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Preface

This book presents the proceedings of the 17th International Federation of Information
Processing (IFIP) Conference on e-Business, e-Services, and e-Society (I3E), which
was held in Kuwait City, Kuwait, from October 30 to November 1, 2018. The annual
I3E conference is a core part of Working Group 6.11, which aims to organize and
promote exchange of information and co-operation related to all aspects of e-business,
e-services, and e-society (the three Es). The I3E conference series is truly interdisci-
plinary and welcomes contributions from both academics and practitioners alike.

The central theme of the 2018 conference was “Challenges and Opportunities in the
Digital Era” and although the framework of the I3E was maintained with the core of
papers related to e-business, e-services, and e-society, those that touched upon wider
opportunities and challenges in the digital era were welcome. Consequently, the aim
of the conference was to bring together a community of scholars for the advancement
of knowledge regarding the adoption, use, impact, and potential of social media across
e-business, e-services, and e-society along with the business models that are likely to
prevail in the digital era.

The conference provided an ideal platform for knowledge advancement and
knowledge transfer through fruitful discussions and cross-fertilization of ideas with
contributions spanning areas such as e-business, social media and networking, big data
and decision-making, adoption and use of technology, ecosystems and smart cities,
modeling and artificial intelligence, behaviors and attitudes toward information, and
information technology and education. The call for papers solicited submissions in two
main categories: full research papers and short research-in-progress papers. Each
submission was reviewed by two knowledgeable academics in the field, in a
double-blind process. The 2018 conference received 99 submissions from academics
worldwide. The final set of 53 full papers submitted to I3E 2018 appear in these
proceedings.

The success of the 17th IFIP I3E Conference was a result of the enormous efforts of
numerous people and organizations. Firstly, this conference was only made possible by
the continued support of WG 6.11 for this conference series and for selecting GUST to
host I3E 2018, and for this we are extremely grateful. We are privileged to have
received so many good-quality submissions from authors across the globe and the
biggest thank you must go to them for choosing I3E 2018 as the outlet for their current
research. We are indebted to the Program Committee, who generously gave up their
time to provide constructive reviews and facilitate enhancement of the manuscripts
submitted. We would like to thank Gulf University for Science and Technology
(GUST) and the College of Business Administration for hosting the conference as well
as the Kuwait Foundation for the Advancement of Sciences (KFAS), and That Al
Salasil Bookstore for supporting the conference. Finally, we extend our sincere grat-
itude to everyone involved in organizing the conference, to our esteemed keynote
speakers, and to Springer LNCS as the publisher of these proceedings, which we hope



will be of use for the continued development of research related to the three Es and
social media in particular.

August 2018 Salah A. Al-Sharhan
Antonis C. Simintiras
Yogesh K. Dwivedi

Matti Mäntymäki
Luay Tahat

Marijn Janssen
Issam Moughrabi

Taher M. Ali
Nripendra P. Rana

VI Preface



Organization

Conference Chairs

Salah Al-Sharhan Gulf University for Science and Technology (GUST),
Kuwait

Antonis Simintiras Gulf University for Science and Technology (GUST),
Kuwait

Program Chairs

Salah Al-Sharhan Gulf University for Science and Technology (GUST),
Kuwait

Antonis Simintiras Gulf University for Science and Technology (GUST),
Kuwait

Yogesh K. Dwivedi Swansea University, UK
Matti Mäntymäki University of Turku, Finland
Marijn Janssen Delft University of Technology, The Netherlands
Nripendra P. Rana Swansea University, UK
Luay Tahat Gulf University for Science and Technology (GUST),

Kuwait
Issam Moughrabi Gulf University for Science and Technology (GUST),

Kuwait
Taher Mohammad Ali Gulf University for Science and Technology (GUST),

Kuwait

Organization Chairs

Ahmed ElMelegy Gulf University for Science and Technology (GUST),
Kuwait

Yasean Tahat Gulf University for Science and Technology (GUST),
Kuwait

Khiyar Abdallah Gulf University for Science and Technology (GUST),
Kuwait

Khalid Kisswani Gulf University for Science and Technology (GUST),
Kuwait

Nada Al Masri Gulf University for Science and Technology (GUST),
Kuwait

Dhoha Al Saleh Gulf University for Science and Technology (GUST),
Kuwait

Ahmed ElMorshidy Gulf University for Science and Technology (GUST),
Kuwait



Mohammad Al Najem Gulf University for Science and Technology (GUST),
Kuwait

Mohammad Ouakouak Gulf University for Science and Technology (GUST),
Kuwait

Gertrude Hewapathirana Gulf University for Science and Technology (GUST),
Kuwait

Saeed Askary Gulf University for Science and Technology (GUST),
Kuwait

Shobhita Kohli Gulf University for Science and Technology (GUST),
Kuwait

Conference Administrator

Nabae Asfar College of Business Administration, Gulf University
for Science and Technology (GUST), Kuwait

I3E 2018 Keynote Speakers

H. Raghav Rao The University of Texas San Antonio, USA
Saad Al Barrak Executive Chairman of ILA Group

I3E 2018 Program Committee

Salah Al-Sharhan GUST, Kuwait
Antonis Simintiras GUST, Kuwait
Yogesh K. Dwivedi Swansea University, UK
M. P. Gupta IIT Delhi, India
Fawaz Al-Anzi Kuwait University, Kuwait
Naser Abu-Ghazaleh GUST, Kuwait
Khaled El-Mawazini GUST, Kuwait
Omar Moufakkir GUST, Kuwait
Jean Paul Arnaout GUST, Kuwait
Matti Mantymaki University of Turku, Finland
Marjin Janssen Delft University of Technology, The Netherlands
Luay Tahat GUST, Kuwait
Issam Moughrabi GUST, Kuwait
Taher Mohammad Ali GUST, Kuwait
Nripendra P. Rana Swansea University, UK
Ahmed ElMelegy GUST, Kuwait
Yasean Tahat GUST, Kuwait
Khiyar Abdallah GUST, Kuwait
Nada Al-Masri GUST, Kuwait
Dhoha Al-Saleh GUST, Kuwait
Ahmed El-Morshidy GUST, Kuwait
Mohamad Al-Najem GUST, Kuwait
Gertrude Hewapathirana GUST, Kuwait

VIII Organization



Saeed Askary GUST, Kuwait
Shobhita Kohli GUST, Kuwait
Vigneswara Ilavarasan IIT Delhi, India
Arpan Kumar IIT Delhi, India
George Balabanis City University, UK
Khalid Benali LORIA, Université de Lorraine, France
Marijn Janssen Delft University of Technology, The Netherlands
Raed Algharabat University of Jordan, Jordan
Bruno Defude The Institude of Mines-Telecom, France
Mehiddin Al-Baali Sultan Qaboos University, Sultanate of Oman
Majed A. Al-Shamari King Faisal University, Kingdom of Saudi Arabia
Hongxiu Li Turku School of Economics, Finland
Jose Machado University of Minho, Portugal
Tomi Dahlberg University of Turku, Finland
Yiwei Gong Wuhan University, China
Esma Aimeur University of Montreal, Canada
Euripidis Loukis University of the Aegean, Greece
Sajal Kabiraj Dongbei University of Finance and Economics, China
Prabhat Kumar National Institute of Technology, India
Evandro Baccarin ESCP Europe Business School, Berlin, Germany
Sven Laumer University of Bamberg, Germany
Djamal Benslimane Lyon 1 University, France
Winfried Lamersdorf University of Hamburg, Germany
Dolphy Abraham Alliance University, India
Antonio Cerone IMT Institute for Advanced Studies, Lucca, Italy
Jonna Järveläinen Turku School of Economics, Finland
Khalil Ur-Rahmen

Khoumbati
University of Sindh, Pakistan

Wojciech Cellary Poznan University of Economics, Poland
Anneke Zuiderwijk Delft University of Technology, The Netherlands
Ben Lowe University of Kent, UK
Yong Liu University of Oulu, Finland
Panayiota Tsatsou University of Leicester, UK
Francois Charoy Université de Lorraine, LORIA, France
Mahmoud Elish GUST, Kuwait
Ahmed ElOualkadi National School of Applied Sciences of Tangier,

Morocco
Anand Jeyaraj Wright State University, USA
Ranjan B. Kini Indiana University Northwest, USA
Anu Manchanda Waljat College of Applied Sciences, Oman
Banita Lal Nottingham Trent University, UK
Jairo Dornelas Federal University of Pernambuco, Brazil
Hanadi Al Mubaraki Kuwait University, Kuwait
Iqbal Al Shammari GUST, Kuwait
Florentina Halimi GUST, Kuwait
Mukhtar Al Hashimi Ahlia University, Bahrain

Organization IX



Jassim Al Ajmi Ahlia University, Bahrain
Esra Al Dhaen Ahlia University, Bahrain
Fida Karam GUST, Kuwait
Sarah Jack Lancaster University, UK
Lemuria Carter Virginia Commonwealth University, USA
Ahmed Abdelrahman

Ahmed
GUST, Kuwait

Ahmed Al-Derbas GUST, Kuwait
Mohamed Ouakouak GUST, Kuwait
Sudhir Chawla GUST, Kuwait

X Organization



Contents

Mobile Application Adoption Predictors: Systematic Review
of UTAUT2 Studies Using Weight Analysis. . . . . . . . . . . . . . . . . . . . . . . . 1

Kuttimani Tamilmani, Nripendra P. Rana, and Yogesh K. Dwivedi

The Role of Social Networks in Online Marketing and Measurement
of Their Effectiveness – The Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Hana Mohelska and Marcela Sokolova

Learning Time Analysis - Case Study in the IT Sector
in the Czech Republic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Vaclav Zubr and Hana Mohelska

Acceptance and Use of Mobile Devices and Apps by Elderly People. . . . . . . 30
Blanka Klimova

Evaluation of the Effectiveness of the Use of a Mobile Application
on Students’ Study Achievements – A Pilot Study . . . . . . . . . . . . . . . . . . . 37

Blanka Klimova and Pavel Prazak

Digital Payments Adoption Research: A Review of Factors Influencing
Consumer’s Attitude, Intention and Usage . . . . . . . . . . . . . . . . . . . . . . . . . 45

Pushp P. Patil, Nripendra P. Rana, and Yogesh K. Dwivedi

Motivations Affecting Attitude Towards Information: Development
of a Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

Daniele Doneddu

Motivations to Seek Electronic Word of Mouth Communications
and Information Adoption: Development of a Conceptual Model . . . . . . . . . 60

Daniele Doneddu

Performance Evaluation of Post-quantum Public-Key Cryptography
in Smart Mobile Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

Noureddine Chikouche and Abderrahmen Ghadbane

Investigating Dual Effects of Social Networking Sites . . . . . . . . . . . . . . . . . 81
A. K. M. Najmul Islam, Matti Mäntymäki, Aaron W. Baur,
and Markus Bick

Do Business Ecosystems Differ from Other Business Networks? The Case
of an Emerging Business Ecosystem for Digital Real-Estate and Facility
Services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

Matti Mäntymäki, Hannu Salmela, and Marja Turunen



Strategic Positioning in Big Data Utilization: Towards
a Conceptual Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

Milla Wirén and Matti Mäntymäki

Understanding the Value of MOOCs from the Perspectives of Students:
A Value-Focused Thinking Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

Shang Gao, Ying Li, and Hong Guo

Is Ecosystem Health a Useful Metaphor? Towards a Research Agenda
for Ecosystem Health Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

Sami Hyrynsalmi and Matti Mäntymäki

Implementation of Information Security in the EU Information Systems:
An Estonian Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

Maris Järvsoo, Alexander Norta, Valentyna Tsap, Ingrid Pappel,
and Dirk Draheim

Bridging the Knowledge Divide in GCC Countries: The Role
of Digital Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

Amer Al-Roubaie

Design of an Algebraic Concept Operator for Adaptive Feedback
in Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

Andrew Thomas Bimba, Norisma Idris, Ahmed A. Al-Hunaiyyan,
Rohana Binti Mahmud, and Nor Liyana Bt Mohd Shuib

Smart City and Green Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
A. Polzonetti and M. Sagratella

The Role of Data Analytics in Startup Companies: Exploring
Challenges and Barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

Vebjørn Berg, Jørgen Birkeland, Ilias O. Pappas, and Letizia Jaccheri

What is a Minimum Viable (Video) Game? Towards a Research Agenda. . . . 217
Sami Hyrynsalmi, Eriks Klotins, Michael Unterkalmsteiner,
Tony Gorschek, Nirnaya Tripathi, Leandro Bento Pompermaier,
and Rafael Prikladnicki

How to Avoid Financial Crises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232
Eleftherios Thalassinos and Yannis Thalassinos

Modeling the Role of C2C Information Quality on Purchase Decision
in Facebook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244

Rafita Haque, Imran Mahmud, Md. Hasan Sharif, S. Rayhan Kabir,
Arpita Chowdhury, Farzana Akter, and Amatul Bushra Akhi

XII Contents



What Should I Wear Today? An IoT–Based Dress Assistant
for the e–Society. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

Javier Gomez

Generic Business Process Model for SMEs in M-Commerce Based
on Talabat’s Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264

Fadi Safieddine and Imad Nakhoul

Electronic Financial Disclosure: Islamic Banking vs Conventional
Banking in GCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

Adel M. Sarea, Abdalmuttaleb M. A. Musleh Al-Sartawi,
and Azam Abdelhakeem Khalid

Business Modeling and Flexibility in Software-Intensive Product
Development - A Systematic Literature Review . . . . . . . . . . . . . . . . . . . . . 292

Magnus Wilson and Krzysztof Wnuk

Conflicts of Interest, Information Quality and Management Decision . . . . . . . 305
Saeed Askary and Shekar S. Shetty

Artificial Intelligence and Reliability of Accounting Information . . . . . . . . . . 315
Saeed Askary, Nasser Abu-Ghazaleh, and Yasean A. Tahat

Blockchain for Businesses: A Systematic Literature Review . . . . . . . . . . . . . 325
Purva Grover, Arpan Kumar Kar, and P. Vigneswara Ilavarasan

Transportation Management and Decision Support Systems within the
Supply Chain Management Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . 337

Issam A. R. Moghrabi and Fatemah O. Ebrahim

Identifying Social Media’s Capability for Recognizing Entrepreneurial
Opportunity: An Exploratory Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344

Abdus-samad Temitope Olanrewaju, Mohammad Alamgir Hossain,
Paul Mercieca, and Naomi Whiteside

The Influence of Social Media on Entrepreneur Motivation and Marketing
Strategies in a Developing Country . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355

Abdus-Samad Temitope Olanrewaju, Naomi Whiteside,
Mohammad Alamgir Hossain, and Paul Mercieca

Auditors’ Usage of Computer-Assisted Audit Techniques (CAATs):
Challenges and Opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365

Raed Jameel Jaber and Rami Mohammad Abu Wadi

The Use of Internet and Mobile Banking in the Czech Republic . . . . . . . . . . 376
Martina Hedvicakova and Libuse Svobodova

Contents XIII



Solutions for Higher Competence in Financial Literacy of Pupils
at Secondary School in the Czech Republic . . . . . . . . . . . . . . . . . . . . . . . . 387

Martina Hedvicakova and Libuse Svobodova

A Fuzzy Multi-criteria Decision Making Approach for Analyzing the
Risks and Benefits of Opening Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397

Ahmad Luthfi, Zeenat Rehena, Marijn Janssen, and Joep Crompvoets

Analysis of the Banking Sector in the Czech Republic. . . . . . . . . . . . . . . . . 413
Martina Hedvicakova and Pavel Prazak

Factors Determining Optimal Social Media Network Portfolio
for Accounting Firms: The Case of the Czech Republic . . . . . . . . . . . . . . . . 425

Libuše Svobodová and Martina Hedvičáková

How Can Technology Support Education in War – WarAware
Education Platform for Syria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436

Nada Almasri, Luay Tahat, and Laila Al Terkawai

Information Technology Governance and Electronic Financial Disclosure. . . . 449
Abdalmuttaleb M. A. Musleh Al-Sartawi, Rami Mohammad Abu Wadi,
and Azzam Hannoon

Examining the Factors Affecting Behavioural Intention to Adopt
Mobile Health in Jordan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459

Ali Alalwan, Abdullah M. Baabdullah, Nripendra P. Rana,
Yogesh K. Dwivedi, Fadia Hudaib, and Ahmad Shammout

The Determinants of RFID Use and Its Benefits in Hospitals:
An Empirical Study Examining Beyond Adoption. . . . . . . . . . . . . . . . . . . . 468

Mohammad Alamgir Hossain and Azizah Ahmad

Assimilation of Business Intelligence Systems: The Mediating Role
of Organizational Knowledge Culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480

Azizah Ahmad and Mohammad Alamgir Hossain

The Relationship Between Audit Committee Characteristics
and the Level of Sustainability Report Disclosure . . . . . . . . . . . . . . . . . . . . 492

Amina Mohammed Buallay and Esra Saleh AlDhaen

Relating Big Data and Data Quality in Financial Service Organizations . . . . . 504
Agung Wahyudi, Adiska Farhani, and Marijn Janssen

Representational Quality Challenges of Big Data: Insights
from Comparative Case Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 520

Agung Wahyudi, Samuli Pekkola, and Marijn Janssen

XIV Contents



ERP Adoption and Use in Production Research: An Archival Analysis
and Future Research Directions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539

Samuel Fosso Wamba, Jean Robert Kala Kamdjoug, Shahriar Akter,
and Kevin Carillo

Solving Location Based Inventory Routing Problem in E-Commerce
Using Ant Colony Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 557

Reema Aswani, Arpan Kumar Kar, P. Vigneswara Ilavarasan,
and Rohan Krishna

Machine Learning Approach to Analyze and Predict the Popularity
of Tweets with Images. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 567

Nimish Joseph, Amir Sultan, Arpan Kumar Kar,
and P. Vigneswara Ilavarasan

A Critical Review of Empirical Research Examining SMEs Adoption
from Selected Journals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577

S. S. Abed

Advantages and Drawbacks of Social Network Sites Utilization
in Travel and Tourism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 588

Jaroslav Kacetl and Blanka Klimova

Raising a Model for Fake News Detection Using Machine Learning
in Python . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 596

Gerardo Ernesto Rolong Agudelo, Octavio José Salcedo Parra,
and Julio Barón Velandia

Design of a System for Melanoma Detection Through the Processing
of Clinical Images Using Artificial Neural Networks . . . . . . . . . . . . . . . . . . 605

Marco Stiven Sastoque Mahecha, Octavio José Salcedo Parra,
and Julio Barón Velandia

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 617

Contents XV



Mobile Application Adoption Predictors:
Systematic Review of UTAUT2 Studies Using

Weight Analysis

Kuttimani Tamilmani(&), Nripendra P. Rana, and Yogesh K. Dwivedi

School of Management, Emerging Markets Research Centre (EMaRC), Swansea
University Bay Campus, Swansea SA1 8EN, UK

kuttimani.tamilmani@gmail.com, ykdwivedi@gmail.com,

{n.p.rana,y.k.dwivedi}@swansea.ac.uk

Abstract. Mobile phone subscriptions are the largest form of consumer tech-
nology adopted across the world. Despite their potential, the research is very
scant in understanding various predictors of consumer adoption towards mobiles
technologies in particular mobile applications. This study intend to fulfil this
purpose through weight analysis on mobile application adoption based studies
that utilized UTAUT2 model. Studies needed for weight analysis were located
through cited reference search method in Scopus and Web of Science biblio-
graphic databases. The results of weight analysis revealed performance
expectancy/perceived usefulness, trust and habit as best predictors of consumer
behavioural intention to mobile applications adoption whereas behavioural
intention was the best predictor of use behaviour. There were also two
promising predictors with perfect weight of one such as perceived risk on
behavioural intention and habit on use behaviour. Further steps of this research
involves meta-analysis to develop comprehensive conceptual model concurrent
with weight analysis results for empirical evaluation on various mobile
applications.

Keywords: UTAUT2 � Weight analysis � Systematic review

1 Introduction

Marketing is an indispensable business function that serves as lifeline for any organ-
isations survival since its core objective is to attract and retain customers to generate
revenue [1]. Recent years has seen rapid explosion of mobile devices (mdevices) with a
number of unique mobile subscribers reaching 5 billion in 2017 encompassing two
thirds of global population elevating mobile to the highest scale of consumer tech-
nology worldwide [2]. Apart from providing entertainment to user’s, mobile devices
such as smartphones and tablets improves their productivity through plethora of mobile
apps [3]. Examples of such applications include but are not limited to project man-
agement (slack), shopping (Amazon), business card (camcard), news organizer (flip-
board), health/fitness (fitbit), note taking (evernote), transportation (uber), payment
(square) and so on [4]. Unlike traditional advertising medium such as newspapers,
televisions, magazine and radio, the unique characteristics of mobile platform enable
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marketers to reach right consumers anytime anywhere. This phenomenon is popularly
referred as mobile advertising [5, 6]. The continuous advancement of wireless com-
munication and network technologies such as 3G, 4G and 5G will make mobile
advertising a popular form of advertising medium in the near future. The market
research firm Statista’s report reveals companies spend a whopping 105.95 billion USD
on mobile advertising in 2017 and it is expected to reach 175.64 billion in 2020 [7].
However, despite the rise in mobile technologies, a research on Fortune 500 compa-
nies’ mobile websites for their mobile readiness revealed just one-quarter of them had
mobile-responsive websites and majority of the companies were unprepared [8].

Given the preceding discussion on centrality of mobile advertising in marketing
function to organisations, it would be impeccable to evaluate various predicators of
consumer intention to adopt/use IT enabled mobile applications. The extended unified
theory of acceptance and use of technology (UTAUT2) is the most comprehensive
research model in the IS arena as on date in understanding various predictors
influencing individuals to accept and make use of information technologies [see 9 for
review]. Despite UTAUT2 model recent introduction in the year 2012, it has already
garnered more than 3000 citations in Google Scholar alone spanning from IS field and
beyond emphasising on its predictive ability. Thus, the objective of this study is to
undertake weight analysis on consumer adoption/diffusion research of various mobile
applications using UTAUT2 theory to evaluate the cumulative performance of various
predictors. The study involves following steps to fulfil the objective:

• Locate empirical studies that utilized UTAUT2 model in understanding consumer
intention/use behaviour of mobile applications.

• Conduct weight analysis of the empirical studies to understand the significance and
insignificance of various relationships and their performance.

• Represent the predictors of consumer adoption to mobile applications in the form of
sundial.

The next section of this paper describes the research method employed in this
study; Sect. 3 presents the findings of weight analysis and systematic literature review
followed by discussion in Sect. 4 and conclusion in Sect. 5.

2 Research Method

Since the purpose of this study is to synthesize the existing research findings on
consumer adoption of mobile applications, a combination of “systematic review”,
“citation reference search” and “weight-analysis” approach were deemed appropriate
[10–12]. Cited reference search for Venkatesh et al. [9] article in Scopus and Web of
Science database from March 2012 to March 2017 resulted in 1,320 papers (823 from
Scopus; 497 from Web of Science). On further scrutiny, we found 452 citations were
common in both databases resulting in 868 unique citations for UTAUT2. Out of 868
articles, 16 empirical studies were found pertinent to mobile applications with relevant
data for weight analysis. Weight analysis determines indicative predictive power of an
independent variable over dependant variable. A weight is ratio between the number of
times an independent variable found as significant predictor of dependant variable
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(a) to the total number of times an independent variable is examined as a predictor of
dependant variable (b) and thus is calculated using formula (a)/(b) [13].

3 Findings

This section presents and explains the findings from the systematic review and weight
analysis

3.1 Literature Synthesis

The 16 mobile applications related studies included ten different countries: Malaysia
was the most studied country with four empirical examination; whereas Jordon, China
and the USA with two examinations each emerged as the second most studied coun-
tries. This is followed by six countries in third position such as Mozambique, France,
Bangladesh, Portugal, Chile and the UK with one study each. Six major themes
emerged based on the technology examined: (1) Mobile payments as a broader theme
was the most examined technology with nine studies. Out of nine studies, six directly
examined mobile payments, whereas three studies examined technologies such as NFC
payments, mobile wallet and remote mobile payment to broadly fall under mobile
payment classification. (2) Mobile banking was the second most popular technology
examined with three studies, and finally the remaining four themes: (3) Mobile Apps

Table 1. Summary of mobile application studies

SN Author name D.V Technology Examined Country

1 Alalwan et al. [18] UB Mobile Banking Jordon
2 Baptista and Oliveira [19] UB Mobile Banking Mozambique
3 Hew et al. [14] BI Mobile Apps Malaysia
4 Jia et al. [19] BI Mobile Payment China
5 Jia et al. [20] BI Mobile Payment China
6 Koenig-Lewis et al. [21] UB Mobile Payment France
7 Mahfuz et al. [22] UB Mobile Banking Bangladesh
8 Morosan and Defranco [23] BI NFC Payments USA
9 Oliveira et al. [24] BI Mobile Payment Portugal
10 Qasim and Abu-Shanab [25] BI Mobile Payment Jordon
11 Ramírez-Correa et al. [14] UB Mobile Internet Chile
12 Shaw [26] BI Mobile Wallet USA
13 Slade et al. [27] BI Remote Mobile Payment UK
14 Teo et al. [28] BI Mobile Payment Malaysia
15 Wong et al. [15] BI Mobile TV Malaysia
16 Wong et al. [16] BI Mobile Advertising Malaysia

LEGEND: BI: Behavioural Intention; D.V: Independent Variable; UB: Use
Behaviour
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[14]; (4) Mobile Internet [15]; (5) Mobile TV [16] and 6) Mobile advertising [17] were
examined on one instance each. It was also found that only five studies employed Use
behaviour (UB) as their outcome/dependant variable with all having behavioural
intention (BI) as their immediate antecedent whereas BI was the most operated
outcome/dependant variable with 11 studies (see Table 1).

3.2 External Variables

Thirteen out of sixteen studies employed UTAUT2 constructs in combination with
external variables. Whereas the remaining three studies (i.e. Jia, Hall [20];
RamírezCorrea, Rondán-Cataluña [15]; Wong, Wei-Han Tan [16] adapted only
UTAUT2 based constructs in understanding consumer intention to use various mobile
applications. Table 2 presents findings of external variables analysis across thirteen

Table 2. Summary of external variables

SN External constructs Frequency Citations

1 Trust 5 Alalwan et al. [18]; Jia et al. [21];
Qasim and Abu-shanab [26]; Shaw
[27]; Slade et al. [28]

2 Perceived risk 2 Koenig-lewis et al. [22]; slade et al.
[28]

3 Perceived security 2 Morosan and Befranco [24]; oliveira
et al. [25]

4 Innovativeness 2 Oliveira et al. [25]; wong et al. [17]
5 Exposure 1 Jia et al. [21]
6 Information searching 1 Jia et al. [21]
7 Knowledge 1 Koenig-lewis et al. [22]
8 General privacy 1 Morosan and Defranco [24]
9 System-related privacy 1 Morosan and Defranco [24]
10 Compatibility 1 Oliveira et al. [25]
11 Behavioural intention to

recommend
1 Oliveira et al. [25]

12 Network externalities 1 Qasim and Abu-shanab [26]
13 Self-efficacy 1 Shaw [27]
14 Informal learning 1 Shaw [27]
15 Perceived transaction speed 1 Teo et al. [29]
16 Perceived transaction

convenience
1 Teo et al. [29]

17 Mobile skilfulness 1 Wong et al. [17]
18 Website quality 1 Mahfuz et al. [23]
SN External moderators Frequency Citations
1 Hofstede cultural moderators 2 Baptista and Oliveira [19]; Mahfuz

et al. [23]
2 Educational level 1 Hew et al. [14]
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studies to reveal eighteen unique external constructs and two unique external moder-
ators. Trust was the most frequently utilised external construct with five studies fol-
lowed by the second most used external constructs such as perceived risk, perceived
security and innovativeness that were used on two occasions each. In addition, there
were 14 more external constructs like: (1) exposure, (2) information searching,
(3) knowledge, (4) website quality, (5) general privacy, (6) system-related privacy,
(7) behavioural intention to recommend, (8) compatibility, (9) network externalities,
(10) informal learning, (11) self-efficacy, (12) perceived transaction convenience,
(13) perceived transaction speed and (14) mobile skilfulness that were used on one
instance each. The hypothesis from all external constructs to consumer behavioural
intention/use behaviour of various mobile applications were positive apart from per-
ceived risk and system related privacy variable that were hypothesized negatively to BI.
A (-) sign in Table 3 indicates the negative path relationship among the independent
and dependant variable in examining consumer adoption of mobile applications.
Finally, the two external moderators: Hofstede’s cultural moderators and educational
level were used together on three instances with two studies the former one was the
most used.

4 Weight-Analysis

4.1 Coding Independent and Dependent Variables

This study employed generalized coding scheme adapted from Jeyaraj et al. [13] to
uniformly code findings between various independent and dependant variables. The
coding template was organised into ‘rows’ and ‘columns’. Each row represents one of
the 16 studies, whereas each column represents the path relationship between an
independent and dependant variable. The intersection points between studies in “row”
and path relationship in “column” represent the significance of the particular path
relationship corresponding to that study. The coding scheme has four different values:

(1) ‘+1’ in the case where the path relationship examined was significant and
hypothesized in positive direction; (2) ‘−1’ in the case where the path relationship
examined was significant and hypothesized in negative direction; (3) ‘0’ in the case
where the path relationship examined was insignificant; and (4) “Blank” when the
relationship was not studied [13]. The thorough examination of 16 articles uncovered
63 unique path relationships employed among 31 independent and 12 dependent
variables. However, the findings of this study is limited only to 31 path relationships on
two dependant variables i.e. behavioural intention (comprising 27 independent vari-
ables) and use behaviour (comprising four independent variables) (see Table 3).

Since the objective of this study is to understand various predictors of consumer
behavioural intention and use of mobile applications.

4.2 Consumer Mobile Applications Predictor’s Findings

Table 3 presents the summary on weight-analysis findings of 16 studies mobile
application studies. An independent variable is termed as well-utilized when examined
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by researchers in five or more studies and termed as experimental variable in case of
less than five examinations. Furthermore, the independent variable qualifies as the best
predicator of dependant variable when they are used in five or more studies (welluti-
lized) and have a weight of 0.80 or more. On the other hand, independent variable can
be considered as a promising predicator when it is used in less than five studies
(experimental) and have perfect weight of one [12].

Table 3 lists 27 independent variables on behavioural intention and four on use
behaviour in understanding consumer adoption towards mobile applications. There were
eight well-utilized independent variables/predictors (examined five or more instances)
of behavioural intention such as performance expectancy/perceived usefulness (exam-
ined 16 times), effort expectancy/perceived ease of use (examined 14 times), social
influence (examined 12 times), facilitating conditions (examined 9 times), hedonic
motivation/perceived enjoyment (examined 9 times), price value (examined 7 times),
habit (examined 7 times) and trust (examined 7 times). Out of eight well-utilized pre-
dictors the best predictors of behavioural intention are the one with weights � 0.80
which are performance expectancy/perceived usefulness (0.81), trust (0.80) and habit
(1.00). However, some independent variables, despite being used more than five times,
yielded non-significant results consistently to emerge as the worst predictors of con-
sumer behavioural intention towards mobile payment with weight < 0.80. The label of
worst predictors may not necessarily appeal to the well utilized predicators having
weight in between the range of 0.80 and 0.50 such as social influence (0.67), facilitating
conditions(0.78) and hedonic motivation/perceived enjoyment (0.78) are worth of future
examination [13].

Instances of worst predictors with weight < 0.50 comprise effort
expectancy/perceived ease of use (0.43) and price value (0.29). Furthermore, there were
19 experimental variables used in understanding consumer behavioural intention
towards mobile payment. Out of nineteen experimental variables only three variables:
1) perceived risk, 2) perceived security and 3) innovativeness were examined on two
instances each with rest sixteen variables were examined on once instance each. The
discussion is restricted to experimental variables examined more than one instance.
Perceived Risk emerged as the promising predicator with weight of one.

There were four independent variables in understanding consumer use behaviour
towards mobile applications. Among the four, behavioural intention was the only well
utilized and best predicator with significant values on all five occasions. The remaining
three: 1) facilitating conditions (examined 4 times, significant 3 times), habit (examined
2 times, significant 2 times) and website quality (examined 1 times, significant 1 times)
are experimental variables. Habit emerged as the promising predicator with weight of
one among experimental variables examined more than one instance. Figure 1 presents
sundial of consumer mobile applications adoption predictors and their corresponding
weight. Surprisingly none of the sixteen studies on consumer mobile applications
employed UTAUT2 moderator’s relationships in their original form.
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Table 3. Weight analysis summary approach adapted from Jeyaraj et al. [13]

SN Independent Variable DV Sig
(a)

In-
Sig

Total
(b)

Weight
(a/b)

1 Performance expectancy/Perceived
Usefulness

BI 13 3 16 0.81

2 Effort expectancy/Perceived ease of
use

6 8 14 0.43

3 Social Influence 8 4 12 0.67
4 Facilitating Conditions 7 2 9 0.78
5 Hedonic motivation/Perceived

enjoyment
7 2 9 0.78

6 Price Value 2 5 7 0.29
7 Habit 5 0 5 1
8 Trust 4 1 5 0.8
9 Perceived Risk(-) 2 0 2 1
10 Perceived security 1 1 2 0.5
11 Innovativeness 1 1 2 0.5
12 Informal learning 1 0 1 1
13 Online shopping habit 0 1 1 0
14 Mobile shopping habit 1 0 1 1
15 Cell phone Usage habit 0 1 1 0
16 Mobile payment usage habit 1 0 1 1
17 Masculinity Vs Femininity 0 1 1 0
18 Information searching 1 0 1 1
19 General privacy 0 1 1 0
20 System-related privacy(-) 1 0 1 1
21 Compatibility 1 0 1 1
22 Power distance 0 1 1 0
23 Uncertainty avoidance 0 1 1 0
24 Website quality 0 1 1 0
25 Network externalities 1 0 1 1
26 Perceived Transaction Convenience 0 1 1 0
27 Perceived Transaction Speed 1 0 1 1
28 Behavioural Intention UB 5 0 5 1
29 Facilitating Conditions 3 1 4 0.75
30 Habit 2 0 2 1
31 Website quality 1 0 1 1

Legend: D.V: Independent Variable; In. Sig: Number of insignificant path values; Sig (a):
Number of significant path values
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5 Discussion

Literature synthesis reveals the deployment of UTAUT2 theory to understand con-
sumer adoption of six different mobile applications in ten different countries under-
scoring generalizability of UTAUT2 theory across various technological and cultural
contexts. Utilitarian value based mobile applications were the most studied with mobile
payments (9 studies) and mobile banking (3 studies) together comprising 12 out of 16
studies. The findings revealed that only five (around 31%) studies employed UB as
endogenous variable whereas the remaining 11 studies comprising (69%) employed BI

[LEGEND: CUH: Cell Phone Usage Habit; COM: Compatibility; EE/PEOU: Effort 
Expectancy/Perceived Ease Of Use; FC: Facilitating Conditions; GP: General Privacy; HA: Habit; 
HM/PEJ: Hedonic Motivation/ Perceived Enjoyment; IL: Informal Learning; IS: Information Searching; 
IN: Innovativeness; MF: Masculinity Vs Femininity; MPU: Mobile Payment Usage Habit; MSH: Mobile 
Shopping Habit; NE: Network Externalities; OSH: Online Shopping Habit; PR: Perceived Risk; PS:
Perceived Security; PTC: Perceived Transaction Convenience; PTS: Perceived Transaction Speed; 
PE/PU: Performance Expectancy/ Perceived Usefulness; PD: Power Distance; PV: Price Value; SI: Social 
Influence; SRP: System-Related Privacy; TR: Trust; UA: Uncertainty Avoidance; WQ: Website Quality.] 

Fig. 1. Consumer mobile applications adoption predictors a Sundial
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as endogenous variable. This pattern is comprehensible since popular mobile appli-
cations are still evolving and it is difficult to measure actual consumer use of these
technologies, in such cases BI can be good indicator of future technology use. How-
ever, Wu and Du’s [30] meta-analysis on BI and UB caution the researchers notion of
considering BI as surrogate of UB as it’s not appropriate for studies to report user
behaviour without assessing actual system usage. In addition, they caution all stake-
holders in research community should be circumspect of such studies not investigating
user behaviour but only behavioural intention [30].

The two independent variables of technology acceptance model (TAM) i.e. per-
ceived usefulness similar to performance expectancy (16 studies) and perceived ease of
use (14 studies) similar to effort expectancy emerged as the most utilized variables
emphasising TAM’s dominance in individual adoption research. However, the most
frequently used predicators does not necessarily translate into best predicators [13]. For
instance, effort expectancy, despite being the second most examined independent
variable on 14 instances, was significant on just six occasions with weight of 0.43 to
become the worst predictor of consumer behavioural intention to mobile applications.
Surprisingly price value the latest addition to the UTAUT2 model was the worst
predicator of BI with lowest weight of 0.29 among relationships that are examined five
or more times. A meta-analytic study on price value construct found the construct
inappropriate to examine mobile applications that are available to users free of cost as
they were prone to insignificant results in determining consumer adoption to those
technology [31]. Researchers need compelling reason to include the worst predicators
as independent variables in evaluating consumer adoption towards mobile payment. On
the other hand, researchers should continue using four best predictors in understanding
consumer adoption of mobile applications three of them performance
expectancy/perceived usefulness (0.81), trust (0.80) and habit (1.00) were on beha-
vioural intention, whereas behavioural intention (1.00) the fourth and final one was on
use behaviour all having weights of � 0.80. Moreover, there were only two promising
predictors with perfect weight of one used more than one instance such as perceived
risk (1) and habit (1). Adoption to innovative product such as mobile applications that
are entirely new to market can involve great element of risk. However, UTAUT and
TAM, the most popular theoretical models in understanding individual technology
adoption, have often overlooked constructs such as perceived risk, privacy concerns
and trust [21]. Weight analysis finding confirms the notion of Koenig-Lewis et al. [21]
with trust emerging as best predicator and perceived risk as promising predicator of
consumer adoption to mobile applications. Researchers should continue using
promising predicators in future studies to enable more testing and ascertain their
suitability as the best predicator.

As far as habit is concerned, it emerged as best predictor of behavioural intention
and promising predictor of use behaviour. HA ! BI path was the most examined habit
based relationship with all five significant instances and the remaining two significant
relationships were for the path HA ! UB. UB is less utilized as dependant variable of
HA than BI, since HA ! UB is better hypothesis in understanding consumer adoption
of well-established and mature technologies, whereas BI is better predictor of habit and
subsequent UB for new and rarely used technology applications such as our case under
investigation i.e. mobile applications [32]. Moreover this belief is strengthened through
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meta-analysis study that focussed on habit construct which revealed habit as not an
optimal construct to examine technology users at early stage of adoption where suf-
ficient time hasn’t elapsed in using technologies to form habit [33].

6 Conclusion

This paper aimed to understand the predictors of consumer adoption to mobile appli-
cation through weight analysis. The results of weight analysis divulged the
most/least/best/worst and promising predictors of consumer adoption for mobile
applications and provided comprehensive review on this subject. The results also
revealed that more than 80% of the studies employed external variables since UTAUT2
and other popular technology acceptance theories have disregarded predictors such as
trust (best predictor) and perceived risk (promising predictor) in consumer adoption for
mobile applications. Moreover, none of the studies employed UTAUT2 moderating
variables due to the complexity of their relationship amongst various constructs. In
addition, despite being the most frequently used predictor; effort expectancy produced
the most insignificant results. This calls for researchers to be more cautious while
operationalizing their constructs from existing theory/model to make necessary adap-
tations or omit irrelevant constructs depending upon context rather than having obli-
gation to replicate all the constructs in underpinning model/theory. Despite
precautionary measures taken for coding and analysis the findings of the study is not
without its limitations. The studies involved for weight analysis were limited only to
two databases such as Web of Science and Scopus restricting the number of empirical
studies. Future weight analysis should include a large number of studies from wider
range of databases to minimize publication bias. Although weight analysis is good
indicator on significance of predictors it does not take sample size into consideration
like meta-analysis to provide true effect size. Thus, the next stage of this research is as
follows: (1) to conduct meta-analysis and develop research model in combination with
weight analysis; (2) to collect data on selected mobile applications through question-
naires; and (3) to analyse the collected data and empirically examine the research model
through statistical techniques.
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Abstract. This paper is devoted to online marketing tools and primarily
focuses on the use of social networks and measuring their effectiveness. The
theoretical part briefly presents the topic of online marketing and selected tools.
The next section deals with the case study that analyses the use of social net-
works on a particular project, including measuring the efficiency of social net-
works by comparing the planned and actual state according to the selected
metrics. In conclusion, there is a discussion on the results obtained and the
possible directions, which would increase the efficiency of social networks, i.e.
online marketing, are outlined. The results of assessing the current state of
online marketing for the surveyed project in 2017, by comparing the planned
and actual metric values, largely fail to meet the targets. With measuring social
networking tools, the planned numbers of website visits and social networking
orders didn’t reach their planned values. Regarding the number of fans on
individual social networks, the planned status was only achieved with the
Pinterest and Instagram social networks.

Keywords: Online marketing � Social networks � Efficiency measurement
Facebook � Twitter � Instagram

1 Introduction

The rapid development of information and communication technologies, in which, the
Internet plays an important role, has been an important trend in the recent years.
Nowadays, only a few people can imagine life without Internet. The possibilities of
using the Internet include real-time communication between people, access to a wide
range of information and services and it has a great potential mainly for
entrepreneurship, even for businesses that normally operate outside the Internet. Today,
the vast majority of businesses are presented on the Internet. Thanks to online mar-
keting, they have a better chance of entering people’s awareness and increasing their
sales.

The present time brings enhanced possibilities of marketing communication
through the Internet. Communication on the Internet is characterized by a number of
positive characteristics, particularly through the ability to accurate target, personalize,
interact and measure, and all with relatively low costs [1, 2].
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2 Objective and Methodology

The submitted study’s aim was to evaluate the current state of online marketing for the
selected project. An assessment of the current state of online marketing was carried-out
in 2017 on three major tools - social networks, PPC advertising and e-mailing – this
paper primarily focuses on social networking findings.

2.1 The Analyzed Project Presentation

The case study for the demonstration of measuring social networking effectiveness was
carried-out on a selected start-up project. It is an exclusive platform that connects the
selected designers and enthusiasts who love original design and can appreciate creative
work. Within this project, it currently exhibits around 500 designers from around the
world. So far, the project works mainly within the Czech Republic and Slovakia.

2.2 Social Networking Efficiency Measurement

The tools were evaluated in 2017 by comparing planned and actual metric values. The
evaluation data was obtained from Google Analytics, Google AdWords, MailChimp,
and the project’s website [3, 4].

3 Theoretical Background - Online Marketing Tools

The marketing definition from Kotler’s point of view states that marketing is a science
and an art to discover, create and deliver value that meets the needs of the target
market. Marketing identifies unfulfilled needs and requirements. It defines, measures
and quantifies the scope of the selected market and the potential profit. It precisely
determines which market segments the company can maintain best, it designs and
promotes appropriate products and services [5, 6].

The Internet provides companies with new opportunities and benefits from a
marketing perspective. These include, for example, the provision of important infor-
mation, a new sales channel and the promotion of business activities and products
around the world, the ability to customize the offer via database information on the
number and frequency of site visitors and many others. Linking Internet and marketing
therefore creates a significant area [7–9].

3.1 Electronic Commerce

Active marketing and the sale of goods and services on the Internet is referred to as
ecommerce. Thanks to the Internet, today’s world is characterized by inter-connection,
which brings new methods, such as identifying or searching for customers, how to
distribute products more effectively, or how to communicate more effectively with
large groups of customers [10, 11].
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The main factors that have influenced the development of e-commerce, include the
following four factors: (1) Digitization and networking; (2) Rapid Internet develop-
ment; (3) New forms of trading; (4) Adapting products to customer needs.

E-business. E-business includes all electronic information exchanges via electronic
platforms (intranet, extranet, Internet) to conduct business activities. The Internet and
other technologies help businesses to conduct their business activities faster, more
accurately and in a greater time and space range [12, 13].

E-commerce. E-commerce is a more specific term that includes sales and pur-
chasing processes using electronic communication. Electronic markets are used to
represent market venues and vendors use them to offer their products and services
online. Ecommerce includes e-marketing and e-purchasing (the “shopping” site of e-
commerce) [12, 14].

E-marketing. E-marketing or electronic-marketing is the “selling” e-commerce site
and involves communication, sales promotion and sales of goods and services through
the Internet. It represents the effort of the company to inform on the products and
services, to promote them and to sell them [12, 15].

3.2 Online Marketing Elements

SEO. SEO, i.e. website optimization for search engines or optimization of search-
ability on the Internet, is an abbreviation of the Search Engine Optimization in English.
A more detailed definition of SEO is explained by SEO consultant Pavel Ungr, who
says SEO is the process of influencing the visibility of the website in the unpaid part of
the search engine results. Generally speaking, the higher and the more often the web
appears in the search engine results, the more visitors the web can get from the Internet
search engine. SEO can target different types of search including images, local search,
videos, academic information, news, or narrower search in specific fields [16, 17].

Link-building. Link-building is an activity that aims to establish a partnership
where reference is made in the form of a link, text or image, leading to the promotion of
websites in places where potential customers look for them. The authority of website is
created during link-building [18].

Content marketing. Content marketing means regular creation and the sharing of
quality free-of-charge content among listeners who share it and it will be useful to them
or entertain them. Quality content related to the company’s business scope will attract
potential customers who will become more interested in the company. Then, they can
become customers and if customers are satisfied, the customers become returning
clients. By publishing high-quality educational content, the company gains the confi-
dence of customers who want to do business with it [19].

Copywriting. Copywriting is a creative activity that creates gentle and engaging
advertising and marketing texts that sell products and services [20].

Conversion rate optimization. Optimizing the conversion rate means adjustments
to the website to increase the conversion rate. Conversion is an indication of a fact
when a web visitor becomes a customer, most often it includes an order [20].

Social networks. Social networks are an online social media where users create
and share a variety of content, such as photos, videos, personal experiences and
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opinions. Companies on social networks create content and communicate with
potential customers to promote brands and marketing goals [1, 20].

PPC advertising. PPC is the abbreviation for the english term “Pay Per Click”.
This is a business model when the advertiser pays for every click on the ad.

E-mailing. Newsletter is an English term for an electronic newsletter regularly sent
to logged-in subscribers and it belongs to a modern, inexpensive and effective mar-
keting tools. Everyone, who receives a newsletter, is a potential customer. At the same
time, it also serves for the dissemination of the company’s awareness and its further
growth [21, 22].

3.3 Measurement and Evaluation of Online Marketing Tools

Online marketing is a powerful tool due to the possibility of accurate monitoring of
target customers. The advantage of online activities is that they are relatively easy to
measure.

The metrics of different tools and campaigns are also different depending on the
given goals to be achieved. The most significant metrics include site traffic, conver-
sions, i.e. desirable site visitor’s actions, average time spent on the site, the number of
pages visited by the user, the site instant exit rate and others. The metrics need to be
analyzed using the tools for that purpose. The most common metrics tracking tool on
the web is Google Analytics, then Google AdWords tool for PPC advert, e-mailing
such as MailChimp, on social networks like Facebook, the Facebook Insights tool is
used.

4 Assessing the Current State of Social Networking
as an Online Marketing Tool - The Case Study

The tools were evaluated by comparing planned and actual metric values in 2017. The
evaluation data was obtained from Google Analytics, Google AdWords, MailChimp,
and the project’s website.

To measure the effectiveness of the social networking tool, the following table
(Table 1) lists the number of visits and the number of orders that are made from
individual social networks. Website traffic through social networking channels was
estimated to 8,593 visits in 2017 and accounted for 14.16% of the total traffic. By
clicking through the social networks, 28 conversions were carried out in the form of
orders for design products. What is important here is the fact that none of the social
networks have been financially subsidized, so they are only organic unpaid results.

The comparison of the planned and actual state is used to evaluate this tool. The
following table (Table 2) shows that the estimated number of site visits and the number
of social networking orders scheduled was far from being achieved.

An important social networking tool metric is also the number of fans who express
interest from a potential customers’ point of view. The next table (Table 3) lists the
scheduled and actual numbers of fans on each social network. Fulfilment of the planned
values were carried-out only on the Pinterest and Instagram social networks.
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However, for all social networks, the number of fans had a growing character
(Fig. 1), also reflecting the work of a social networking specialist, who tried to influ-
ence these numbers with their activity on social networks.

Table 1. Website traffic from social networks and number of orders leading from social
networks in 2017. (Google Analytics, customized processing)

Social Network Traffic Share of total traffic Number of orders Share of total orders

Facebook 6271 72.98% 11 39.29%
Pinterest 1914 22.27% 7 25.00%
Instagram 102 1.19% 2 7.14%
LinkedIn 88 1.02% 6 21.43%
Twitter 88 1.02% 2 7.14%
Tumblr 1 0.01% 0 0%

Table 2. Scheduled and actual number of visits and orders from social networks in 2017.
(Google Analytics, project website, customized processing)

Social networks

Scheduled visits 50000
Visits 8464
Planned number of orders 500
Number of orders 28

Table 3. Social networks – fan number values in 2017. (Facebook.com, Pinterest.com,
Instagram.com, Twitter.com, Linkedin.com, customized processing)

Facebook Pinterest Instagram Twitter LinkedIn

Fan schedule plan for 2017 130000 3500 1500 1500 50
Fans at the beginning of 2017 112570 2516 699 1150 5
Fans at the end of 2017 115396 3521 1956 1270 23
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Fig. 1. Development of fan numbers on the following social networks - Pinterest, Instagram,
Twitter and LinkedIn in 2017. (customized processing)

The Role of Social Networks in Online Marketing and Measurement 17



The social networking tool is used extensively within the scope of the project, in
terms of the number of social networks on which it operates. From the point of view of
shared network contributions, broader sharing options could be used - a broader type of
content, or a wider focus on target groups, their interests, and so on.

5 Discussion

The aim of the submitted study was to evaluate the current state of online marketing for
the selected project. Firstly, the project was introduced, subsequently an assessment of
the current state of the use of social networking in online marketing in 2017 was
carried-out concerning three important tools - social networks, PPC advertising and
emailing - the paper’s focus was primarily on social networks. Based on data from
Google Analytics, Google AdWords, and MailChimp, the scheduled and actual metric
values for each tool were compared.

The assessment results for the current state of online marketing of the project under
review in 2017, by comparing the scheduled and actual metric values of the three
selected tools largely failed to reach their targets.

With measurements of social networking tools, the scheduled number of website
visits and social networking orders didn’t reach their expected values. Regarding the
number of fans on individual social networks, the planned status was only achieved by
the Pinterest and Instagram social networks.

Within PPC advert measurement it was discovered that the estimated number of
visits and clicks on adverts were only fulfilled for the campaign on the awareness of the
brand in the content network (for the Czech Republic and Slovakia). The planned
number of orders resulting from the PPC ad click wasn’t reached by any of the
campaigns carried-out.

When measuring e-mailing, it was discovered that the planned number of
newsletter subscribers wasn’t reached by one target group. The lack of content and
capacities were the reason why the other target groups failed to meet the planned
number of newsletters sent. The estimated average rate of opening newsletter was
fulfilled only for designers in the Czech Republic and Slovakia, and the estimated
average click-through rate in the newsletter was reached only for the target group of
design lovers in the Czech Republic and Slovakia. The planned numbers of orders
resulting from the newsletter click-out were not reached for one target group.

We consider the value of the number of orders on the web as the most important
metric as it brings profit to a business. Nevertheless, the values of the planned order
numbers didn’t reach the planned target in any of the measured tools, on the contrary,
these values are very distant to the planned state. Low order values are attributed to
different purchasing behavior as they are higher priced products. The reason for not
achieving the planned situation is also the fact that more financial investments and
capacities were originally planned for the planned activities and the metric values.

So, it is important to realize that the project under consideration as a start-up
conceals a great deal of human capacity and total commitment to the given project. In
order to achieve business and marketing goals for 2018, it is also necessary to invest
sufficient funds to enable the implementation of planned communication activities. The
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project should continue to focus on presenting its brand, designers and products offline
as today’s trends show that being online is not as competitive as it used to be. The
project could also focus on events in Slovakia, where the design area is experiencing a
boom. Due to the high prices of the offered design products, it could also target
products with lower value to make them more accessible to a wider range of customers.

6 Conclusion

At the time of the boom of information and communication technologies, it is
important for each organization to use the potential which is offered to them, because
that’s the only way they can compete in a competitive battle.

Sufficient efforts and financial investment in meaningful communication activities
will later return to the organizations in the form of satisfied customers and increased
profitability.
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Abstract. For learning organisations, acquiring knowledge is one of the key
activities. Then for example, the acquired knowledge will allow organisations
greater flexibility or a strategic advantage. As small and medium-sized organi-
sations in the Czech Republic are of great importance from the employment of
people viewpoint, this survey is focused on education in these organisations.
The aim of this study is to evaluate learning time in small and medium-sized
organizations in the Czech Republic and to compare the learning time of general
staff and managers in these organizations. When comparing results with foreign
studies, it can be argued that the results obtained correlate with each other and
are satisfactory. In this study, there was a statistically significant difference
found between people who are learning at least 1–10 h per month and those who
are not. At the same time, the positive influence of learning on the evaluation of
some dimensions was found.

Keywords: IT sector � Learning time � Small and medium-sized organizations
General staff learning � Managers’ learning

1 Introduction

The definition of a “learning organisation” has been described by several authors over
the years. For example, a learning organisation is defined in the book of The Fifth
Discipline by Peter Senge as: “… an organisation whereby people continually improve
their abilities and achieve the results they truly desire where they find support, new and
dynamic models of thinking where collective thinking and inspiration are very wel-
come, and where people still learn how to learn [14].”

From other sources, a learning organisation can be characterised as an organisation
that acquires knowledge and innovates fast enough to survive and prosper in a rapidly
changing environment, supports continuous employee education, critical thinking as
well as risk-taking in the application of new ideas, as well as the dissemination of new
knowledge for an organisation in order to incorporate them into day-to-day activities
[3]. Learning then becomes an integral part of the whole work process. Work and
learning are interconnected in the process of continual improvement. A learning
organisation doesn’t rely on learning as a by-product of routine work but is actively
supported, facilitated and rewarded. Interaction between individuals is then a key
aspect of organisational learning [1, 17].
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According to several studies, more factors are involved in good functioning of the
learning organisation concept (management, learning communities, inner compliance,
empowering individuals, organising culture, self-development, teamwork, sharing
information, creating knowledge, building reliable learning dimensions and innovation
or facilitating leadership) [19]. Learning is one of the basic activities for the learning
organisation concept and can be carried out at individual, group or organisational levels
[18].

Organisational learning is the result of an interactive and interdependent process.
This type of learning is based on organisational memory (past knowledge and expe-
rience) and is carried out through common knowledge and mental models of individual
company members. Individuals and groups in the organisation are articles through
which organisational learning takes place [8, 9].

1.1 Small and Medium-Sized Organizations in the Czech Republic

The importance of small and medium-sized organizations in the Czech Republic is
relatively high given the high percentage of people they employ (more than 70% of
employees in the private sector) [5].

Small and medium-sized organizations are defined as organizations that employ up
to 250 people. In detail, small and medium-sized organizations can be divided into
small enter-prises (also micro-companies) with 1 to 9 employees, small organizations
with 10 to 49 employees and medium organizations employ between 50 and 250
people [4, 5].

1.2 Measurement of Learning Organisation

We can use a large number of tools to measure and diagnose learning organisations.
The used tool depends on the different definitions of the learning organisation. The
definition of learning organisation by Marsick and Watkins [15] is also one of these
tools (Tables 1 and 2).

Table 1. Seven learning organisation dimensions

No of dimension Name

1 Create continuous learning opportunities
2 Promote inquiry and dialogue
3 Encourage collaboration and team learning
4 Create systems to capture and share learning
5 Empower people toward a collective vision
6 Connect the organisation to its environment
7 Provide strategic leadership for learning

Source: own processing by [7, 9]
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According to Marsick and Watkins, there are seven dimensions that characterise the
learning organisation culture. Individual dimensions then represent the efforts of
organisations to create learning opportunities for all employees, the effort to create a
platform supporting dialogues, reactions and experiments among members, team
learning, vision sharing or strategic leadership [12].

All dimensions are interconnected, which can aggravate statistical evaluation of
analyses [16]. When comparing organisations with dimensions, we can see a correla-
tion between dimensions and knowledge and financial performance [9, 13].

In the Czech Republic, the topics of introducing a learning organisation and the
level of learning in organisations haven’t been significantly addressed yet. The missing
data about learning situation in organizations can lead to worsen market position of the
organization. Therefore the aim of this study is to evaluate learning time in small and
medium-sized organizations in the Czech Republic and to compare the learning time of
general staff and managers in these organizations. According to the published foreign
studies [16], using the Dimension of a Learning Organisation questionnaire seems to be
satisfying tool to evaluate the level of learning in organizations. To maintain the
validity of this study it was conducted the cross-section questionnaire survey with
using the Dimensions of a Learning Organization questionnaire.

2 Methodology

At the beginning of the research, an in-depth data analysis was carried out analysing
articles from books and journals searched using web databases (Web of Science,
Scopus, Sage Journals, Emerald Insight, Science Direct, Wiley Online Library, Taylor
& Francis, etc.) with related issues. Based on the synthesis of the obtained data, the
search keywords were chosen: learning organisation, learning organisation perfor-
mance, building a learning organisation, DLOQ, Dimensions of a learning organisation
questionnaire study, etc.

To comparison this study with published foreign studies [16] a cross-section ques-
tionnaire survey was conducted betweenDecember 2017 and February 2018. This survey
was focused on small and medium-sized organizations in the IT sector in the Czech
Republic. The respondents were sent a questionnaire via e-mail addresses obtained from
the Albertina Business and Marketing Database [2]. The size of the organization and the
sector of activitywere selected as a business selection criterion. The business sectors were
entered by the CZ-NACE code, the predominant activity, specifically [10]:

J – Information and communication activities – 62.0 – Activities in the Information
Technology field – 62.01 – Programming - 62.02 – Information Technology Consul-
tancy - 62.03 – Computer Equipment Management – 62.09 – Other IT activities

For this survey, a Dimension of a Learning Organisation questionnaire was selected
in a 21-issue questionnaire version focusing on the 7 dimensions of a learning
organisation [9]. Thanks to its expansion, this questionnaire is easily comparable to
foreign studies. This questionnaire also provides adequate measurement results with its
focus on the seven dimensions of a learning organisation. To maintain the validity of
the questionnaire, the questionnaire was translated by two independent translators from
English into Czech and then back to English. At the same time, retaining the meaning
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of the questionnaire was considered. For each dimension, Cronbach confidence coef-
ficient was calculated using IBM SPSS Statistics Version 24. The Alpha coefficient
ranged from 0.683 to 0.860 for each dimension. Overall, the value of the coefficient
was 0.933. The calculated values of the Cronbach coefficient appear to be satisfactory
(the coefficient higher than 0.7 is “satisfactory”) [6]. Individual dimensions were
assessed by the respondents on the 6-point Likert scale.

In order to verify the clarity of the questionnaire, a pilot study was initially carried
out. This pilot study was attended by a total of 20 students from the combined form of
follow-up Master’s degree in Information Management. The final version of the
questionnaire was created using “docs.google.com”. In total, 2,884 respondents were
addressed. Approximately 250 of the e-mail addresses no longer existed, 25 respon-
dents are not currently in business.

The obtained data was analysed using Microsoft Excel 2016 and IBM SPSS
Statistics version 24 using descriptive statistics, parametric and non-parametric tests at
confidence levels a = 0.01 and a = 0.05.

3 Results

In order to verify the questionnaire understands, a pilot study was carried out involving
20 students from the combined form of Master’s degree in Information Management at
the Faculty of Informatics and Management in Hradec Králové. These respondents are
employed in the following areas: software development, telecommunications, IT,
electronics production, internet sale, sales, law, health, advertising, government, work
with children, transport and logistics, sports, energy and heating. The data from the
pilot study was evaluated using Microsoft Excel 2016 and the IBM SPSS Statistics
version 24 statistical programme.

After evaluating the pilot survey, information on the organisation’s size and the
position in the organisation was added to the questionnaire.

Using the Cronbach alpha reliability indicator, the reliability of each dimension was
determined. All dimensions except dimension 4 met the required reliability value, total
reliability is relatively high (a = 0.933). Although dimension 4 (Creating systems for

Table 2. Cronbach alpha for each dimension

Dimension Cronbach a

D1: Creating opportunities for systematic learning 0.721
D2: Support for polling and dialogue 0.860
D3: Encourage team learning and collaboration 0.761
D4: Creating systems for capturing and sharing learning 0.683
D5: Motivating people for a collective vision 0.796
D6: System interfaces 0.765
D7: Strategic guidance for learning 0.791
Total 0.933

Source: own processing
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capturing and sharing learning) didn’t reach 0.7 value, it’s significantly close to this
value (0.017 difference), so this value can also be considered satisfactory.

A total of 2,884 respondents from small and medium-sized companies from the
Czech Republic with a focus on information technology activities were addressed. The
study was attended by a total of 201 respondents (return on questionnaires was 6.97%).
Organisations employing up to 10 employees (32.3%), up to 50 employees (45.3%)
and 250 employees (22.4%) were represented in the study. General staff accounted for
35.8% of the respondents and managers accounted for 64.2% of the respondents. The
respondents were made up of 137 men and 64 women. The largest age group were
respondents aged 39 (6.0%), then 38 years (5.5%) and 47 years (5.0%). Regarding the
distribution of respondents to age groups, the 31–40 years age group (37.8%) were
represented most, followed by 57 respondents in the 41–50 years age group (28.4%)
and 32 respondents in the 51–60 years age group (15.9%). In terms of education,
respondents with a university education (72.1%) were represented most, followed by
secondary school graduates (20.9%).

The respondents reported employment time in the organisation up to five years
(32.8%), followed by 11–15 years (21.4%). Only two respondents worked in organi-
sations for a longer time - one respondent for 31 years and the other for 36 years.

When comparing the evaluation of individual questions, one can say that none of the
questions received less than half of the points. The respondents rated the worse questions
10 and 11: “My organisation creates systems to measure the difference between actual
and expected performance”with an average rating of 3.386 and “My organisation makes
all evaluations available to all employees” with an average rating of 3.236. The greatest
indecision through the evaluation by respondents was expressed at question 20: “In my
organisation, managers look for opportunities for further education.”, when they iden-
tified two values on the Likert scale from which the average was calculated.

10%

54%

21%

%6
10%

2%

%54

26%

9% %10

0%

10%

%20

30%

40%

50%

60%

hours a month0 1 – 10 h. a 
month

11 – 20 h. a 
month

21 – 35 h. a 
month

36 or more h.  
Month

Staff member Execu ve member

Fig. 1. Training time (per month) by worker’s position (Source: own processing)
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The majority of respondents devote from 1 to 10 h per-month to education that’s
related to employment. On average, employees spend 13 h on education. The rela-
tionship between the training time and job position is shown in Fig. 1.

The differences between managers and ordinary staff members are noticeable in the
case where employees don’t learn. The poorer attitude of ordinary staff members in
regard to education could be justified by insufficient motivation for further education or
by the fact that the organisation doesn’t require further training. For dimensions 3, 4,
and 5, the statement asserts that positive dimension ratings are growing up to 35 h per-
month while investing more time in education per-month is slightly declining. The T-
test reveals a statistically significant difference between people devoting “0 h” a month
to education and the other groups of respondents who devote to education (“1–10 h”
p = 0.00028; “11–20 h” p = 0.00025; “ 21–35 h” p = 0.000092; “more than 36 h”
(p = 0.00074, a = 0.01).

4 Discussion

The extension of the learning organisation concept in the Czech Republic hasn’t been
described yet. This paper is focused on evaluation of the learning organisation concept
in Information Technology organisations registered in the Czech Republic.

Overall, nearly the study consisted of 70% men and approximately 30% women.
This result was expected with respect to the field chosen for the study and is in-line
with the reported male/female statistics in the IT sector [11].

When comparing the learning time of the ordinary staff members and managers, it’s
clear that managers learn more than regular staff. The managers’ higher education is
probably directly related to their higher assessment of the individual learning organi-
sation dimensions (Fig. 1).

If we compare the learning time per-month with the average assessment of the
individual dimensions, we find that there is a statistically significant difference
(p = 0.00074) between non-learning staff and the employees who learn 36 or more
hours per-month at the materiality level of a = 0.01. At the same time, for dimensions
3, 4, and 5, positive dimensional ratings are growing up to 35 h per-month, while
investing more time in education per-month slightly decreases (Table 3). If employees

Table 3. Comparison of respondents’ responses with different intensity of education

Average
of D1

Average
of D2

Average
of D3

Average
of D4

Average
of D5

Average
of D6

Average
of D7

0 h a month 2.741 3.463 3.778 3.148 3.111 3.370 3.296
1–10 h a month 4.482 4.346 4.125 3.557 4.335 3.888 4.280
11–20 h a month 4.396 4.444 4.347 3.493 4.403 3.948 4.462
21–35 h a month 4.600 4.578 4.444 3.622 4.622 4.078 4.378
36 or more h
Month

5.100 4.725 4.167 3.550 4.442 4.400 4.667

Source: own processing
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were learning more than 36 h per-month, training could eventually take place at the
expense of employment, which may have resulted in lower dimensions evaluation.

If we compare the average results of each dimension, we see that all dimensions
correlate very closely with one another, which is consistent with Watkins, O’Neil [16].

Table 4 below shows an example of studies conducted abroad, along with an
average rating score for each dimension. The total number of respondents in the
comparative studies was N = 2854.

5 Conclusion

The aim of this study was to evaluate learning time in small and medium-sized
organizations in the Czech Republic and to compare the learning time of general staff
and managers in these organizations. To obtain the results we used the Dimensions of a
Learning organization questionnaire according to other published studies. This ques-
tionnaire was distributed via e-mail between the general staff and managers of small
and medium-sized organizations in IT sector in the Czech Republic. If we compare this
study’s results with studies already conducted, we can say that the results obtained
from organisations from the IT sector in the Czech Republic are satisfactory. The
results obtained in 5 of 7 dimensions are higher than the weighted average of foreign
studies that have been conducted. Compared to the weighted average of results, it can
be concluded that organisations in the IT sector in the Czech Republic meet most of the
learning organisation’s dimensions better than organisations in foreign studies. Higher
ranking of organisations should give organisations a greater strategic advantage [16].
Organisations in the Czech Republic only have a lower average score in two dimen-
sions. Specifically, Dimension 4 “Creating systems for learning and sharing learning”
and Dimension 6 “System interfaces”. There was no statistically significant difference
between the individual dimensions of the learning organisation concept (p = 0.658,

Table 4. Comparing DLOQ results with other studies

Study author N D1 D2 D3 D4 D5 D6 D7

Watkins and Marsick 389 3.94 3.91 3.98 3.50 3.74 4.00 4.13
Selden 142 5.01 4.05 4.09 3.44 3.83 4.17 4.49
McHargue 264 4.16 4.15 4.33 3.78 4.20 4.35 4.73
Lien, Yang, Li 79 3.97 4.05 4.00 4.13 4.08 4.01 4.26
Hernandez 906 3.94 4.16 4.01 4.09 4.21 3.96 4.27
Maria 628 4.05 4.08 3.84 3.96 3.79 3.98 4.21

4.35 4.32 3.13 4.15 3.99 4.42
4.09 4.01 3.86 3.99 4.04 4.29

Zubr 4.39 4.19 3.52 4.33 3.94 4.33
Ellinger 208 4.12 4.04 4.13 3.70 3.93 4.19 4.26
Milton. Watkins 37 4.26
Weighted average 4.06 201 4.45

Source: own processing by [16]
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a = 0.05) when comparing the average value from the comparative studies with the
completed study in the Czech Republic. The training period per month has a positive
impact on the evaluation of individual dimensions.

When assessing individual dimensions of the learning organisation, the differences
between managers and ordinary staff members were observed. In the follow-up
research, it would be appropriate to analyse several small and medium-sized organi-
sations to look for a larger sample of management as well as ordinary staff members. At
the same time, it would be useful to mutually compare DLOQ results across the various
fields of action.
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Abstract. Currently, there is an increase in the number of older generation
groups. These demographic changes obviously cause serious social and eco-
nomic problems. Therefore, there is a need to prolong an active life of elderly
people, who want to lead active, fulfilling and quality life in a sense of their
inclusion, socialization and independence. This can be achieved not only by
continuous support from their family members, but current trends show an
important role of information and communication technologies (ICT) in this
process. The purpose of this study is to explore the acceptance and use of mobile
technology, specifically mobile devices and applications by elderly people, both
from the technical and sociological point of view. The methods used in this
study include a method of literature review of available sources, a method of
comparison and evaluation of the findings from the selected studies on this
topic. The findings show that although there is a number of mobile apps for the
elderly on the market, they do not usually meet specific needs of these people
such as their physical and cognitive impairments or relevant technical specifi-
cations of mobile device designed for this group of people. In addition, since the
use of mobile technologies by elderly people is quite a new field of research,
there are almost no research studies which would prove acceptance of these
mobile apps. Therefore, there is a need of vast and detailed research in this area
and also find a solution to this complex technological and sociological issue.

Keywords: Mobile devices � Mobile applications � Older people
Acceptance � Use

1 Introduction

Ageing is becoming a big social issue nowadays. In 2000, the number of people at the
age of 65+ in the world reached 12.4% and this number is expected to grow to 19% by
2030 [1]. In developed countries, this number of older adults forms 24% and it should
rise to 33% by 2050 [2]. In Europe the population group aged 65+ represents 18% of
the 503 million Europeans, which should almost double by 2060 [3]. Compared to the
world’s data, this trend of aging population causes additional problems such as
increased costs on the treatment and care about this elderly people [4, 5].

Therefore, there is a need to prolong an active life of elderly people, who want to
lead active, fulfilling and quality life in a sense of their inclusion, socialization and
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independence. This can be achieved not only by continuous support from their family
members, but current trends show an important role of information and communication
technologies (ICT) in this process. They are also known under the common name as
gerontechnology because they try to meet the needs of aging society [6, 7].

Furthermore, socio-scientific positions are used to develop a range of research that
deals with the relationship between ICT and groups defined by gender, life cycle
phases, or specific needs. An example is a study by Lubas et al. [8], which focuses on
design and implementation of mobile applications (apps) that thanks to their con-
struction enable their alternative form of communication to children with autistic
disabilities to be tailored to their specific needs and to compensate for their commu-
nication barrier. The dynamic relationship between technology and aging is being
systematically developed and becoming a narrowly defined area of interest. It uses
social science theory to identify everyday ICT-related practices or needs, whose sat-
isfaction requires a degree of user competencies or needs, whose satisfaction may be
via ICT improved. Rogers et al. [9] in Technology and Aging offer thematic areas in
the everyday life of seniors that require research:

“…we address the extent to which older adults use new technologies, factors to consider in the
adoption of technology (e.g., attitudes), the influence of technology design on older adults’
performance (e.g., design of input devices), and ways to optimize training for older adults in
using new technologies (e.g., age-specific instructional designs). We then review emerging
areas of research that may direct the focus of human factors research in the next decade. These
areas of research include ubiquitous computing (e.g., home monitoring systems), health care
technologies (e.g., telehealth), robotics (e.g., Nursebot), and automated systems (e.g., cruise
control). Finally, we consider opportunities and challenges to human factors research as the
field continues to address the questions of optimizing technology for older adult users.” (p. 131)

An essential feature of this approach is the emphasis on optimizing technologies to
adapt their design to the needs of aging users, which may not only have the nature of
reduced capabilities and health restrictions [9]. Further studies show that the processes
of digitalization and automation of public services may represent a hindrance for the
elderly in their availability. Technological solutions often fail to take into account the
specific (e.g., sensory) abilities of the elderly. The practical problems that arise from it
are then attributed to blaming this class of actors for incompetence and other stereo-
typing and stigmatization. Criticism of this practice has highlighted the problem of
technological normativity, which is the accompanying effect of socio-technical systems
[10]. The authoritativeness and nobility of technological solutions that require
unconditional adaptation from human actors is no longer obvious. Equal status of
technical and human factors is developed using concepts of socio-technical systems,
networking theory/material semiotics [11–14].

Although in the area of designing technological solutions in the last two decades,
the user-centred research trend (UCD) has emerged, there is often no senior among
model users. For this reason, already in 2001, a group of American researchers iden-
tified the UCD research strategy as “senior-centred research” that was applied to the
design of medical information portals, for which the senior part of the population is
quantitatively predominant clientele [15].
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The purpose of this study is to explore the acceptance and use of mobile tech-
nology, specifically mobile devices and applications by elderly people, both from the
technical and sociological point of view.

2 Findings and Discussion

As research shows, elderly people are nowadays more digitally literate, especially those
parents of baby boomers, and 80% of them have access to the Internet [4, 16, 17].
Furthermore, there is an increasing number of those elderly people who own and use
mobile devices, such as a mobile phone. For instance, 78% of older people at the age of
65+ own a mobile phone in the USA, as well as in the UK [18]. In the Czech Republic,
it is 91% [19]. In fact, currently mobile devices seems to be more exploited than the
desktop computers [20]. For example, 84% of elderly people in the Czech Republic (in
2014, 65+ seniors formed 17.4% of total population) use mobile phones every day
[21], thus being even more passionate users than teenagers. The National Action Plan
for active aging for the period of 2013–17 [22], approved by the Czech government in
2013, reflects the regional implementation strategy of the Madrid International Action
Plan. Among others, it also pays attention to lifelong education. As stated by Sak and
Kolesarova [23], current generation of seniors is the last to be literate in culture and the
first to be changing quality of life with the help of a computer, the Internet and a mobile
phone, thus crossing the generation gap between the culture and cyber-culture.

Although almost all people, including elderly population, own a mobile phone and
some of them even use a smartphone, the number is still low. The reason of such a low
number of elderly users is that a construction of these smartphones does not meet the
specific needs of elderly people who require a mobile phone that is easy to use, provides
safety and security, and is relatively cheap (e.g. [24, 25]). Thus, specific needs of this
group when using a mobile phone must be addressed. These are as follows [26–29]:

• Healthcare and monitoring the state of health needs: At present, there is an
increasing number of elderly people who exploit the so-called mobile healthcare,
i.e. remote care service due to the limitation of aged care resources. This remote
care service might include, for example, obtaining information on their health,
receiving reminders for scheduled visits, medication instructions, or consulting a
doctor at a distance [30].

• Social Needs: Most elderly people live on their own and want to be in contact with
their loved ones and friends. They also want to use the technologies their children
like using.

• Leisure and sales needs: Personal leisure (entertainment or self-education) is
important for senior citizens in what constitutes their free time occupation. They can
also do shopping via mobile phones, order meals or play computer games in order
to maintain quality of their life in case they are not able to go out regularly.

• Safety and privacy needs: This is considered as the most critical aspect for senior
citizens. The user’s activity must be monitored by using presence sensors and be
analyzed with consideration to different scenarios.

32 B. Klimova



On the basis of the older people’s needs, the following apps seem to be the most
suitable for them:

• Applications which convert the smartphone into a simpler and safer senior’s mobile
phone. Elderly people follow rooted stereotypes and archetypes, which is reflected
in the use of mobile phones as well. They want their new, modern smartphones to
possess the designs of old-fashioned land lines, with similar keypad and features in
order to conduct all their daily tasks. In addition, they want to feel safe when they
are home alone. Such an application which can meet these requirements is, for
example, Koala Phone Launcher [31].

• Application and use of mobiles for healthcare or monitoring the state of health.
Elderly people use mobile applications for monitoring their state of health or
obtaining information about healthcare. This is especially true for people suffering
from dementia or diabetes [32, 33].

• Applications focused on entertainment [34], education and improvement of cog-
nitive functions. Playing games help elderly people to spend their time in an
entertaining way. In addition, it develops their memory, socializing and it has a
positive impact on their psyche and overall state of health [35]. Some research
studies [16] also prove that playing games can assist in the delay of Alzheimer’s
disease symptoms and other dementias.

However, since the use of mobile technologies by elderly people is quite a new
field of research, there are almost no research studies which would prove acceptance of
these mobile apps in the areas of the needs described above (cf. [36, 37]).

For example, in the Web of Science 167 articles were found on the acceptance of
mobile apps by the elderly (consult Fig. 1). The first one appeared already in 1996.
However, most of the articles on the research issue started to be published after 2010
[38]. The topic of the majority of studies relates to health monitoring and assisted living
technologies. This is not surprising since elderly people are mainly concerned at this
age in maintaining their health conditions. The number of articles on the pure explo-
ration of elderly people and their acceptance of technologies was relatively scarce.

In the Czech Republic, there is no such research study, which would explore the
acceptance and the use of mobile apps for the maintenance and improvement of quality
of life for elderly people, specifically in the area of physical and cognitive activities,
which as research studies show, can be maintained with an appropriate intervention. So
far, there have been just a few projects, which, however, only focused on the use of the
Internet by elderly (e.g., [39–41]). The similar situation can be observed in other
European countries. Therefore, there is a need of vast and detailed research in this area
and also find a solution to this complex technological and sociological issue.
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3 Conclusion

Generally, there seem to be a number of mobile apps for the elderly on the market.
However, they do not usually meet specific needs of these people such as their physical
and cognitive impairments or relevant technical specifications of mobile device
designed for this group of people. In addition, since the use of mobile technologies by
elderly people is quite a new field of research, there are almost no research studies
which would prove acceptance of these mobile apps. Therefore, there is a need of vast
and detailed research in this area and also find a solution to this complex technological
and sociological issue.
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Abstract. At present, mobile learning (m-learning) seems to be a well estab-
lished methodology at the institutions of higher learning. Most recently,
smartphone apps started to be a popular part of m-learning. The purpose of this
article is to evaluate mobile application effectiveness on students’ study
achievements in the Course of English taught at the Faculty of Informatics and
Management in Hradec Kralove, Czech Republic. The results of this study
confirm that learning via the smartphone app is effective. However, the content
of the mobile app has to be adapted to students’ needs in order to make them
motivated to use the app. Therefore, the whole pedagogical process should be
well planned, react to students’ immediate needs and implement appropriate
teaching and learning methods, which can contribute to the positive learning
outcomes.

Keywords: M-learning � Mobile applications � English � Effectiveness
Study achievements

1 Introduction

Currently, mobile devices are important part of educational process and they are used
in the so-called mobile learning (m-learning), which can be defined as learning across
multiple contexts, through social and content interactions, using personal electronic
devices [1]. Thus, m-learning can take any form of learning with the help of a mobile
device, which can be done at anytime and anywhere when the learner needs it [2]. In
this way, mobile devices are revolutionary because they transcend the boundaries of the
structural status of classrooms and lecture halls and their associated modes of com-
munication – they do not have to be confined to one particular place and time in order
to be effective [3].

Nearly all students nowadays own mobile devices and about half of them own more
than one [4]. The most exploited mobile devices among young people seem to be
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mobile phones, respectively smartphones. In fact, about 90% of young people aged 18–
29 years own a smartphone [5]. This has been confirmed also by other research studies
[2, 6].

M-learning is natural continuation of the well-established eLearning methodology,
which has been used at the University of Hradec Kralove (UHK) since 1999. All
eLearning courses are created in a virtual learning environment Blackboard Learn.
Both methodologies, i.e. m-learning and eLearning, are part of the so-called blended
learning (BL). BL can be defined as a combination of traditional, face-to-face teaching
and online learning [7], which means that in addition to their face-to-face classes,
students are provided with their online complement so that they could revise and
practice the material taught at school. Students have no problems with this type of
study and they are well equipped with mobile devices (i.e., laptop, smartphone or
tablet) as research shows [8, 9]. Almost all students own one mobile device and three
quarters have even two mobile devices [10].

This is also true for students who attend English language classes at the Faculty of
Informatics and Management (FIM) of UHK. Their face-to-face classes are also sup-
ported by eLearning courses in which materials from these classes and additional
exercises for revising and practicing at home are available. At present, there are about
30 eLearning courses designed and actively used only for English language learning at
FIM.

However, as it has been indicated above, students now tend to use their mobile
phones, respectively smartphones for learning. Therefore, also English language
teaching (ELT) has to face to challenge and in the winter semester of 2017 a pilot
course introducing learning with smartphone application (app) was conducted. This
was performed within an English language course.

The purpose of this article is to evaluate mobile application effectiveness on stu-
dents’ study achievements in the Course of English.

2 Materials and Methods

Participants
Altogether 33 students attended the English language course in the winter term of 2017.
They were all full-time students of Management of Tourism in their third year of study
at FIM. Their level of English according to CERF (2018) was B2. During the semester,
however, two students left the course, and thus, only 31 students completed the whole
course. Out of 31 students 19 students, who had access to the app compatible with their
smartphone operating system, also used a smartphone with a special mobile app tai-
lored to their needs as a supporting tool to their face-to-face classes. 12 students served
as a control group. The course lasted from 26 September till 12 December 2017 and
classes were held regularly once a week for 90 min.

Study Design
The first method used in this study was a needs analysis since the proposed mobile app
should have satisfied and enhanced both students’ learning and study achievements.
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The needs analysis was based on the SWOT (strengths, weaknesses, opportunities and
threats) self-evaluation and was conducted during the first introductory lesson.
Secondly, on the basis of the data from the needs analysis, a mobile app was designed
and gradually developed. The described mobile app consists of two application parts
and one server part. The first application part is designed as a web interface for the
teacher (Fig. 1) and the second application part is presented with a mobile app for
students (Fig. 2). This app is intended now only for the Android operating system and
it is available for free at Google Play store. The reason was the ratio of students who
use the Android operating system on their smart devices. The app itself then enabled to
use its statistics since it can collect all user data and distribute it to the server part for
subsequent research and evaluation by the teacher.

Thirdly, methods of analysis and evaluation of the results of students’ achievement
tests were used, including a statistical analysis. The pass mark for doing the final
achievement test was 50%, i.e., 30 points. All the results were recorded and statistically
analyzed. A group of 31 students was randomly assigned into two independent groups.
The research group, whose size was n1 = 19, used a mobile application in their
learning. The second group, the size of which was n2 = 12, did not use the app and was
a controlled group. The following hypothesis was set.

H: Students who use mobile apps in their studies have significantly higher learning
outcomes than students who do not use this app.

Fig. 1. Teacher interface
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3 Results

The results of the needs analysis showed that students’ biggest weakness was learning
and retention of English vocabulary. This finding is also reflected in other research
studies [11, 12].

Therefore, the newly developed smartphone app was targeted at and tailored to the
development and practicing of new English words and phrases. Altogether, there were
ten parallel lessons of vocabulary and phrases. The content of the lessons was physi-
cally completed with words and phrases by the teacher. The students had to translate
the word or the phrase from their native language into English. Each lesson was done
as a test and consisted on average of 15 new words and 10 new phrases. The selected
words and phrases were those discussed in the face-to-face classes and focused on their
field of study, i.e., tourism. The teacher was encouraging students to use the mobile app
and practice new words and phrases discussed in class through notifications in their
mobile app twice a week (Fig. 3).

Students’ results of the final achievement test were statistically analyzed at the
beginning of the year of 2018. A box diagram of the results of the two groups is shown
in Fig. 4 and Table 1. It demonstrates that the students of the experimental group
achieved the higher results as it was expected.

However, this observation was further confirmed by the calculation (Table 1). Due
to the small ranges of the two sets in the pilot study, it is not possible to use the
parametric t-test to compare the mean values obtained from the tests. Thus a non-
parametric Mann-Whitney U test with a p-value estimated from approximation by

Fig. 2. Mobile app screens
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Fig. 3. Teacher’s notifications sent to students via the smartphone app

Fig. 4. A box diagram of students’ results
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normal distribution and continuity correction was used. According to the result of this
test, the hypothesis H can be assumed at the significance level of 0.01. Specific results
of the SPSS calculation can be found in Table 1.

4 Discussion

The results of the statistical analysis confirm that learning via the smartphone app is
effective. Therefore, the set hypothesis is true, i.e., students who use mobile apps in
their studies have significantly higher learning outcomes than students who do not use
this app. Nevertheless, the content of the mobile app has to be adapted to students’
needs in order to make them motivated to use the app. This has been confirmed by
other research studies on this topic, e.g. [2, 13–16]. For instance, the findings by
Lopuch [15] demonstrate that students who enhanced face-to-face classroom education
with an app-based curriculum reached 165% of their expected learning achievement.

Thus, the whole pedagogical process should be well planned, react to students’
immediate needs and implement appropriate teaching and learning methods, which can
contribute to the positive learning outcomes. Churchill et al. [17] propose a special
learning design framework as a key strategy for utilizing multiple affordances of mobile
learning technology. This framework should include and integrate at least four core
components, which are resources, activity, support and evaluation. Especially, the
activity component is very important since it requires students to engage with intel-
lectual and knowledge-based developments. Celik and Yavuz [18] expand that a gui-
ded and controlled implementation of smartphones can enhance the effectiveness and
quality of language learning process. In addition, they state that mobile apps should
correspond to the level of the students’ language knowledge and should be designed by
experts (cf. [19]).

The limitation of this case study consists in the small subject sample, which is
connected with piloting this tailored-made mobile app.

Table 1. Results from Mann-Whitney U test

Test statisticsa

Result of the final test in points, 60 points max, at least 50%

Mann-Whitney U 27,500
Wilcoxon W 105,500
Z −3,512
Asymp. Sig. (2-tailed) ,000
Exact Sig. [2 * (1-tailed Sig.)] ,000b

aGrouping Variable: Used the mobile app
bNot corrected for ties
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5 Conclusion

The results of this study indicate that m-learning via a smartphone app can be effective
and serve as an appropriate complementary method to other forms of course delivery,
especially face-to-face teaching.

Future research should focus on the effectiveness of mobile apps for learning with
bigger sample sizes, as well as extending the mobile app for the Apple’s platform and
iOS.
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Abstract. Digital payment methods (DPMs) are evolving fast but they are yet
to be widely adopted particularly in the developing countries. An initial review
of literature suggests that several studies have already been conducted on this
topic for understanding antecedents of digital payments adoption. However,
only a few studies have examined this emerging topic in the context of devel-
oping countries. The aim of this submission is to identify antecedents of con-
sumer adoption and usage of digital payments methods. The results of this
literature analysis suggest that constructs related to technology acceptance
model (TAM) and unified theory of acceptance and use of technology (UTAUT)
along with trust and risk are the most frequently examined constructs for
determining consumer’s behavioural intention to use and usage of DPMs. The
findings from this work can help researchers selecting factors for inclusion in the
future empirical works on this topic.

Keywords: Adoption � Cashless payments � Construct mapping
Digital payments � Meta-analysis � Mobile payments

1 Introduction

The adoption and use of emerging digital devices and applications (i.e. mobile and
other handheld devices, Near Field Communication (NFC), mobile wallets, P2P apps,
quick response code and wearable) complemented with Internet connectivity are
gradually shifting various activities from the real world to a virtual world [6, 25, 26,
35]. Consumers are also moving towards changing their payment method from cash
and cheque based system to contactless devices [26].

There are several benefits such as potential to bring financial inclusion by offering
financial services to the unbanked masses and improve their lives for better, enhancing
transparency in financial transactions, reducing tax envision and improving public
welfare and delivery systems of digital payment methods (DPMs) to various stake-
holders and consumers. Despite of several benefits DPMs such as mobile payments have
not yet widely adopted as expected in both developed and developing countries except
for few countries such as Kenya and Philippines where mobile payments are readily
accepted due to relative lack of penetration of formal banking system [3, 26, 40].
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The slow adoption of DPMs by consumers provides motivation and relevance to
undertake research in this area. However, several studies have conducted to examine
factors influencing mobile payments adoption largely in the context of developed
countries and there are some in developing countries context [25, 26]. [26] study
presented an initial review and attempted to identify limitations of existing work and
research gaps that need further attention by researchers in this area. This review also
identified dominant theories and models utilised in this domain [26, 27]. However, this
review did not present a detailed analysis of antecedents of consumer’s attitude,
intention, usage, continuance intention and satisfaction. Such review and analysis
would help to unearth inconsistencies in existing research as well as help to discover
well tried and tested antecedents for examining adoption and usage of digital payment
methods. The aim of this study is, therefore, to undertake review and analysis of
factors/constructs employed by existing studies on consumer adoption of digital pay-
ments methods.

The remaining sections of this article is structured as follows: Sect. 2 describes
literature search and analysis method. The results are then presented in Sect. 3. Finally,
Sect. 4 presents a brief concluding discussion and future research directions.

2 Literature Search and Analysis Method

As this work is focused on analyzing findings reported in existing studies, first step for
this study was to identify relevant work published on digital payment methods/systems
adoption. A keyword based search was considered appropriate to identify studies
relevant to digital payment methods, which was achieved by utilizing the following
keywords in the Scopus database: “Digital Payment” OR “Cashless Payment” OR
“Mobile Payment” AND “Adoption” OR “Acceptance” OR “Diffusion” OR “Usage”
OR “Intention” OR “Success” OR “Satisfaction”. This search resulted in 109 studies,
but after initial screening it was found that some studies were not relevant to consumer
adoption to digital payments, which reduced total number of studies to 80. However,
some of these 80 articles (mainly conference papers) were not accessible through
researcher’s library, hence total number further reduced to 75 studies. Articles found
were mainly on the adoption of mobile payment systems hence, for this paper term,
“digital payment systems” mainly refers to mobile payment and have less relevance
with any other form of digital payment system. The articles were deemed appropriate
for inclusion in this study if the data collection of research took place among con-
sumers or the studies developed conceptual model to be empirically tested on con-
sumers at later stage.

Construct mapping was conducted to identify various independent variables
(IVs) employed to determine influence of different dependent variables (DVs) such as
behavioural intention (BI), usage (U), satisfaction and continuance intention. This was
achieved by collecting the information regarding name of IVs and DV along with types
of relationships (significant, insignificant or conceptual) reported between them, which
we utilized to conduct analysis and mapping of constructs examined in existing works.

A detailed screening of search outputs suggests that existing studies have mainly
examined issues related to mobile payments, Mobile Payment Devices (Smartphones),
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NFC, [34] adoption Contactless Mobile Payments and QR Mobile Payment System.
This suggests that other forms of digital payments yet to be examined such as banking
cards, mobile wallets, bank pre-paid cards etc. Hence, the term digital payments in this
paper is largely represent mobile payments and may have less relevance for any other
form of digital payments.

3 Results

Constructs analysis undertaken in this study suggests that many constructs/factors/IVs
have been utilised to determine different DVs (including attitude, behavioural intention
(BI), adoption, usage and satisfaction) of digital payment methods. The IVs employed
in existing studies belong to several dominant adoption and diffusion theories and
models including Technology Acceptance Model (TAM), Innovation Diffusion Theory
(IDT), Unified Theory of Acceptance and Use of Technology (UTAUT) and extended
UTAUT (UTAUT2). The review presented below demonstrates that the focus of
existing empirical studies was on examining consumers’ intention to adopt/use digital
payment methods and very few attempted to explain usage behaviour and satisfaction.

3.1 Antecedents of Consumer Attitudes Towards Adoption of Digital
Payment Methods

A total of six studies have examined the role of different IVs on consumer attitude
towards digital payment methods. These IVs include: Compatibility [17, 39], Confi-
dence and Facility of Use [17], Individual Mobility [12, 17, 33, 39], Perceived Ease of
Use [12, 17, 29, 33], Perceived Security [17, 33], Perceived Usefulness [12, 17, 33,
39], Personal Innovativeness [39] and Subjective Norm [17, 33].

3.2 Antecedents of Behavioural Intention

PU from TAM was utilised by 22 studies to determine BI, which included 20 studies
with significant effect [2, 5, 14, 41, 44] and two studies with non-significant effect [16,
27]. The role of other constructs similar to PU from alternative theories have also
examined. For example, Performance Expectancy (PE) from UTAUT examined by
eight studies [1, 22, 36, 37] and Relative Advantage from IDT by three studies [20, 43].
This suggests that usefulness of digital payment methods for consumers plays a vital
role in influencing their BI to adopt such emerging applications. The role of the PEOU
has also been tested on BI by 15 studies, which include 11 studies with significant
effects [2, 7, 14, 44] and four studies with non-significant effects [15, 18, 24, 27].
A total of six studies examined the role of Effort Expectancy (EE) (similar to PEOU),
but only one study [1] reported significant effect on BI and remaining five studies [22,
28, 36, 37] found non-significant effect.

The remaining two IVs (i.e. Social Influence (SI) and Facilitating Conditions (FC))
from UTAUT are tested by relatively fewer number of studies. Only 10 studies
examined role of SI on BI, which includes nine with significant effect [1, 23, 28, 36, 37,
43] and remaining one study [15] reported non-significant result for this. Only three
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studies examined role of FC on BI with only one study reporting significant [22] and
remaining three [24, 36] with non-significant results.

The role of additional constructs (namely, habit, price value (PV) and hedonic
motivation (HM)) from the UTAUT2 are also less often tested. Three studies reported
significant [22, 36, 44] and one non-significant effects of Habit on BI. PV examined by
only two studies [24, 37] and both reported non-significant influence on BI. HM or
perceived enjoyment has been examined by four studies with two [15, 22] reporting
significant and other two [24, 36] with non-significant effects on BI. The role of attitude
has also been tested by five studies [12, 17, 33, 39], all with significant effect on BI.
Five studies [20, 27, 46] have examined and reported significant effect of
Cost/Perceived Cost on BI but only one such study [43] has reported non-significant
effect of this construct.

Trust, risk and innovativeness have also been examined by digital payment
adoption studies for determining their influence on BI. The role of Trust has been
examined by 10 studies and majority (i.e. nine) of them [25–28, 37, 42, 43] have
reported its significant influence on BI. In contrast [33] have found non-significant
influence of trust on BI. 18 studies have tested the effect of Risk on BI, which include
15 studies [2, 15–17, 20, 24, 36, 37] with significant influence and in the remaining
three [13, 21, 27] with non-significant effect of this construct. Only seven studies
examined the role of innovativeness and they all [17, 21, 24, 32, 36, 38, 43] have its
significant influence on BI.

Other IVs that have been utilised to explain BI include information security [1, 7,
24, 44], privacy concerns [22], knowledge [15], positive emotions [41], self-efficacy
[21], subjective rules [17], network externalities [28] and adoption reediness [38].

3.3 Antecedents of Use/Usage Behaviour

This literature review suggests that only four studies [4, 6, 11, 15, 39] have examined
usage behaviour of digital payment methods. These four studies examined role of
several IVs such as risk [4, 6, 11], BI [11, 15, 39], PEOU [4], PU [4, 39], fee/cost [4,
39], and knowledge [15] for significantly influencing usage or actual behaviour of
using digital payment methods.

3.4 Antecedents of Satisfaction

Only two studies [19, 45] have tested the role of some antecedents for explaining
satisfaction gained from using digital payment methods. [45] study suggests that flow,
system and service quality has a significant effect on determining satisfaction from
using mobile payment systems, where information quality had insignificant effect. [19]
examined the effects of post usages privacy protection perception, post usages social
influence and post usages perceived mobility on satisfaction. The results from this
study suggest that amongst three IVs only post usages perceived mobility significantly
explained satisfaction [19]. However, none of the existing work has examined effects of
actual or self-reported usage on satisfaction, which is an important consideration.
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3.5 Antecedents of Continuance Intention

Like satisfaction, only two studies [45] examined antecedents of continuance intention.
[45] examined the role of flow, satisfaction and trust and found that all three constructs
had a significant influence on continuance intention. [46] study suggests that flow,
performance expectancy and trust had a significant influence on continuance intention.

4 Concluding Discussion, Limitations and Future Research
Directions

This study conducted a review of digital payments antecedents used to explain con-
sumer attitude, intention, usage and satisfaction. The following salient points emerged
from this literature analysis:

• Several studies have examined behavioural intention of consumers to adopt DPMs
but very few studies attempted to examine usage. In early stages of digital payments
adopters were very few so it was appropriate to focus on determining intention than
actual usage behaviour. However, penetration and adoption of digital payments are
now increasing so it is important to focus on usage/use behaviour.

• Theories and models, which are only partially utilised, suggest that theory testing
and extension is weak in this emerging area of study. For example, not all constructs
from UTAUT or UTAUT2 have been utilised. Mainly PE and EE have been tested
followed by SI and very few studies tested the role of FC. For adequate contribution
to theory as much as possible, all elements of a theory should be included in the
empirical work.

• TAM is tested by several studies. This is a parsimonious model and good for
applying in organisational settings but less suitable for examining complex domain
such as consumer adoption of DPMs, where issue is not just limited to usefulness
and ease of use but there are also other concerns such as trust, security, privacy,
risks, anxiety and self-efficacy. Therefore, it is important to apply a more com-
prehensive theory in this domain.

• Attitude has been examined by a number of studies and found significant, which
means it is a relevant construct but guiding theories such as TAM, UTAUT,
UTAUT2 don’t have this construct. However, a recent modification of UTAUT [8–
10, 30, 31] has demonstrated that attitude plays a central in UTAUT model. Future
studies recommended to adopt a simpler yet comprehensive UTAUT [8, 9] or other
such alternative for guiding model for their empirical work.

• It is also important that future studies should also consider examining satisfaction
and continuance intention as these aspects have not been examined yet, but they are
vital for growth and sustainability of digital payments ecosystem.

• Existing studies have mainly examined mobile payment methods. Future studies
should also focus on examining other forms of digital payment methods for a
holistic development of digital payments ecosystems and emerging FinTech
applications.
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This review was based on literature search using only Scopus database, so studies
that are not indexed in this database may have been excluded. Future literature reviews
should consider other databases to address the limitations of this study. This study has
provided only descriptive review of factors. Future studies should consider undertaking
meta-analysis of existing results for estimating cumulative effect size to overcome
problem of inconsistences and errors, which can help to formulate robust conclusions
about influence of different factors.
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Abstract. Electronic word of mouth (eWOM) plays an important part in our
everyday life. When seeking information online through eWOM, our attitude
towards specific information is inevitably affected by a wide range of factors and
motives. Identifying and studying how motivations to seek eWOM affect our
attitude towards said information may play a role to help us devise strategies to
deal with new products, services and technologies as they are released in to the
wild and get exposure to consumers. The aim of this research is to develop a
model to study how certain specific motivations may affect the attitude indi-
viduals hold towards eWOM information. This paper develops a set of
hypotheses to help evaluate how motivations affects the information seeker’s
attitude towards the information. Future empirical research will test the proposed
hypotheses to advance our understanding of the role of motivations when
seeking eWOM information.

Keywords: Electronic word of mouth � eWOM � Attitude towards information
Information seeking � Motivations

1 Introduction

The advent of the Internet, social media and the advancements in e-commerce-type
transactions (and related security technologies development) have provided traditional
word of mouth communication with the new, powerful approach of electronic word of
mouth (eWOM), to greatly support the process of information seeking. Ismagilova
et al. [1] provide a thorough and comprehensive compendium on eWOM, starting with
a new and improved definition: “the dynamic and ongoing information exchange
process between potential, actual or former consumers regarding a product, service,
brand or company, which is available to a multitude of people and institutions via the
Internet” (p. 18).

The eWOM related research field is now being populated with a substantial body of
empirical evidence that shows the significant impact eWOM has within consumer
behaviour and information process behaviour. In particular, in previous studies sig-
nificant evidence has been produced showing the impact of eWOM on information
adoption [2], intention to buy [3], information overload [4], and change in consumer’s
attitude [5].
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Most of the studies on eWOM communications paid attention on changes in
consumer’s attitude towards products [5], brands [6] or website [7]. However, the
existing literature has not thoroughly identified and investigated which factors affect
attitude towards information. Additionally, a limited number of studies has investigated
how motivations to search for online information affect consumer’s attitude towards
information. Since consumers’ attitude can influence consumers’ decision making and,
as a result, sales [8], the study of the factors affecting consumers’ attitude has
importance from both theoretical and managerial perspectives. The identification and
study of how motivations to seek eWOM affect our attitude towards said information
may play a role to help us devise strategies to deal with new products, services and
technologies as they are released in to the wild and get exposure to consumers. As a
result, the aim of this research is to develop a model to study how certain specific
motivations may affect the attitude individuals hold towards eWOM information.

Previous studies found that motivations to engage in eWOM can affect frequency
of eWOM communications and intention to buy. However, the impact of motivations
to seek information on consumer’s attitude towards information has, to the best of the
author’s knowledge, so far not been investigated. In-depth understanding of factors
affecting consumer’s attitude can improve information adoption, intention to buy and,
as a result, level of sales. In light of the potential substantial impact of such factors on
information adoption, intention to buy and resulting sales, the development of a con-
ceptual model on motivations to seek information and attitude towards information will
advance understanding of information processing.

The aim of this paper is to present a conceptual model of the relationships between
motivation to seek eWOM communications (e.g. social approval, social interaction
benefit, risk reduction, reduction of search time and effort, and getting product (usage)
information) and attitude towards information. The rationale of this paper is that dif-
ferent motivations can influence consumer’s attitude towards information. The fol-
lowing section explores the key literature on attitude and motivations to seek eWOM
communication. Next, the conceptual model and hypotheses are presented. Finally, the
paper is concluded and directions for future research are outlined.

2 Literature Review

Attitude is defined as an evaluation of an entity with some degree of disfavour or
favour [9]. Existing studies on eWOM communications found that eWOM commu-
nication can influence reviewer’s attitude towards products [10], brands [6], websites
[7]. Researchers found consumers’ attitude to be influenced by different factors, such
as: source credibility, message format, quality, type of message, volume, valence,
extremity, and subjectivity [10–13]. There is, however, a lack of studies that have
investigated how motivations to seek eWOM can influence consumer’s attitude.

Previous studies found that there are several motivation for seeking eWOM com-
munication, such as risk reduction, social approval, reduction of search time and effort,
getting product (usage) information and social interaction benefits [14, 15]. Some
researchers also investigated the connection between motivations to seek eWOM and
behavioural intentions/ consumers behaviour. For example, Hennig-Thurau et al. [14]

54 D. Doneddu



investigated the motivations for consumers to retrieve other consumers’ online artic-
ulations, and their impact on consumer buying and communication behaviour. Fur-
thermore, again Hennig-Thurau et al. [16] studied the motives of consumers’ online
articulations and their resulting behaviour (frequency of platform visits, number of
comments).

Scholars call for further investigation on the effect of motivations on consumers’
behaviour [14]. Thus, the focus of this research, which emphasises its original con-
tribution to knowledge enhancing the theory of information processing, is to investigate
the effect of motivations to seek eWOM communications on perceived attitude towards
information, an aspect which has not been studied before.

3 Conceptual Model

This section discusses each of the constructs of the proposed research model and
presents the proposed hypotheses. The research model (see Fig. 1) is based on the
framework proposed by Henning-Thurau et al. [14], which identified the main moti-
vations for people to seek information online.

3.1 Social Approval

According to Hennig-Thurau et al. [14], social approval is connected to information
search process for the social function of consumption. Individuals search for eWOM
communication in order to buy a product/service which is accepted by other people.
Furthermore, using eWOM communications individuals can compare their existing

Fig. 1. Proposed research model
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ideas about a product/service with other people or receive other individuals’ approval
of the purchase decision [14, 17]. Previous studies found that social approval is one of
the motivations for people to search for articulations of others online [14, 18–21]. It
was also found that social approval influence consumer’s behaviour online [14, 19]. As
a result, it is proposed that:

H1: Social approval has a positive effect on consumer’s attitude towards eWOM
communications.

3.2 Social Interaction Benefits

By using the Internet individuals can have a sense of belonging to a community by
looking for other consumers’ postings on online eWOM platforms. When investigating
motivations to search information about product/services, online previous studies found
that the benefits of social interaction motivate consumers to seek eWOM and affect
online consumer behaviour [15, 22]. The following hypothesis is proposed:

H2: Social interaction benefit has a positive effect on consumer’s attitude towards
eWOM communications.

3.3 Risk Reduction

Individuals use eWOM communication to decrease the perceived risk in decision
making [23]. Previous studies found that people rely on interpersonal sources of
information when they perceived a purchase as risky [24]. eWOM information gives
people an opportunity to get clarification and feedback which will decrease their
decision making uncertainly about a product or service. As a result, using information
from eWOM communication allows receiver of this information to build confidence in
purchase decision and reduce perceived risk of the purchase [25]. Previous studies
found that risk reduction is one of the main motivations for people to read online
information from others on Internet [14, 19, 22, 23, 26–28]. It was also found that risk
reduction influences consumers’ behaviour online [14]. As a result, the following
hypothesis is proposed:

H3: Risk reduction has a positive effect on consumer’s attitude towards eWOM
communications.

3.4 Reduction of Search Time and Effort

Individuals use eWOM communication to reduce search time and effort in making
purchase decisions [23]. High volume of available information online and a wide range
of products/services can make consumers face difficulties when it comes to know all
the available alternatives [17]. eWOM can be a convenient way to obtain necessary
buying-related information with time reduction on searching activities. Previous studies
found that reduction of search time and effort is an important motivation for people to
seek information using eWOM communications and it has an impact on consumer
behaviour online [14, 15, 19, 22, 29]. Thus, the following hypothesis is proposed:
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H4: Reduction of search time and effort has a positive effect on consumer’s attitude
towards eWOM communications.

3.5 Getting Product (Usage) Information

Individuals read eWOM communication to receive product-related information [14].
By using eWOM communications people can get information about new
products/services and learn how to use them. It was examined by previous studies that
getting product (usage) information influences people to seek for information online
[22, 23], which could lead to a change in attitude towards eWOM communications.

Thus, it is proposed that:

H5: Getting product (usage) information has a positive effect on consumer’s attitude
towards eWOM communications.

4 Conclusion

The aim of this research is to develop a conceptual model to study how certain specific
motivations may affect the attitude individuals hold towards eWOM information.
Based on the framework proposed by Hennig-Thurau et al. [14], this paper develops a
set of hypotheses to help evaluate how motivations affects the information seeker’s
attitude towards the information. Investigating the impact of motivation on attitude
towards information is important for marketers. It has been previously shown that
attitude towards eWOM communications affects information usefulness, which in turn
affects information adoption and intention to buy [30]. Understanding how motivations
can lead to a positive or negative attitude towards information will help to gain a
greater understanding of eWOM communications by investigating determinants of
attitude towards eWOM information, which will lead to the development of better
marketing strategies. The findings from this study will lead to a richer understanding of
the factors which affect consumer’s attitude towards information and this research will
therefore advance current understanding of the role of motivations to seek eWOM in an
information seeking situation. The next step for this research is to validate the proposed
hypotheses as follows: (1) data collection using questionnaires (2) Structural equation
modelling to be used to test hypothesised relationships among constructs, using the
SPSS® Amos software from IBM®.
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Abstract. Electronic word of mouth (eWOM) plays an important part in our
everyday life. eWOM communications have been shown to affect the adoption
of information, thus affecting the information seeker’s decision-making. Iden-
tifying and studying how motivations to seek eWOM affect information adop-
tion can prove beneficial in aiding new product, services and, in general,
technology strategy development and adoption. This research aims at devel-
oping a model to investigate how certain specific motivations may affect the
adoption of information sought through eWOM. This paper develops a set of
hypotheses to help evaluate how motivations affect the information seeker’s
adoption of the information sought, based on the moderating effect of gender.
The paper improves on the knowledge of factors affecting information adoption
and the impact of gender, and thus help advance our understanding of consumer
behaviour online and information processing. Future empirical research will test
the proposed hypotheses to advance our understanding of the role of motivations
when seeking eWOM information.

Keywords: Electronic word of mouth � eWOM � Information adoption
Information seeking � Motivations

1 Introduction

Consumers face difficulties when making online purchase decision due to limited
information about the products/services provided by sellers [1]. Thus, more consumers
use electronic word of mouth communications in their decision making process.

eWOM is defined by Ismagilova et al. [2] as “the dynamic and ongoing information
exchange process between potential, actual or former consumers regarding a product,
service, brand or company, which is available to a multitude of people and institutions
via the Internet” (p. 18). eWOM communications have significant impact on consumers
and their behavior and it has received much attention from researchers. It was found
that eWOM can affect individuals’ information adoption [3, 4] which could influence
attitude towards product or services [5, 6], intention to purchase [7, 8] and result in
sales [9, 10]. It is therefore important to investigate consequences and factors affecting
information adoption, as it will advance understanding of consumer behaviour.

The majority of studies investigated factors affecting consumers’ information
adoption, such as source credibility [3] and quality [11] of the message, to name but a
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few. However, there is a lack of research and evidence of how motivations to receive
eWOM communications can influence information adoption. Previous research found
that motivations to receive eWOM can influence intention to buy, intention to engage
in eWOM and frequency to platform visits [12]. Nevertheless, the influence of con-
sumers’ motivations - to receive eWOM - on information adoption has not been studies
by previous research. It is important to know the factors affecting information adoption,
as it will help advance the understanding of consumer behavior and serve marketers in
their endeavors to develop strategies to influence consumers’ purchase decision in turn
influencing the level of sales. Thus, the aim of this research is to investigate how
motivations to receive eWOM will influence information adoption by developing a
conceptual model to advance the understanding of information processing.

The rest of the paper is structured as follows. Next section explores the key liter-
ature on information adoption and motivations to receive eWOM communication. The
subsequent section introduces the conceptual model and presents the related
hypotheses. Finally, the paper is concluded and directions for future research are
outlined.

2 Literature Review

Information adoption is the extent to which people accept and use eWOM commu-
nication in making purchase decisions [3, 13]. Studies on eWOM communications
investigated that eWOM communications can influence information adoption [14–16].
Scholars identified different factors which can affect information adoption, such as
source credibility, argument strength, information comprehensiveness, information
consistency, quality, source attractiveness, homophily and valence [11, 15–18].
However, none of the studies investigated how motivations to seek eWOM commu-
nication can affect information adoption.

Researchers identified several main motivations for consumers to seek eWOM
communications, such as risk reduction, social approval, reduction of search time and
effort, getting product (usage) information and social interaction benefits [6, 19–21]. It
was found by previous studies that motivations to receive eWOM communications
affect consumer behaviour [12, 20], for example, consumers’ intention to buy and
communication behaviour resulting in frequency of platforms visits and number of
comments.

Studies on eWOM communication call for further examination of the impact of
motivations to receive eWOM communications on consumer’s behaviour [20]. As a
result, this paper focuses on the effect of specific motivations to receive eWOM
communications on information adoption. This has not been researched before;
shedding some light on the relationships investigated will help to enhance the theory of
information processing.
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3 Development of the Conceptual Model

This section introduces and discusses each of the constructs of the proposed research
model. The proposed conceptual model is based on Hennig-Thurau et al. [20] frame-
work of motivations to receive eWOM and proposes that motivations influence
information adoption and are moderated by gender (Fig. 1).

3.1 Getting Product (Usage) Information

According to Hennig-Thurau et al. [20] people seek eWOM information in order to get
product-related information. Due to the fact that eWOM is provided by people who
bought and used the product, receivers of information find it more relevant in com-
parison with information provided by companies. Individuals can obtain information
about new products and services, solve problems associated with using
products/services and learn how to consume the products [22]. Since it was found by
previous studies that motivations to seek eWOM can results on consumer’s behavior,
the following is proposed:

H1: Getting product (usage) information has a positive effect on consumer’s
information adoption.

Fig. 1. Proposed research model
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3.2 Reduction of Search Time and Effort

Nowadays consumers are faced with a high volume of available information online and
a wide range of available products and services. Consumers might, as such, experience
difficulties in knowing all the alternatives available to them [23]. eWOM communi-
cations can help consumers get the needed buying-related information with a reduction
of time on search activities. Researchers investigated that reduction of search time and
effort motivates people to receive information using eWOM communications and can
influence their behaviour online [6, 20, 24]. As a result, it is proposed that:

H2: Reduction of search time and effort has a positive effect on consumer’s
information adoption.

3.3 Risk Reduction

Consumers rely on eWOM communications to minimise the perceived risk associated
to making buying decisions [19]. eWOM communications provide individuals with
clarification and feedback opportunities and minimise uncertainty before buying and
using particular products or services [25]. Researchers found that risk reduction is one
of the main motivations for people to receive eWOM communications and that risk
reduction also influences consumers’ online behaviour [6, 20, 26, 27]. Thus, the fol-
lowing hypothesis is proposed:

H3: Risk reduction has a positive effect on consumer’s information adoption.

3.4 Social Interaction Benefits

Previous studies found that social interaction benefit motivates people to seek eWOM
communications, as individuals can participate in other consumers’ shopping experi-
ence and derive a sense of belonging to an online community [20, 21, 27]. Further-
more, it was found that social interaction benefits influence online behaviour [20].
Thus, the following it proposed:

H4: Social interaction benefit has a positive effect on consumer’s information
adoption.

3.5 Social Approval

Consumers have a motivation to seek information through eWOM communications to
buy products or services accepted by other individuals. Additionally, by using eWOM
communications consumers can become aware of a social image of a product or a
service, as well as compare their thoughts and opinions about them with other indi-
viduals [20, 23]. Researchers on eWOM communications found that social approval
plays an important role for people’s motivation to look for eWOM of others on Internet
[6, 20, 28]. Studies found that social approval can influence consumers’ behaviour on
Internet [6, 20]. As a result, it is proposed that:

H5: Social approval has a positive effect on consumer’s information adoption.
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3.6 Gender

Number of studies found that there are gender differences in internet use [29] and
information processing [6, 30, 31]. For example, Bem [30] investigated that men and
women use different cognitive attributes for information encoding and problem solving.
Another study conducted by Meyers-Levy [31] found that men focus on concrete,
objective cues such as form and physical attributes, while women pay more attention to
the message content and react to more subtle cues in messages. Kim et al. [6] found that
men and women have different motivations to seek eWOM communications. So, based
on the previous studies the following hypothesis is proposed:

H6: Gender has a moderating effect on the impact of motivations to seek eWOM on
information adoption

4 Conclusion

This study aims to develop a conceptual research model in order to examine how
motivations to receive eWOM communication affect information adoption based on
moderating effect of gender. Through the application of the framework proposed by
Hennig-Thurau et al. [20] this study developed a set of hypotheses which aim to
examine how consumer’s motivation to receive eWOM influence their information
adoption as well as the role gender plays in it. Studying the influence of motivations on
information adoption has important implications for both theory and practice. It will
improve current state of knowledge of factors affecting information adoption and the
impact of gender, which will advance theory of information processing. Thus, it will
help researchers to advance the knowledge and understanding of consumer behaviour
online. Marketers can use this study to develop better marketing strategies to influence
information adoption, which will influence consumers purchase decisions, ultimately
resulting in increased sales [32].

The next steps to be undertaken in order to validate the proposed hypotheses will be
to collect information online using questionnaires and to apply structural equation
modelling to analyse the collected data using the IBM® SPSS® Amos software.
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Abstract. The classical public-key schemes are based on number theory, such
as integer factorization and discrete logarithm. In 1994, P.W. Shor proposed an
algorithm to solve these problems in polynomial time using quantum computers.
Recent advancements in quantum computing open the door to the possibility of
developing quantum computers sophisticated enough to solve these problems.
Post-quantum cryptography (PQC) is resistant against quantum attacks. The aim
of this paper is to evaluate the performance of different post-quantum public-key
schemes for constrained-resources smart mobile devices; and to give a com-
parison between the studied post-quantum schemes in terms of computational
time, required memory, and power consumption.

Keywords: Post-quantum cryptography � Public-key encryption
Public key signature � Performance � Mobile devices

1 Introduction

The classical public-key algorithms used today to secure user data and networking
communications (e.g. Internet, mobile, etc.) are based on number theory. For example,
the RSA cryptosystem is based on integer factorization problem, and the Diffie-
Hellman scheme is based on discrete logarithm problem. In 1994, Shor [31] proposed
an algorithm to solve these problems in polynomial time using quantum computers.

In 2015, the National Security Agency (NSA) [27] announced that it is working
with several partners to develop quantum-resistant encryption algorithms. In 2016, the
NIST (National Institute of Standards and Technology) [29] has started the process of
developing, evaluating, and standardizing one or more public-key post-quantum
cryptographic algorithms. It’s crucial to re-evaluate the existing cryptographic schemes
which are used to protect information, and to improve quantum-safe cryptography.

The quantum computing is not a future project but it already exists in the real-
world. The D-Wave Systems Inc. [11] was the first company that commercialises
products based on quantum computing principles that are being used by some of the
important advanced organizations, including Google and NASA Ames. In 2017, this
company developed the D-Wave 2000Q system which is a quantum annealer that has
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up to 2048 qubits and 5600 couplers. It can solve larger problems in various areas, such
as machine learning, financial analysis, optimization and security. In security, this
quantum computer can carry out factoring integers, detects computer viruses and
network intrusion.

Nowadays, there are various classes of post-quantum public-key cryptography,
including:

– Code-based cryptography: The classic example is McEliece cryptosystem based
on Goppa codes [25]. It uses error correcting codes to generate public key from
private matrices with intentionally added errors. It is employed in the construction
of diverse cryptographic schemes and it does not need any cryptographic processor.

– Lattice-based cryptography: The most basic lattice problem is the shortest vector
problem (SVP), given an arbitrary basis of lattice, the goal is to find the shortest
nonzero vector in it. NTRU scheme [19] is one of the most interesting lattice-based
variants.

– Multivariate-based cryptography: It uses a set of multivariate polynomial
equations that are based on the multivariate quadratic (MQ) Problem. One of its
many interesting schemes is Rainbow public-key signature scheme which was
proposed by Ding and Schmidt [13] in 2005.

– Hash-based cryptography: It is based on so-named one-time signature (OTS), a
single key pair must only be used once. it requires a cryptographic hash function to
create a public-key signature. For example, Winternitz onetime signature (W-OTS)
[14] that relies on collision resistance, which means that using the same private-key
to sign multiple documents will not yield a similar signature.

– Isogeny-based cryptography: This category was introduced as a solution to
breaking elliptic curve cryptography by Shor’s algorithm. Isogeny problem is to
find the isogeny mapping between two elliptic curves with the same number of
points. NIST [6] stated that not enough analysis has been done prove the claimed
security.

Post-quantum cryptography (PQC) is resistant against quantum attacks and its
computational complexity is of type NP-hard problem. Recently, there are several
security protocols based on PQC have been presented, such as [7–9, 24]. In the context
of smart mobile technology, to secure user data and mobile communication, it is crucial
to implement efficient cryptographic primitives. In the other hand, the most important
problem is the limitation of resources, storage, processing, and power.

The aim of this paper is to survey the post-quantum public-key algorithms in
regards to their efficient in smart mobiles. We evaluate their performance in terms of
computational time, required memory, and power consumption. Moreover, we compare
the different PQC in terms of performance and security.

The rest of this paper is structured as follows: Sect. 2 presents related works.
Section 3 presents post-quantum encryption schemes. Section 4 presents post-quantum
signature schemes. The experimental results is detailed in Sect. 5. We discuss of
obtained results in Sect. 6. Finally, conclusion has been presented in Sect. 7.
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2 Related Works

An important number of studies have been realised in order to present efficient
implementation of post-quantum cryptography in constrained resource devices. In the
rest of this section, we introduce some research efforts in this area.

Eisenbarth et al. [15] investigated the efficient software implementation of
McEliece scheme on embedded systems, low-cost 8-bit AVR microprocessor and a
Xilinx Spartan-3AN FPGA. Hayes [17] evaluated different implementation possibilities
for McEliece, Niederreiter, and their variants. In addition, He evaluated the perfor-
mance of the schemes using various types od codes on smartcard class microcontrollers
and a range of FPGAs. Wang et al. [34] improved the previous implementations of
Niederreiter encryption scheme in terms of efficiency and security level by presenting a
new implementation using binary Goppa codes in FPGA.

About the implementation of PQC on mobiles devices, Tayoub et al. [33] imple-
mented NTRU scheme and other classical public-key schemes on Android mobiles,
and evaluated their performances in terms of timing and memory occupation. In 2016,
Boledovič and Varga [4] implemented McEliece encryption scheme in messenger
application of Android operating system by using Bouncy castle provider.

3 Post-quantum Encryption Schemes

Post-quantum encryption scheme is used to safeguard the confidentiality of stored and
exchanged information. It consists of three processes: key generation, encryption, and
decryption. The key generation process creates a key pair consisting of a public and a
private key. The public-key is used to encrypt a plaintext and the private-key, to
decrypt a ciphertext. Various post-quantum encryption schemes subsequently designed
are presented below.

3.1 McEliece Scheme

In 1978, McEliece [25] introduced the first public key cryptosystem (PKC) based on
coding theory. The security of McEliece scheme is based on the problem of compu-
tational dual decoding syndrome. Let C[n, k, t] be a binary linear code, where n is
length, k is dimension which stands as a generator matrix G. C can correct up to
t errors.

The McEliece encryption scheme is defined as follows:

Key Generation:

– Generate three private matrices, a generator matrix G0 2 F
k�n
2 of a binary Goppa

code C, a permutation matrix P 2 F
n�n
2 and an invertible matrix S0 2 F

k�k
2 ,

– Compute the public-key matrix G = S0G0P, which is another valid generator matrix,
– The private-key is (S0, G0, P, A(.)), where A(.) is a polynomial-time decoding

algorithm,
– The public-key is (G, t).
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Encryption: To encrypt a message m 2 F
k
2

– Generate an error vector e 2 F
n
2 of weight wt(e) � t,

– Compute the codeword c 2 F
n
2 where c is mG and the plaintext is m 2 F

k
2,

– The cryptogram c0 = c ⊕ e.

Decryption: To decrypt a cryptogram c0

– Compute z = c0P−1,
– y = A(z),
– Output m = yS0−1.

3.2 Niederreiter Scheme

Niederreiter encryption scheme [28] introduced the dual version of McEliece encryp-
tion scheme. This variant is based on the syndrome decoding SD − problem using the
parity check matrix. The important advantage of this scheme compared to McEliece is
reduction of the public-key size from k � n to n � (n − k). The Niederreiter
encryption scheme is defined as follows:

Key generation:

– Parameters: n, t 2 N, where t < n

– Generate a parity check matrix H0 2 F
ðn�kÞ�n
2 of a binary linear C,

– Generate a permutation matrix P 2 F
n�n
2 ,

– Generate an invertible matrix Q 2 F
ðn�kÞ�ðn�kÞ
2 ,

– Private-key: (Q, H0, P, A(.)) with A(.) a decoding algorithm until d
2 errors,

– Public-key: H 2 F
ðn�kÞ�n
2 :¼ QH0P and t integer \ d

2.

Encryption: To encrypt message m

– decode m to error vector e 2 F
n
2 with wt(e) = t,

– c0 := HTe,
– output ciphertext c0.

Decryption: To decrypt cryptogram c0

– Q−1c0 := Q−1QH0(Pe),
– compute P−1(Pe),
– encode e into message m.

3.3 McE Kobara-Imai Scheme

Kobara and Imai [23] proposed modified versions of McEliece scheme that can be
proven to be semantically secure against adaptive chosen-ciphertext attacks (CCA2). In
addition, their conversion c (Algorithm below) uses the entropy in the error vector, to
decrease the overhead of data further.

The McE Kobara-Imai scheme (Kobara-Imai conversion c for the McEliece
scheme) is defined as follows:
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Encryption: To encrypt a message m

– r := Rand,
– y1 := Gen(r) ⊕ (m k Const) where Gen(.) is a random number generator and Const

is a public constant,
– y2 := r ⊕ Hash(y1),
– (y5 k y4 k y3) := (y2 k y1),
– z ← Conv(y4) where Conv(.) a constant weight encoding function,
– Output the cryptogram c := y5 k y2G ⊕ z.

Decryption: To decrypt a cryptogram c

– c := y5kc0,
– y3 := DecryptMceleice(c0),
– y3G ⊕ y0,
– y4 := Conv−1(z),
– (y2 k y1) := (y5 k y4 k y3),
– r := y2 ⊕ Hash(y1),
– (x˜kConst0) := y1 ⊕ Gen(r),
– if Const0 == Const return x := x˜,
– else return ⊥.

3.4 NTRU Encryption Scheme

The NTRU cryptosystem was published by Jeffrey Hoffstein and Jill Pipher and Joseph
Silverman in 1998 [19] and it was standardised by IEEE in 2008. NTRU uses a public
parameter N to specifies the size of the polynomials used, a large modulus q and a
smaller modulus p. The sender creates a pair of a public and a private key by generating
two polynomials f and g, where f is invertible modulo both p and q.

The NTRU encryption scheme is defined as follows:

Key Generation:

– Parameters: N, q, p, where N and p prime, gcd(p, q) = gcd(N, q) = 1
– randomly choose two private polynomials f and g in the ring
– Private key: consists of the polynomials f and fq := f−1 mod p
– Public key: h := p � fq � g mod q where fq := f−1 mod q

Encryption: To encrypt a message m

– generate a random polynomial r
– c := p � r � h + m mod q
– The cryptogram is the polynomial c

Decryption: To decrypt a cryptogram c

– a := f � c where the coefficients of a lie between q/2 and q/2
– b := a mod p
– m := fp � b mod p
– output m
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4 Post-quantum Signature Schemes

The digital signature scheme is a cryptographic primitive that provides publickey
message authentication. It consists of three processes, key generation, signature gen-
eration, and signature verification. The key generation process creates a key pair
consisting of a public and a private key. The private-key is used to sign a document and
to generate a signature when the public-key is used to verify this signature. In this
section, we present four important post-quantum digital signatures: Niederreiter CFS,
NTRUSign, Rainbow, and XMSS.

4.1 Niederreiter-CFS Signature Scheme

A signature scheme based on the Niederreiter encryption scheme was introduced by
Courtois, Finiasz and Sendrier in [10]. The idea of the Niederreiter-CFS scheme is to
frequently hash the message, randomized by a counter of bit-length i, until the output is
a ciphertext that can be decrypted. To determine the error vector, the signer uses his
corresponding private key, and with the current value of the counter, the error vector
will then serve as a signature. This signature scheme has the following parts:

The Niederreiter-CFS signature scheme is defined as follows:

Signature: To sign the document d

1. i ← i + 1,
2. s0 := A(Q−1h(h(d)ki)),
3. if no x0 was found go to 1 else output (i, x0P).

Verification: To verify the (i, x0P)

– s0 = Hx0T,
– s = h(h(d)ki),
– If s0 and s equals, then the signature is valid.

4.2 NTRU Signature Scheme

The NTRU Signature scheme, also known as NTRUSign was presented in [18], it’s
based on the GGH signature scheme. NTRUSign includes mapping a message to a
random point in 2 N-dimensional space, with N being a parameter, and solving the
closest vector problem (CVP) in a lattice which is related to the NTRUEncrypt lattice
problem.

The NTRU signature scheme is defined as follows:

Key Generation:

– pick two short polynomials h and f in ring R,
– find (F, G) with f � g − g � F = q,
– Private key: (f, g, F, G),
– Public key: h := g � f−1 mod q with f is invertible in Rq.
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Signature: To sing the document d

– t := 0
– Repeat

1. t := t + 1,
2. µ := Hash(dkt) 2 Rq,

3. x; yð Þ :¼ 0; lð Þ G F
�G f

� �
,

4. s := − x � f − y � g,

– until k(s, s � h − d) k � N,
– return (s, t).

Verification: To verify (d, s, t)

– µ := Hash(dkt),
– if k(s, s � h − d)k � N then the signature is valid.

4.3 Rainbow Signature Scheme

In 2005, Ding and Schmidt [13] proposed a public-key signature scheme named
Rainbow, which is based on the idea of Oil and Vinegar variables. The idea of Oil and
Vinegar variables is one way to create easily invertible multivariate quadratic systems.

The Rainbow signature scheme is defined as follows:

Key Generation:

– Private key: Two invertible affine maps L1 and L2 and the map F = (fv1+1(x),…,
fn(x)). The number of components of F is m = n − v1,

– Public key: The composed map P(x) = L1 ◦ F ◦ L2.

Signature: To sign a document d

– h := hash(d),
– x :¼ L�1

1 ðhÞ,
– y := F−1(x) where F−1(x) means finding one pre-image of x,
– z :¼ L�1

2 ðyÞ,
– output: the signature z.

Verification: To verify z

– h0 := P(z),
– h := hash(d),
– if h0 = h then the signature is valid.

4.4 XMSS Scheme

The eXtended Merkle Signature Scheme (XMSS) was proposed by Buchmann et al. [5]
in 2011. It is a hash-based digital signature system that is a variant of the Merkle tree
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scheme and it is forward secure. Recently, IETF has published XMSS as informational
RFC (RFC 8391).

The XMSS signature scheme is summarized as follows:

Key Generation:

– Private key: It consists of a cryptographic seed for a pseudorandom function,
PRNG. Using PRNG function, create the WOTS Key pair and the leaf index
i corresponding to the next W-OTS keys to be used,

– Public key: It contains bitmasks and the root node value used in the transitional
levels of the hash tree.

Signature:

– input: message M, the private-key sk and the index i,
– use the ith W-OTS key pair to sign ith message,
– The signature (r, i, Auth) consists of the W-OTS signature r, index i, and the leaf

node authentication path Auth,
– the authentication path contains the hash values of H different nodes in the XMSS

tree,
– the contained leaf index i in the XMSS private-key is updated.

Verification:

– input: a signature (r, i, Auth), a message M and the XMSS public-key,
– verify the W-OTS signature r using the corresponding W-OTS public key,
– verify the authentication path by traversing the tree using Auth to obtain PH,
– If PH is equal to the root node value in the public-key, the signature is valid.

5 Performance Evaluation

In this section, we present the developing environment of different post-quantum
schemes in smartphone and the obtained experimental results.

5.1 Developing Environment

Android smartphones are the most used mobiles. Android is an operating system based
on Linux kernel and other open-source software; written in Java, C and other pro-
gramming languages. It was developed by Google for mobile devices. In this work, we
develop an PQC benchmark set with the studied schemes by using two cryptographic
providers: FlexiProvider [16] and Spongy Castle [32] which is a repackage of Bouncy
Castle for Android platform. This performance evaluation is based on the running time,
required memory, and power consumption for each studied scheme.

For the evaluation of the timing and the memory usage, we used the methods of
java.lang.System and java.lang.Runtime classes, respectively. To measure the energy
consumption of the three processes of each scheme, we used Batterystats which is a
tool included in the Android framework that collects battery data on smartphones.
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We benchmarked the performance of the previously studied schemes on smart-
phone Samsung Galaxy A5, model SM-A500H which is equipped with Exynos 7880
Octa-core 1.9 GHz processor, an internal memory with 3072 MB capacity, and a
battery with a capacity of 3000 mAh. The Android version installed was 6.0.1
Marshmallow.

5.2 Experimental Results

NIST [6] recommends that all data that has to stay secure for more than 10 years should
use a minimum of 128-bits security level. Table 1 describes different parameters used
for each scheme with 128 security.

Table 2 presents the running time (key generation, encryption and decryption) and
energy consumption of different encryption schemes. We mention that the measure of
consumption energy is for all parties of each scheme.

Table 1. Parameters for post-quantum schemes at the 128 bits security level

Scheme Category Parameter References

McEliece
McE Kobara-Imai
Niederreiter
Niederreiter CFS

Code-based (n = 4096, k = 3604, t = 41) [2]

NTRU (Encry and Sign) Lattice-based APR2011_439 [22]
Rainbow Multivariate-based v1 = 36, o1 = 21, o2 = 22 [30]
XMSS Hash-based xmss- sha2 10 256 [20]

Table 2. Computation speed and consumption energy in encryption schemes

Scheme Timing (ms) Energy (mAh)
KeyGen Encryption Decryption

McEliece 320313 11 364 18.3
McE Kobara-Imai 64478 134 463 6.3
Niederreiter 27046 157 475 0.6
NTRUEncry 4052 47 70 0.3

Table 3. Computation speed and consumption energy in signature schemes

Scheme Timing (ms) Energy (mAh)
KeyGen Signature Verification

Niederreiter-CFS 63115 >1 h >1 h –

NTRUSign 4052 262 491 6.3
Rainbow 855157 276 77 42
XMSS 352714 486 199 18
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Table 3 presents the running time (key generation, signature generation and sig-
nature verification) and energy consumption of different digital signature schemes.

For each post-quantum scheme, the required space in terms of pair key, ciphertext
(in encryption schemes) or signature (in signature schemes) and memory usage
(RAM) is showed in Table 4.

6 Discussion

In this work, we evaluate three variants of schemes based on coding theory, McEliece,
McE Kobara-Imai, Niederreiter, and Niederreiter CFS. McEliece encryption scheme
has high-speed encryption process compared to other postquantum schemes. Moreover,
it is easy to implement as it does not need any cryptographic processor. However,
McEliece scheme consumes an important amount of energy (18.3 mAh). McE Kobara-
Imai which is the CCA2 secure conversion of McEliece scheme, led to slower results
because of the added steps to the encryption procedure. Niederreiter scheme performs
better than the McEliece one when it comes to the timing of the decryption process. It
generates the lowest ciphertext sizes, 8 times smaller than any other encryption scheme,
which make it the best scheme when storing or transmitting the ciphertext. Moreover,
McE Kobara-Imai scheme and Niederreiter scheme consume less amount of energy.
The Niederreiter-CFS signature was the worst performing scheme on the signing
process, it used a lot of computational resources and therefore is not suitable for mobile
devices (Table 5).

In the other hand, code-based schemes requires large key sizes especially the
McEliece scheme with an astounding 3.8 MB for a key pair. To avoid this limitation,
quasi-cyclic and quasi-dyadic variants [1, 26] were designed to offer much lower key
sizes. In addition, the generation of pair key is slower than NTRUEncry. We notice that
the code-based cryptography has been recommended by Post-Quantum Crypto Project
of Europe because it “has been studied since 1978 and has withstood attacks very
well” [12].

Table 4. Required space for each scheme

Scheme Pair key(kB) Ciphertext
or signature (Byte)

Memory
usage (MB)Private key Public key

Encryption McEliece 1851.61 1802.05 512 33.57
McE Kobara-Imai 256.29 218.264 512 9.20
Niederreiter 40.074 216.744 62 2.76
NTRUEncry 0.67 0.59 604 0.22

Signature Niederreiter-CFS 40.07 216.74 – –

NTRUSign 0.67 0.59 604 49.01
Rainbow 156.24 136.359 82 4.82
XMSS 2.264 0.063 2499 5.61
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When we compared the code-based schemes to the NTRUEncrypt scheme we
found that NTRUEncrypt offers a balanced execution speeds for encryption and
decryption processes and requires the lowest amount of memory in RAM when per-
forming the operations of encryption and decryption. Moreover, the key length of
NTRUEncrypt is smaller, which is suitable with limited resources of mobiles phones.
In addition, NTRUEncrypt scheme uses the least amount of energy. NTRUSign
scheme is fast in signature generation process and consumes less energy compared to
other post-quantum signature schemes. However, NTRUSign is slow in signature
verification and it occupies the biggest space of RAM memory (49 MB).

The NTRU cryptosystem has been broken by recent attacks that use special
structures of the rings used in those schemes. Recently, Bernstein et al. [3] proposed a
new variant of NTRU, called “NTRU Prime” to avoid the weaknesses of NTRU, and
proved that it is IND-CCA2 secure. They submitted this work to NIST’s “Post-
Quantum Cryptography Standardization Project”.

The Rainbow signature scheme provided the shortest signature, 7 times smaller
than the NTRUSign and 31 times smaller than the XMSS scheme. It is fast and fairly
similar to the NTRUSign scheme in signing operation. Unfortunately, it is the worst
scheme in terms of key pair generation time, key pair size, and consumption energy. In
security, Rainbow scheme is still uncertain.

The verification speed of XMSS was good. It has small private- and publickey and
consumes less energy. However, it provides the biggest signature among post-quantum
signature schemes and its signing speed is very slow. Concerning the security of

Table 5. Advantages and disadvantages of each studied scheme

Scheme Advantages Disadvantages

McEliece – Very fast encryption
process

– Very large key sizes
– High memory usage and energy
consumption

McE Kobara-Imai – More secure McEliece
variant

– Large key sizes

Niederreiter – Lowest cipher text size – Large key sizes
Niederreiter CFS – Resource-intensive signature

generation process
– Large key sizes

NTRUEncrypt – Very fast execution
– Lowest key size
– Lowest memory usage and
energy consumption

– Somewhat large cipher text sizes

NTRUSign – Very fast execution
(signature generation)
– Lowest key size

– High memory usage and energy
consumption (signature generation)

XMSS – Small key sizes – Somewhat large signature sizes
Rainbow – Very fast signature

generation and verification
– Signature size

– Long key generation process
– High energy consumption
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XMSS, Hülsing et al. [21] presented a multi-target attack against hash-based signature
schemes like SPHINCS and XMSS.

Based on our experimental results and discussion, we summarized the advantages
and the limitations of each tested scheme in 5.

7 Conclusion

In this work, we have presented results of performance benchmarks of implemented
different post-quantum schemes on smart mobile devices. Based on the experimental
results, we have compared the studied schemes from the viewpoints of computational
time, required memory, and power consumption.

In code-based cryptography, the encryption operation is faster than other PQC and
it seems to have the most important security, but it uses large keys. Recently, it was
improved to generate small key sizes. The optimisation of de-cryption operation and
the minimization of the consumption energy are further studies.

NTRUEncrypt and NTRUSign schemes gave the best results compared to other
schemes, it should be noted that NTRUSign uses some improvement for memory
consumption when generating digital signatures. The Rainbow scheme is very fast and
it generates the lowest signature sizes, but it takes too long to generate its key pair
which lead to great energy consumptions. The XMSS scheme has lower key sizes, and
acceptable signature generation speeds, however the generated signature is too big and
could use some optimizations in that regard. The most posed problem in NTRU,
Rainbow, and XMSS schemes is the security, there are various detected attacks in these
schemes in the last years.

Finally, we mention that the selection of the post-quantum scheme depends on its
performance, its security, and the context in which it will be used.
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Abstract. This paper investigates the dual effects (i.e. benefits and dangers) of
a social networking site (SNS). Our dependent variables are subjective vitality
and addiction. We employ self-determination theory (SDT), specifically the
concepts of autonomous and controlled motivation and hypothesize that social
enhancement and enjoyment represent autonomous motivation and contributes
to subjective vitality while voyeurism and exhibitionism represent controlled
motivation and contribute to SNS addiction. We test our hypotheses with data
from 289 student Facebook users using Partial Least Squares (PLS). The results
suggest that both social enhancement and enjoyment predict subjective vitality.
In contrast, exhibitionism is the sole predictor of SNS addiction while
voyeurism has no effect.

Keywords: Social networking sites � Addiction � SNS addiction
Subjective vitality � Voyeurism � Exhibitionism � Enjoyment

1 Introduction

Social networking sites (SNSs) have become a prominent venue for social interaction.
Nearly 80% of the Internet users use social networking sites such as Facebook, the
Russian vKontakte or the Chinese equivalent Renren. The most popular SNS, Face-
book, has more than 2 billion users globally.

SNSs offer their users various ways for communication, social interaction and self
presentation (Mäntymäki and Islam 2014, 2016). Good social relationships and inter-
action with other people support one’s psychological well-being. Considering the
number of SNS users globally, it is particularly interesting to investigate to what extent
SNS use supports user’s psychological well-being (Islam et al. 2018). For example,
receiving positive feedbacks on posted content may increase an individual’s self-
esteem and well-being (Valkenburg et al. 2006).

The IS research is traditionally emphasized performance improvement as the main
benefit of IT use (Davis 1989; DeLone and McLean 2003; Venkatesh et al. 2012). The
performance improvement has traditionally been conceptualized as (work) efficiency
gains. In addition, due to the proliferation of hedonic IS and consumer use of IT the
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hedonic outcomes have gained increasing interest (Turel and Serenko 2012; Van der
Heijden 2004; Venkatesh et al. 2012).

However, individual’s psychological well-being as an outcome of IT use, partic-
ularly in the SNS context, has thus far received only limited attention in prior IS
research. To fill this research gap, we explore what increases individuals’ subjective
vitality (i.e., an aspect of well-being) in an SNS use context. In practice, we argue that
social enhancement and enjoyment are the two drivers of subjective vitality.

At the same time, there is an increasing awareness that the accelerated sharing
caused by the pervasive use of social networking sites is not entirely positive but is also
related to adverse phenomena such as voyeurism, exhibitionism (Munar 2010), and
addiction (Andreassen et al. 2012). Prior IS research suggested that hedonic systems
like SNSs, games, etc. would be more addictive than utilitarian system (Turel and
Serenko 2012). In general, technology producing thrills or filling socio-psychological
voids in users’ lives are more addictive than others (Young 2010). By participating in
an SNS, an individual fills his/her social voids and experiences thrills, and thus he/she
becomes addicted to the SNS (Turel and Serenko 2012).

Turel and Serenko (2012) found that majority of prior technology addiction
research investigated the consequences of technology addiction. Technology addiction
can affect adversely on individual, organizational, and societal levels. Possible tech-
nology addiction outcomes include productivity losses (Yellowless and Marks 2007),
health problems (Block 2008), worsening academic performance (Kuss and Griffiths
2011), and additional treatment costs (Xu et al. 2012). There is a lack of research on
understanding antecedents/determinants of technology addiction (Turel and Serenko
2012). To fill this second research gap, we explore factors that might contribute to SNS
addiction. As a result, we place voyeurism and exhibitionism motivations as factors
driving SNS addiction.

To recap, SNS use can bring both benefits and dangers to the users. Therefore, this
paper examines the dual effect of SNS use. In doing so, we extend the scope of IS
research from examining only either benefits (DeLone and McLean 2003; Venkatesh
et al. 2012) or dangers (Turel et al. 2011; Xu et al. 2012) towards a parallel investi-
gation of both positive and negative side of IT use (Mäntymäki and Islam 2016).

The remainder of this paper is organized as follows. In Sect. 2 we present the
theoretical foundations. Section 3 is dedicated to hypotheses development and Sect. 4
presents the research method. Section 5 presents data analysis results and discussions.
Finally, Sect. 6 discusses limitations and future research.

2 Theoretical Foundations

2.1 Subjective Vitality

The concept of vitality has been theorized as an important idea within diverse theo-
retical frameworks (Ryan and Deci 2008). According to the Oxford English Dictionary,
an individual with vitality has vigour and liveliness, a general energy for life. When
vital, individuals experience a sense of enthusiasm, aliveness, and energy available to
the self (Ryan and Fredrick 1997).
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As one cannot, in principle, directly measure the energy available to the self, Ryan
and Fredrick (1997) suggested exploring vitality as a subjective variable. In relation to
this, Akin (2012) defined subjective vitality as the subjective experience of being full of
energy and alive. Furthermore, subjective vitality is considered as an aspect of
eudaimonic well-being, as being vital and energetic is part of what it means to be fully
functioning and psychologically well (Ryan and Deci 2001).

Prior research on psychology and medicine has empirically found that subjective
vitality is robustly associated with both behavioural and health outcomes (e.g., Pennix
et al. 2000; Ryan and Deci 2008; Thayer 1996). This assertion has been supported by
neuroscientific research that has shown that when experiencing vitality, specific con-
figurations in the brain are activated (Barrett et al. 2004). Consequently, subjective
vitality has been linked to other positively toned and energized states such as feelings
of vigour (McNair et al. 1971), calm energy (Thayer 1996), and activated positive
affect (Watson and Tellegen 1985). Vital individuals have been found more active and
productive and possess better abilities to cope with stress and challenges (Ryan and
Deci 2008). In addition, vital individuals are less vulnerable to illness, have better
mental health as well as are more resilient to physical and viral stressors (Pennix et al.
2000; Ryan and Deci 2008).

Ryan and Deci (2008) argued subjective vitality as a complex and dynamic out-
come that is influenced by social and psychological factors. They pointed that social
events could leave even a well-nourished person feeling excited and energized, or
alternatively stressed, angelic, and drained. As SNSs have become an integral part of
people’s social life, it is important for IS researchers to investigate what factors
influence individual’s subjective vitality in the SNS use context.

Prior psychology literature conceptualized subjective vitality in two ways: indi-
vidual difference level (Ryan and Frederick 1997) and state level (Nix et al. 1999). In
this paper, we have adopted the state level conceptualization of subjective vitality (i.e.,
the energy felt during SNS use). Consequently, we define subjective vitality as the
subjective experience of being full of energy and alive during SNS use.

Although the concept of subjective vitality has never been explored in IS research,
we argue that it can be linked to several IS constructs. We suggest two research
directions for IS researchers related to subjective vitality. First, IS researchers may
explore the outcomes of subjective vitality. For example, subjective vitality may
improve individuals’ productivity in an organization, and ability to innovate with IT.
Second, examining the antecedents of subjective vitality such as design features of the
IT artifact or user motivation would be meaningful for IS researchers.

2.2 Addiction

The concept of addiction is frequently used in clinical and behavioural science (Marlatt
et al. 1988). Addiction is defined as a repetitive habit pattern that increases the risk of
disease and/or associated personal and social problems, often experienced subjectively
as “loss of control” [that] continues despite volitional attempts to abstain or moderate
use (Marlatt et al. 1988, p. 224).

Addiction has six symptoms as suggested by prior literature (Brown 1993; Griffiths
2005; Andreassen et al. 2012). These are: (1) Salience: meaning that the activity
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dominates thinking and behaviour; (2) Mood modification: meaning that the activity
modifies/improves mood; (3) Tolerance: meaning that an increasing amount of activity
is required for the purpose of remaining satisfied; (4) Withdrawal: meaning that when
the activity is discontinued or suddenly reduced, the individual experiences panic,
anxiety, agitation, or other unpleasant feelings; (5) Conflict: meaning that the activity
causes conflicts in relationships, in work/studies, and other activities; (6) Relapse:
meaning that the tendency to revert to earlier patterns of the activity after abstinence or
control.

Since the early 1990s, psychology researchers have been investigating the phe-
nomenon of technology dependencies or technology addictions (Kubey and Csik-
szentmihalyi 2002). Technology addictions are a type of behavioural addiction that
does not involve any external chemical substance (Marks 1990). These addictions
mainly occur when human interacts with machines (Widyanto and Griffiths 2006).
They can be classified either as passive (e.g., radios, televisions, etc.) or active (e.g.,
computer games, Internet, online forums, SNSs, etc.), and include inducing and rein-
forcing features which may contribute to promote addictive tendencies (Griffiths 1995).
This implies that Internet addiction or problematic use of the Internet can be viewed as
a type of active technology addictions. Internet addictions like other behavioural
addictions are often manifested through the six symptoms (salience, mood modifica-
tion, tolerance, withdrawal, conflict, and relapse) that have been described above.

In psychology and clinical psychology (Andreassen et al. 2012; Cheung et al.
2013), SNS addiction falls under the broad category of problematic use of the Internet.
Diverse terminologies have been used in prior literature in order to refer problematic
use of the Internet such as “Internet Addiction Disorder”, “Pathological Internet Use”,
“Problematic Internet Use”, “Excessive Internet Use”, “Compulsive Internet Use”,
Cyberspace Addiction, Online Addiction, Net Addiction, Internet Addicted Disorder,
and High Internet Dependency (Widyanto and Griffiths 2006; Douglas et al. 2008;
Cheung et al. 2013). Altogether, as pointed out by Turel et al. (2011), the issue of
problematic use of IT is relatively new in the IS literature, and scientific understanding
of this issue is still evolving.

Young (1996) conducted the first ground-breaking research study on the prob-
lematic use of Internet. Following this, several researchers defined Internet addiction.
For example, Mitchell (2000, p. 632) defines Internet Addiction Disorder as “the
compulsive overuse of the Internet and the irritable or moody behaviour when deprived
of it”. Rice (2005) defined Internet Addiction as a proclivity toward compulsive use of
the Internet that interferes with one’s ability to lead a normal life. Shapira et al. (2003)
conceptualized problematic Internet use as an impulse control disorder in which an
individual experiences rising tension or arousal before Internet use and a sense of relief
or pleasure after completion of the behaviour. Internet addiction is characterized by
one’s inability to control his/her dependence on the Internet, leading to feelings of
distress and functional impairments of daily activities (Shapira et al. 2000). Beard
(2005) defined it as an individual’s psychological state, which includes both mental and
emotional states, as well as their scholastic, occupational and social interactions, is
impaired by the overuse of the medium.

To sum up, all these definitions capture one or more symptoms of behavioural
addictions. This accords with the suggestions to conceptualize addiction using six core
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symptoms of behavioural addictions (e.g., Charlton and Danforth 2007; Davis et al.
2002; Young 1998). Following this, we conceptualize SNS addiction as the degree of a
user’s psychological dependency on the SNS, and the magnitude of the associated
behavioural addiction symptoms.

2.3 Motivations

Social Enhancement
Social enhancement is the value that an individual derives from gaining acceptance and
approval from other SNS members, and the enhancement of one’s social status within
his/her community (Dholakia et al. 2004). Building one’s accurate perceptions of the
self is important for his future mental health (Taylor and Brown 1989). Individuals
generally want to see themselves and be seen by others in a positive light, and thus they
employ different strategies to enhance their social image (McCaslin et al. 2010).
Recognition from others has been found as one of the driving forces behind joining
virtual communities (Hars and Ou 2002).
Horvath and Morf (2010) argued that narcissists and genuine self-esteemed individuals
follow different strategies for social enhancement. Narcissists exploit self-enhancement
opportunities primarily by augmenting self-ratings on positive traits while nonnarcis-
sists self-present themselves more moderately and use more socially accepted dis-
counting of negative traits. In this paper, we conceptualize social enhancement as a
non-narcissistic tendency to present accurate image of oneself in an SNS platform.

Prior IS research has successfully used the concept of image, a variable similar to
social enhancement (Moore and Benbasat 1991; Venkatesh and Davis 2000). It has
been found that individuals’ technology usage behaviour is motivated by image (e.g.,
Venkatesh and Davis 2000).

Hedonic Motivation
Due to the advent of systems such as computer and console games, virtual worlds and
SNSs, hedonic uses of IS have become increasingly important. Hedonic systems aim to
provide self-fulfilling values such as fun, and pleasure to the users. Hence, the focus on
motivational drivers of system use has shifted from extrinsic to intrinsic reflections,
such as perceived enjoyment (Van der Heijden 2004; Turel and Serenko 2012).
Intrinsic motivation refers to the activity spawned by the pleasure of action (Ryan and
Frederick 1997) and drives voluntary activity done for no apparent reinforcement other
than the process of performing the activity per se (de Charms 1968).

Prior IS literature has successfully used the concept of intrinsic motivation. Ven-
katesh (2000) found intrinsic motives are important for system use decisions. Van der
Heijden (2004) even found perceived enjoyment (i.e., an intrinsic motivation) as more
important than perceived usefulness in predicting intention to use hedonic systems.
Perceived enjoyment was also found important predicting habit and engagement in
SNS usage context (Turel and Serenko 2012). Based on these findings, we decided to
use perceived enjoyment as the proxy of hedonic motivation. We conceptualize per-
ceived enjoyment as the extent to which the activity of using an SNS is perceived to be
enjoyable in its own right (Davis et al. 1992).
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Voyeurism
Traditionally, the concept of voyeurism has referred to the sexual interest in or practice
of spying on people who are naked or who are engaged in sexual activities, or other
actions that are usually considered private in nature (Hirschfeld 1938).

The most extreme behavioural manifestations of voyeurism are clinically regarded
as abnormal sexual behaviour. American Psychiatric Association’s (APA) Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV 1994) offers the following psy-
chiatric diagnostic criteria for voyeurism:

A. Over a period of at least 6 months, recurrent, intense sexually arousing fantasies,
sexual urges, or behaviors involving the act of observing an unsuspecting person
who is naked, in the process of disrobing, or engaging in sexual activity.

B. The person has acted on these sexual urges, or the sexual urges or fantasies cause
marked distress or interpersonal difficulty.

Today, as pointed out by Calvert (2000), voyeurism does not necessarily include
sexuality. In the context of media use, Calvert (2000, p. 2) defines voyeurism as “the
consumption of revealing images of and information about other’s apparently real and
unguarded lives, often yet not always for purposes of entertainment but frequently at
the expense of privacy and disclosure, through the mass media and Internet.” Many
everyday activities such as watching reality TV can be driven by voyeuristic motives
without any sexual connotation. In this paper, we conceptualize voyeurism as pleasure
derived by accessing others’ private content in SNSs (Metzl 2004).

Exhibitionism
Exhibitionism refers to self-disclosure “process of making the self, known to others”
(Jourard and Lasakow 1958, p. 91). With regard to exhibitionism, the self-disclosure is
not driven by building trust to develop interpersonal relationships (see e.g. Joinson
et al. 2008). Rather, the self-disclosure is driven by one’s narcissistic tendency (Ames
et al. 2006; Brunell et al. 2011; Carpenter 2012) to demonstrate superiority and to seek
for admiration from other people in order to build a desirable self-image. To this end,
Oxford English Dictionary defines exhibitionism as an extravagant behaviour that is
intended to attract attention to oneself and Webster’s Ninth Collegiate Dictionary
defines it as the act of practice of behaving so as to attract attention to oneself.

As a psychological trait in the general population, exhibitionism is not overtly
negative or harmful like for example manipulation of others or hostility. Rather, it
indicates extraversion and low impulse control (Panek et al. 2013). Furthermore,
exhibitionism is considered as a first order-component of narcissistic personality (Ames
et al. 2006; Raskin and Terry 1988). A combination of self-absorption, vanity, supe-
riority, and exhibitionistic tendencies that illustrates the features of self-love and the-
atrical selfpresentation is labeled grandiose exhibitionism (Ackerman et al. 2011).

Exhibitionism is diagnosed with the following criteria (DSM-IV 1994):

A. Over a period of at least 6 months, recurrent, intense sexually arousing fantasies,
sexual urges, or behaviours involving the exposure of one’s genitals to an
unsuspecting stranger.

B. The fantasies, sexual urges, or behaviours cause clinically significant distress or
impairment in social, occupational, or other important areas of functioning.
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People’s self-disclosure in SNSs can be driven by exhibitionism as a narcissistic
trait (Carpenter 2012). In this paper, we do not consider exhibitionism as a psy-
chopathological condition but conceptualize it as a pleasure derived from disclosing
private information online in order to gain superiority.

3 Hypotheses Development

3.1 The Bright Side: Social Enhancement and Perceived Enjoyment
as Predictors of Subjective Vitality

Prior psychology research differentiated between autonomous and controlled motiva-
tions (Ryan and Frederick 1997). An individual can be motivated to act in a particular
way by external compulsion (i.e., controlled motivations) or out of inwardly endorsed
motives such as personal interests or values (i.e., autonomous motivations). Intrinsic
motivations have been regarded as autonomous by definition, which means that they
are experienced as emanating from one’s self, whereas extrinsic motivations vary in the
degree to which they are autonomous versus controlled (Deci and Ryan 1991).

We argue that social enhancement and hedonic motivations are autonomous.
Actions for enhancing social status and enjoyment in SNSs are self-determined.
Koopmans and Sremac (2011) pointed that presenting authentic self is autonomous.
Based on this, it is logical to assume that the act of enhancing self or building one’s
appropriate image is autonomous. Prior IS research also suggested enjoyment as an
intrinsic motivation (Van der Heijden 2004) and hence it is autonomous by definition
(Ryan and Frederick 1997). Individuals act with an internal perceived locus of causality
in SNSs in order to gain social enhancement, and enjoyment (Deci and Ryan 1991).

When people are intrinsically motivated or autonomously extrinsically motivated,
they will feel their energy enhanced (Nix et al. 1999). Consequently, it is logical to
assume that social enhancement and enjoyment may enhance an individual’s subjective
vitality. Based on this we propose the following two hypotheses.

H1. Social enhancement positively influences subjective vitality

H2. Enjoyment positively influences subjective vitality

We also argue that the other two motivations: exhibitionism and voyeurism are
controlled motivations and hence these would not have any influence on subjective
vitality. Voyeuristic people look for content that they cannot otherwise see in an SNS.
These people do so due to their curiosity or comparing themselves with others to
maintain self-esteem. Exhibitionist people look for opportunities to show that they are
superior to others by presenting a possible self-image in an SNS. They do such
activities because of a pressure to maintain self-esteem. Both voyeuristic and exhibi-
tionistic behaviours are governed by a regulatory process within an individual that is
experienced as a pressure or demand. Prior psychology research suggests that beha-
viours that are executed because of pressure or demand are controlled in nature (Nix
et al. 1999). Thus, exhibitionism and voyeurism are controlled form of behaving and
are not likely to enhance subjective vitality (Deci and Ryan 1991).
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3.2 The Dark Side: Voyeurism and Exhibitionism as Predictors
of Addiction

Prior psychiatric literature suggests that exhibitionism and voyeurism are addictive
sexual behaviours (Coleman-Kennedy and Pendley 2002; Roller 2004). Following this,
we argue that the exhibitionistic and voyeuristic motivations would make individuals
addicted to the SNS.

Prior IS research on addiction suggests that excessive use of IS may develop habit
which eventually lead to addiction (Turel and Serenko 2012). Following this finding,
we argue that voyeuristic and exhibitionistic individuals use SNSs heavily and thus
these people become addicted. The logical basis of this argument is that voyeurism
cannot exist without disclosure whereas exhibitionists require an audience. Both types
of individuals depend on each other (i.e., control each other) in an SNS platform. Both
types of individuals require acceptance from each other to raise their self-esteem
(Silverstein 1996). In the process of gaining acceptance from others, exhibitionistic
people spend huge amount of time to constantly post contents while voyeuristic people
spend huge amount of time to constantly consume contents posted by others. Even-
tually, many people start to post contents publicly over real friends (Kuss and Griffiths
2012). Similarly, many individuals start to consume contents of unknown people.
Spending hours in an SNS can lead to significant behavioural and psychological
problems. For instance, they might feel a compulsion to use the SNS to meet their
exhibitionistic and voyeuristic needs. Consequently, we propose the following two
hypotheses.

H3. Voyeurism positively influences addiction to SNS

H4. Exhibitionism positively influences addiction to SNS

We also argue that the autonomous motivations: social enhancement and enjoy-
ment are not expected to influence addiction. Addictive behaviours are compulsive. It
means that an addict performs his addictive behaviour because he experiences an
irresistible urge to do it. The addict performs the act repeatedly and unable to stop it.
The act is not something that the addict does out of his/her self-choice. This implies
that autonomous motivations are not expected to influence addiction. Koopmans and
Sremac (2011) pointed that addiction might be incompatible with autonomy as
addiction is often been equated with loss of control, powerlessness, and
unmanageability.

3.3 Controlling for Habit

Prior IS literature found habit (i.e., the extent to which people tend to perform beha-
viours automatically because of learning) as a significant determinant of addiction
(Turel and Serenko 2012). Consequently, we decided to control the effect of habit on
addiction and subjective vitality in this paper. Figure 1 below summarizes the
hypothesized relationships.
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4 Study Design

4.1 Instrument Development

The items were measured using five-point Likert scale, with answer choices ranging
from “Strongly disagree (1)” to “Strongly agree (5)”. Items were adopted from the prior
literature with minor changes in wording reflecting the target context. The measures of
habit were adapted from Limayem et al. (2007). The measures of social enhancement
and enjoyment were adapted from Dholakia et al. (2004) and Davis et al. (1992)
respectively. The measures of exhibitionism were adapted from Ames et al. (2006)
while the measures of voyeurism were adapted from Nabi et al. (2006) and Bagdasarov
et al. (2010). Finally, the measures of subjective vitality and addiction to SNS were
adapted from Bostic et al. (2000) and Andreassen et al. (2012) respectively.

After the questionnaire was drafted, it was first sent to two senior scholars for a
review. Based on their comments, some items were adjusted to make the wordings
more precise. The final questionnaire items are shown in Table 1.

4.2 Data Collection

The data was collected with an online survey among student of a Finnish university.
The respondents were randomly selected from a sample that in turn was randomly
selected from student database. The survey was sent to altogether 1,500 respondents.
Altogether 289 usable responses were received. This yielded to a response rate of
19.27%. 68% of the respondents were female.

To investigate the possible non-respondent bias, we ran a series of independent
samples t-tests. The respondents were first divided into two groups based on the median
date of completion of the survey and then compared their responses on subjective

Social
enhancement

H1

H2
Enjoyment

Subjective
vitality

Habit
)control(

Voyeurism

Exhibition-
ism

H3

H4
Addiction

Fig. 1. The research model
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Table 1. Construct items’ averages, standard deviations (std.), and loadings

Construct Item Mean Std. Loading P
value

Habit
(Limayem
et al. 2007)

HABIT1: Using Facebook has become
automatic to me

3.53 1.31 0.888 <0.001

HABIT2: Using Facebook is natural to
me

3.57 1.13 0.880 <0.001

HABIT3: When I want to stay in touch
with my friends, using Facebook is an
obvious choice for me

3.55 1.20 0.806 <0.001

Social
enhancement
(Dholakia
et al. 2004)

SOC1: Using Facebook helps me to
impress other people

2.31 1.05 0.816 <0.001

SOC2: Using Facebook helps me to
express myself

2.75 1.18 0.832 <0.001

SOC3: Using Facebook helps me to feel
important

2.23 1.04 0.844 <0.001

SOC4: Using Facebook helps me to
project a desired image of myself

2.55 1.19 0.825 <0.001

Subjective
vitality (Bostic
et al. Bostic
et al. 2000)

SV1: When I use Facebook, I feel alive 1.79 0.98 0.809/0.822 <0.001
SV2: When I use Facebook, I don’t feel
very energetic

2.56 1.17 0.299 <0.001

SV3: When I use Facebook, sometimes I
feel so alive I just want to burst

1.72 0.78 0.844/0.843 <0.001

SV4: When I use Facebook, I have
energy and spirit

1.95 0.91 0.860/0.854 <0.001

SV5: When I use Facebook, I feel I am
fully living

1.59 0.82 0.830/0.843 <0.001

Addiction to
SNS
(Andreassen
et al. 2012)

ADDICT1: I spend a lot of time thinking
about Facebook or plan use of Facebook

1.51 0.80 0.672/0.706 <0.001

ADDICT2: I feel an urge to use
Facebook more and more

1.45 0.76 0.817/0.809 <0.001

ADDICT3: I use Facebook in order to
forget about personal problems

1.33 0.77 0.567 <0.001

ADDICT4: I have tried to cut down on
the use of Facebook without success

1.66 1.05 0.634 <0.001

ADDICT5: I become restless or troubled
if I am prohibited from using Facebook

1.57 1.01 0.772/0.795 <0.001

ADDICT6: I use Facebook so much that
it has a negative impact on my
studies/work

1.53 0.94 0.806/0.803 <0.001

(continued)
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vitality, addiction, habit, social enhancement, voyeurism, exhibitionism and enjoyment
(Armstrong and Overton 1977). The test did not reveal any statistically significant
differences between the early and late responses, supporting the notion that non-
response bias was not a major concern in our study.

4.3 Data Analysis

Partial least squares (PLS) approach with WarpPLS was utilized in the analysis. PLS is
a second-generation regression method that combines confirmatory factor analysis with
linear regression, and this makes it possible to run the measurement and structural
models simultaneously. A rule of thumb for the required sample size in PLS is that the

Table 1. (continued)

Construct Item Mean Std. Loading P
value

Exhibitionism
(Ames et al.
2006)

EXHIBIT1: I really like to be the center
of attention on Facebook

2.19 1.11 0.776 <0.001

EXHIBIT2: I am apt to show off on
Facebook if I get the chance

2.13 1.14 0.739 <0.001

EXHIBIT3: I get upset when people
don’t comment/put a like on my posts in
Facebook

2.77 1.40 0.851 <0.001

EXHIBIT4: I get into a bad mood if
people don’t comment/put like on my
posts on Facebook

1.93 1.16 0.720 <0.001

Enjoyment
(Davis et al.
1992)

HED1: Using Facebook is enjoyable 2.98 0.99 0.864 <0.001
HED2: Using Facebook is pleasurable 3.23 0.99 0.898 <0.001
HED3: Using Facebook is fun 3.42 0.95 0.852 <0.001
HED4: Using Facebook is exciting 2.68 1.01 0.717 <0.001
HED5: Using Facebook is interesting 3.29 0.98 0.832 <0.001

Voyeurism
(Nabi et al.
2006;
Bagdasarov
et al. 2010)

VOYEUR1: I enjoy viewing Facebook
because it helps me get a peek into
other’s private moments

2.78 1.25 0.744 <0.001

VOYEUR2: I like Facebook because it
provides access to other people’s
information

2.64 1.25 0.798 <0.001

VOYEUR3: I like Facebook because
people don’t know that I am accessing
their information

2.36 1.36 0.865 <0.001

VOYEUR4: I like watching people when
they don’ t know that they are being
watched

2.14 1.22 0.858 <0.001

VOYEUR5: I get satisfaction out of
watching others when they are unaware

1.64 0.99 0.778 <0.001

Note: Items in Italic were removed due to low loadings
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sample should be at least ten times the most complicated multiple regressions in the
model (Barclay et al. 1995). The sample size in this paper fulfils this criterion well.

We followed Gefen and Straub’s (2005) procedure to test convergent and dis-
criminant validity. Convergent validity indicates the extent to which the items of a scale
that are theoretically related are also related in reality. Convergent validity is ensured
by comparing the item loadings, composite reliability (CR), and average variance
extracted (AVE) values. Fornell and Larcker (1981) recommended path-loading values
at least 0.7 to be acceptable. Based on this criterion, SV2 from subjective vitality
construct was removed. Similarly, ADDICT3, and ADDICT4 have been removed from
addiction construct. From Table 2, we observe that all the constructs have composite
reliability values between 0.855 and 0.920, fulfilling the recommended value proposed
by Nunnally (1978). Finally, all AVE values exceed the threshold of 0.5 as recom-
mended by Fornell and Larcker (1981).

Discriminant validity refers to whether the items measure the construct in question
or other (related) constructs (Gefen and Straub 2005). We verified discriminant validity
using correlation matrix and factor analysis. Table 2 shows the correlation matrix with
the square root of AVE values presented diagonally. The square root of the AVE value
for the variables is consistently greater than the off-diagonal correlation values, sug-
gesting satisfactory discriminant validity between the variables (Fornell and Larcker
1981). The “item to latent variable correlation” values obtained from the confirmatory
factor analysis are shown in Table 3. It shows that all items have cross-loadings
coefficients lower than the factor loading on their respective assigned latent variable,
suggesting that discriminant validity on the item level is met for all the constructs
(Gefen and Straub 2005).

Overall, these tests of validity and reliability provided us with a high degree of
confidence with the measures used in testing our research model.

Table 2. Correlations between latent variables and squared root of average variance extracted

Construct AVE CR ENJ SE EXHIBIT VOYEUR SV ADDICT HABIT

ENJ 0.697 0.920 0.835
SE 0.688 0.898 0.463 0.829
EXHIBIT 0.598 0.855 0.385 0.608 0.773
VOYEUR 0.656 0.905 0.251 0.373 0.433 0.810
SV 0.706 0.906 0.429 0.368 0.276 0.173 0.841
ADDICT 0.633 0.873 0.238 0.405 0.492 0.305 0.261 0.796
HABIT 0.737 0.894 0.576 0.438 0.398 0.321 0.321 0.387 0.859

Note: Average variance extracted (AVE), Composite reliability (CR), Enjoyment (ENJ),
Social enhancement (SE), Exhibitionism (EXHIBIT), Voyeurism
(VOYEUR), Subjective vitality (SV), Addiction (ADDICT), Habit (HABIT)
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5 Results and Discussions

5.1 PLS Results

The test of the structural model includes estimates of the path coefficients, which
indicate the strengths of the relationships between the dependent and independent
variables, and the R-square values, which represent the amount of variance explained
by the independent variables. Figure 2 shows the results of the hypothesized structural
model.

As hypothesized, social enhancement (b = 0.20, p < 0.001) and perceived enjoy-
ment (b = 0.31, p < 0.001) had significant effect on subjective vitality after controlling
the effect of habit on it. The explained amount variance of subjective vitality by its
predictors was 23%

Exhibitionism (b = 0.41, p < 0.001) had significant influence on addiction after
controlling the influence of habit on it. Interestingly, voyeurism (b = 0.08, ns) had no-
significant influence on addiction. Taken together, the determinants explained 34% of
the variance in addiction.

5.2 Key Findings

We point out to two observations that we think are the most interesting. First, we found
that both social enhancement and enjoyment influence subjective vitality. This finding
implies that an accurate presentation of one’s image and enjoyment experienced by

Note: ***: p < 0.001, n.s.: non-significant

Social
enhancement

0.20***

0.31***

Enjoyment

Subjective
vitality 
R2=0.23

Habit 
(Control)

Voyeur-
ism

Exhibi-
tionism

n.s.0.08

0.41***
Addiction 
R2=0.34

n.s.0.06

0.25***

Fig. 2. PLS results
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communicating and interacting with peers in an SNS improves one’s subjective vitality.
For example, when one receives positive feedback for the content he/she has posted
(e.g., pictures, profile information, etc.), it may influence his/her subjective vitality. It
also provides him/her pleasure. Additionally, surfing around in SNS for a while may
offer a refreshing break and help one to feel more energetic.

Second, we found that exhibitionism significantly predicted addiction to SNS while
controlling for the influence of habit. This may imply that exhibitionists frequently post
content and check how many people comment or ‘like’ in their updates. In doing so,
they may feel an urge to use the SNS more and more and eventually develop addiction.
Interestingly, we also found that individuals’ voyeuristic behaviours had non-
significant influence on addiction to SNS. The reason behind the non-significant
relationship can be explained by the fact that the SNS under investigation (i.e. Face-
book) contains more features to support exhibitionistic behaviours and fewer features
to support voyeuristic behaviours. Features like updating status, check-in, posting
photos, etc. that supports exhibitionistic behaviours can be accessed easily in both
desktop and mobile versions of Facebook. These features are integrated in mobile
devices in such a way that individuals can execute these features with just few taps. In
contrast, voyeuristic activities like finding a person from outside of one’s friend list and
viewing his/her content require much effort. Recently, Facebook has introduced the
Graph Search feature that has eased the process of finding and accessing the content on
Facebook. However, the Graph Search feature has not been included yet in the
Facebook applications for mobile devices. Additionally, it is still not available for all
(e.g. Finnish) Facebook users. Nevertheless, the Graph Search will most likely con-
siderably increase the voyeuristic value of Facebook.

5.3 Theoretical Implications

Our study has three theoretical implications for IS research. First, we advance the
understanding of dual effect of IT. Prior IS research has mostly investigated either the
positive (e.g. DeLone and MacLean 2003) or negative (e.g. Turel et al. 2011) effect of
IT use. However, in this study we have shown that hedonic systems such as SNSs may
lead to both positive and negative individual-level consequences. To this end, we
included a benefit related variable (i.e., subjective vitality), and a danger related
variable (i.e., addiction) in our research model as the dependent variables and examined
their predictors.

Second, we accumulate the understanding of addiction in the SNS context. Prior IS
research mostly implied that SNS enjoyment shapes habitual behaviour, which in turn
leads to addiction (Turel and Serenko 2012). We found that exhibitionism is a sig-
nificant predictor of addiction to SNSs after controlling the influence of habit. In fact,
we found that the influence of exhibitionism on addiction was much stronger than that
of habit.

Finally, drawing the concept of autonomous motivation (Deci and Ryan 1991), we
hypothesized and empirically found that both social enhancement and enjoyment are
significant predictors of subjective vitality. Despite its importance, prior IS research did
not put enough effort investigating the concept of subjective vitality. We suggest future
research investigating other autonomous motivations that influence subjective vitality.
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5.4 Practical Implications

Our study has three practical implications. First, it should be remembered that IT may
have dual effects on individuals. Using an SNS may both improve user’s subjective
vitality but also create addiction. In addition, to identifying the psycho-social predictors
such as the variables employed in this study, understanding the dual effect of SNS’s use
requires also understanding the use patterns and use context. For example, taking short
breaks from work and surfing SNSs may improve individual’s subjective vitality,
however, spending hours or frequent SNS surfing might lead to addiction. We hope
that organizational and governmental decision-makers pay increased attention to the
potential dual effects of IT in general and SNS in particular. We hope that the decision
makers consider the possibility that the increased IT use is not mechanistically positive,
and that all uses are not equally beneficial, or harmful.

Second, we found that individual’s exhibitionistic behaviours cause addiction.
SNSs contain many features for performing exhibitionistic behaviours. For example,
status updates, pictures, likes and comments are some of the features that exhibitionists
might utilize to show off. (Mäntymäki and Islam 2016; Islam et al. 2018). To reduce the
risk of addiction, we slightly provocatively suggest that SNS providers and their leg-
islative regulators would consider whether the exhibitionistic appeal of SNSs could be
constrained. For example, the number of status updates or photos per day or month
could be limited to a certain maximum to reduce the adverse effects and time spent on
SNSs.

Finally, we found that an SNS use can be a source of subjective vitality
improvement as it affords portraying one’s appropriate image and offers hedonic value.
Based on this finding, we suggest organizations that have categorically banned, and
occasionally even tried to prevent SNS use in the workplace to reconsider this decision.

6 Limitations and Future Research

Our study has a number of limitations that may serve as the avenue for future research.
First, the research was cross-sectional. The beliefs of the users regarding a system will
change as the users gain experience of a target system but such changes cannot be
captured with the type of cross-sectional study undertaken. Thus, longitudinal research
is necessary to overcome the issue. Second, the study has been conducted using a
single SNS (Facebook) in a single Finnish university. Hence, generalizing the findings
directly to other user groups or other SNSs is not an appropriate course of action. Third,
we included only a few drivers of subjective vitality and addiction. Future studies could
incorporate a more extensive set of drivers of subjective vitality and addiction. Finally,
yet we focused on subjective vitality and addiction to capture the dual effect of SNS
use, these two constructs are by no means an exhaustive presentation of the possible
positive and negative outcomes. Thus, future research could aim at identifying addi-
tional positive and negative outcomes of SNS use.
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Abstract. The concept of ecosystem emanates from ecology and subsequently
has been broadly used in business studies to describe and investigate complex
interrelationships between companies and other organizations. However, it is
widely known that borrowing constructs from natural sciences to social sci-
ences, or vice versa, can be problematic. For example, the use of the ecosystem
concept outside its original domain has received criticism. To better understand
the essence, applicability and boundaries of the business ecosystem concept, this
study conducts a conceptual analysis of a set of concepts used to describe
business networks. To this end, we analytically comparing business ecosystem
with other prominent concepts, namely industry, population, cluster, inter-
organizational network and value network. We then present an illustrative case
of an emerging business ecosystem of digital services for real-estate and facility
services and scrutinize the applicability of the focal concepts for our case. The
results indicate a need for increased conceptual clarity when describing business
networks. The results indicate a need for conceptual clarity when describing
business networks. We conclude with a synthesis and discuss under what cir-
cumstances using the business ecosystem concept may add value for research
and practice. The paper contributes to the business ecosystem literature by
clarifying the similarities and differences between business ecosystem and other
concepts used to describe business networks.

Keywords: Business ecosystem � Cluster � Network � Industry
Value network � Collective consciousness � Digitalization � Conceptual analysis

1 Introduction

The term ecosystem has diffused outside its original domain in natural sciences (Autio
and Thomas 2014; Mäntymäki and Salmela 2017). In biology, an ecosystem, or eco-
logical system, typically denotes a unit of biological organization made up of all the
organisms in a given area, thus forming a “community”. Organisms within a com-
munity interact with the physical environment so that the flow of energy leads to
characteristic trophic structure and material cycles within the system (Odum 1966).
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The specific focus of this paper is the use of the ecosystem metaphor in describing
business networks (cf. Aarikka-Stenroos and Ritala 2017). The literature has coined
concepts such as business ecosystems (Peltoniemi and Vuori 2004), innovation
ecosystem (Oh et al. 2016), software ecosystems (Hyrynsalmi et al. 2016), service
ecosystem (Vargo and Lusch 2010), product ecosystem (Frels et al. 2003), and plat-
form ecosystem (Ceccagnoli et al. 2012), to name but a few. The widespread use of the
ecosystem metaphor implies that has been viewed to provide some value-added for
researchers. At the same time, however, the use of ecosystem metaphor has also been
criticized and the accuracy of the metaphor questioned (Hyrynsalmi 2015; Oh et al.
2016). Boulding (1956) holds that analysing tools, such as conceptualizations of
organization need to be at the same level of the complexity with the phenomena in
question. To foster this element, we apply Turunen (2015) view of organizing which
maintains that all conceptualization of are embedded in organizational consciousness
which we take along in this paper.

The purpose of this paper is to understand (1) what is a business ecosystem and
(2) how does the concept of business ecosystem relate to other similar concepts,
including what role cross-organizational collective consciousness plays in the
ecosystem concept. In this paper, we focus on five widely discussed concepts that have
been used to describe business networks, i.e. groups of inter-connected organizations,
namely industry, population, inter-organizational network, cluster and value network.

Based on our analysis we argue that concepts industry and population emphasize
competitive relationships between firms, whereas an inter-organizational network and a
cluster place more emphasis on collaboration. In this respect, an ecosystem is a more
diverse concept, presuming both collaborative and competitive relationships, which
generate intertwined awareness processes such as collective consciousness (Turunen
2015), which draws on social sciences, particularly from psychology and sociology.

This study contributes to the literature by demonstrating that there is an overlap
between the business ecosystem concept and other similar concepts. This is particularly
so in the use of these concepts by practitioners. For researchers, our study shows a clear
need for more fine-grained conceptual and theoretical analyses of the business
ecosystem concept. We further conclude that additional scrutiny of the ecosystem
metaphor and its value-added for theorizing and for managerial communication is
needed.

The paper proceeds as follows: after the introductory section, we present a dis-
cussion of the business ecosystem concept. Thereafter, the present a set of related
constructs used to depict business networks and analyse how they converge with, and
diverge from, the business ecosystem construct. The paper concludes with a synthesis
of the analysis and suggestion for future research.

2 The Business Ecosystem Concept

The business ecosystem concept was coined by Moore (1993). His seminal article
debates capability coevolution around innovation with distinct stages towards a shared
future and accruable profit model of business ecosystem:
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…a business ecosystem […] crosses a variety of Industries […], companies coevolve capa-
bilities around a new innovation: they work cooperatively and competitively to support new
products, satisfy customer needs, and eventually incorporate the next round of innovations.
Every business ecosystem develops in four distinct stages: birth, expansion, leadership, and
self-renewal – or, if not self-renewal, death. […] While the centre may shift over time, the role
of the leader is valued by the rest of the community. Such leadership enables all ecosystem
members to invest towards a shared future in which they anticipate profiting together.” (Moore
1993, p. 76)

Moore (1996) further defines ecosystem as an economic community supported by a
foundation of interacting organizations and individuals:

“This economic community produces goods and services of value to customers, who are
themselves members of the ecosystem. The business ecosystems are characterized by a large
number of loosely interconnected participants who depend on each other for their mutual
effectiveness and survival.” (Moore 1996, p. 26)

In their business ecosystem conceptualization, Iansiti and Levien (2004, pp. 8–9)
put more emphasis on networks. Accordingly, an ecosystem is essentially as an
analogy to describe modern business networks. They also acknowledge the using
biological analogies in business literature can be a controversial issue and further argue
that “the analogy between evolved biological systems and networks of business entities
is too often misunderstood.” Iansiti and Levien (2004, p. 5). Authors further lament that
their use of the term ecosystem is probably closer to the biological term community but
they use the term ecosystem to highlight that they are discussing a complex system and
working with a biological analogy.

Based on subsequent literature on business ecosystems, such systems appear to
have at least three characteristic features:

1. Members of an ecosystem are highly interconnected. Interconnectedness refers to
the fact that the success or failure of a member of an ecosystem affects the other
members.

2. A business ecosystem often includes a keystone that “regulates ecosystem health”
(Moore 1993, p. 8). The keystone is typically an actor that is able to support and
orchestrate the activities that take place within the ecosystem.

3. Ecosystems are complex systems Peltoniemi and Vuori (2004). As described by
Cowan (1994, p. 1), complex systems “contain many relatively independent parts
which are highly interconnected and interactive.” Lewin in turn (Lewin 1999)
further laments that complex systems are systems whose properties are not fully
explained by an understanding of its constituent parts. (Lewin 1999). Thus, com-
plex systems can be informed by the process research (James 1977), (Tsoukas and
Chia 2002) of collective interaction (Kimble 2008).

While the characteristic features of #1 and #3 are somewhat congruent, the second
one raises a question: how can a complex, interconnected, system be regulated by one
actor? This appears to be one of the internal tensions related to the concept of business
ecosystem. On the other hand, co-operation in business ecosystem creates a common
awareness that in turn helps to manage diversity and complexity.

In software business, the ecosystem concept has been used to depict business
networks built around a key player such as Apple. The core of Apple’s ecosystem is the
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App Store. For customers, the App Store is a software marketplace where Apple acts as
a gatekeeper and trust provider. For application developers, such as providers of dif-
ferent mobile games, Apple provides the development tools and a distribution channel
via its App Store. For Apple, the App Store is a means to generate additional revenue
but also a mechanism to significantly extend its value proposition beyond hardware and
the core software that is pre-installed in its products.

3 Comparison of Industry, Population, Cluster,
Interorganizational Network, Value Network, and Business
Ecosystem

One way to seek a better understanding of the ecosystem is to compare it with other
similar concepts used in prior research. In the following, we shall present and compare
an ecosystem with five such concepts: industry, population, inter-organizational net-
work, value network and cluster. While the first two assume relationships between
firms as primarily competitive, the last three bring the collaborative relations into the
surface.

3.1 Industry

Perhaps the most traditional concept used in describing and classifying companies’
environment is industry. Generally speaking, an industry consists of companies or
networks of companies that provide similar product or service offerings to same
markets. Porter defines the concept industry as follows (Porter 1980, p. 32):

“Structural analysis, by focusing broadly on competition well beyond existing rivals, should
reduce the need for debates on where to draw industry boundaries. Any definition of an
industry is essentially a choice of where to draw the line between established competitors and
substitute products, between existing firms and potential entrants, and between existing firms
and suppliers and buyers.”

The underlying theme in the concept is that competitive relations define borders for
industry. Industries can be treated as entities, having attributes of their own. For
instance, because of structural differences, some industries may be more profitable than
others (Porter 1980). The dynamics inside the industry is largely explained by forces of
competition.

The idea of an industry as a competitive marketplace does not exclude collaboration
completely, but it is seen as an exception, labelled with terms such as strategic alliances
or co-opetition (Bengtsson and Kock 2000; Hamel et al. 1989).

Industries are also complex systems, even if no collaborative relations are taken
into consideration. For example, in hypercompetitive industries, companies need to rely
on complex strategic manoeuvring in order to capitalize on new opportunities in the
marketplace faster than their competitors (D’Aveni 1994). However, as the industry
players focus on their own competition, there does not emerge cross-organizational
collaboration or collective awareness among industry players.
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A company can belong to industries of different levels, for example game devel-
opers belong to game industry but on a more generic level also to software industry.
When industry concept is applied to computer and mobile game providers, the
emphasis is on competitive relations: game providers compete over same customers’
(players’) time and money. They also compete with other forms of current and future
forms of entertainment. In the industry concept, platform providers like Apple are seen
as distribution channel firms, whose negotiation power decreases profit margins of
game providers. By leaving the collaborative relations behind, industry and industry
analysis brings forth the competitive ones – which may be sufficient to explain many
complex phenomena in the gaming industry.

3.2 Population

Population is a theoretical concept used in analysing variability of organizations over
time (Hannan and Freeman 1989). Here the classification of companies is based on a
number of attributes, such as the size of the organization, organizational form, and
strategy. As an example, small, family owned companies that focus on niche markets
can be seen as one population.

The purpose of this classification is to explain variance and dynamics between
organizations. Hannan and Freeman describe the approach as follows (Hannan and
Freeman 1989, p. 13):

“The population ecology perspective concentrates on the sources of variability and homo-
geneity of organizational forms. It considers the rise of new organizational forms and the
demise of transformation of existing ones. In doing so, it pays considerable attention to pop-
ulation dynamics, especially the processes of competition among diverse organizations for
limited resources such as membership, capital, and legitimacy.”

A basic assumption underlying the population concept is that competition in
markets will favour those populations of companies that have the characteristics needed
in new situations. Hence, “there are strong parallels between processes of change in
organizational populations and in biotic populations” (Hannan and Freeman 1989,
p. 13).

Population ecology acknowledges that sometimes organizations form communities,
i.e. organizations that collaborate with each other. Hence, survival could take place at
the level of communities, rather than at the level of populations of similar companies.

This idea is not, however, included in the analysis. The power of population
ecology is in explaining, why some populations of independent firms succeed in
competition while others vanish.

Overall, population ecological models demonstrate, that complex phenomena
behind birth and growth of new types of companies and demise of existing ones can be
explained with competitive relationships. It can be concluded that those companies
who can best leverage the ecosystem reap the best benefits.

In mobile and computer game business, an example of population is the emergence,
growth, and typically also decline of a certain types of game developers. While the
companies compete with one another, they also share the destiny of their competitors,
in particular the ones which are most similar to them. The population ecology model
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explains, how new types of companies emerge to markets, thus causing existing
companies to suffer from shrinking markets.

For example, the rapid growth and success of freemium games from game com-
panies such as Supercell’s Clash of Clans or King’s Candy Crush Saga took markets
from established game companies relying on traditional pricing. This may also have
contributed to the birth of a new type of population: small and medium-sized game
companies offering freemium games (cf. Koskenvoima and Mäntymäki 2015). Hence,
by using long time frames, population ecology model explains many “ecology” type of
phenomena – purely with competitive relations.

3.3 Inter-organizational Network

Research on business networks or inter-organizational networks takes a completely
opposite approach. Research focuses on such entities, where inter-relationships of
companies are seen as predominantly collaborative. Because of a wide variety of
collaborative forms, giving an exact definition for an inter-organizational network is
difficult. Nevertheless, Provan et al. (2007, p. 482) provide the following characteri-
zation of an inter-organizational network:

“… we make no effort to try to offer an all-encompassing definition of an interorganizational
network. Rather, we focus instead on one specific type of network that has been frequently
discussed but only infrequently researched, namely, a whole network consisting of multiple
organizations linked through multilateral ties. A whole network is viewed here as a group of
three or more organizations connected in ways that facilitate achievement of a common goal.
That is, the networks we discuss are often formally established and governed and goal directed
rather than occurring serendipitously” (Kilduff and Tsai 2003).

A characteristic feature of an inter-organizational network is that it comprises
several independent organizations. Like all groupings of organizations, also inter-
organizational networks evolve, but such evolution can be treated as conscious and
goal-directed. For example, Ring and Van de Ven (1994) have proposed a process
framework that focuses on formal, legal, and informal socio-psychological processes
by which parties jointly negotiate, commit to, and execute their relationship.

The idea of competition within a network is not completely absent. For instance,
the governance processes described by Ring and Van de Ven (1994) need to ensure
both efficient and equitable outcomes. They will also need to be able to deal with
conflicts as they arise. While the concept of inter-organizational network does not deny
conflicts of interest, the primary emphasis is on collaborative ties between individual
organizations. This suggests that inter-organizational collaboration does not hit the
potential which is available.

It is perhaps surprising; how few are the examples of software companies engaging
in genuinely collaborative network relations that would involve three or more orga-
nizations. In computer and mobile games, collaboration between game companies and
movie producers can, perhaps, be seen as an example of such a collaboration. Col-
laboration in open-source forums, or digital platforms, can sometimes fulfill some
requirements of an inter-organizational network. But traditionally the relationships
have been arms-length relations without shared governance or formal contracts.
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3.4 Cluster

The term cluster emanates from the works of Porter (1990) on nations’ competitive
advantage. Cluster has a strong conceptual linkage to industry as a cluster is a part or a
representative of an industry (Dayasindhu 2002; Porter 1990; Tallman et al. 2004).
Porter (2000) defines cluster as follows:

“a geographically proximate group of interconnected companies and associated institution in a
particular field, linked by commonalities and complementarities.” (Porter 2000, p. 16)

The concept of cluster offers a vehicle to explain why large numbers of companies
operating in a same market are concentrated on certain geographical locations. With the
term cluster Porter (1990) refers to a phenomenon linked to geographic concentrations
of national industries which origin from vertical or horizontal relationships between
companies. Locality is considered a key characteristic of a cluster as companies in a
cluster as companies in a cluster are often located in a single city or region (Porter
1990; Scheel 2002; Tallman et al. 2004). Cluster has a strong conceptual linkage to
industry as a cluster is a part or a representative of an industry (see e.g. Dayasindhu
2002; Tallman et al. 2004).

Porter (1990) sees intense competition within a cluster as its main driving force as
competition forces companies to increase the standard of their operations in order to
remain competitive. Intense competition can be due to bargaining power of customers
who may be interact with several companies within the cluster. These interactions in
turn accelerate exchange of information and diffusion of innovations. Collaboration and
interaction build up not only cross-organizational awareness but consciousness fields
(Turunen 2015) in the cluster.

In software business, physical proximity of companies operating in a certain field is
almost a norm due to the positive network externalities. Silicon Valley is perhaps the
best-known example of a geographical concentration of software companies. But there
are also other countries, like India, China, Russia, Ireland and Israel, who have strong
concentrations of software development (Carmel and Tija 2009). The emergence of
gaming industry in Finland can also be seen as a good example of a cluster: Interest of
capital investors, support from the government, and availability of programmers spe-
cialized (and interested) in games, are examples of cluster effect. While companies
don’t necessarily collaborate extensively (as they often are competitors), they still seem
to benefit from the mere existence of other similar companies in the same region.

3.5 Value Network

The value network concept emphasizes the intangible capabilities of the network.
Normann and Ramirez (1993) maintain that business should not focus on the posi-
tioning the fixed set of activities along the value chain only but focus on the value
creating system itself. While Normann and Ramirez addressed the systems view,
Christensen and Roosenbloom (1995) set the stage for value network concept from the
attacker’s position in the competitive arena. According Christensen (2013), value
network extends beyond the product categories and focuses on the context i.e. the value
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network of a firm to excel on the competition. Christensen defines value network as a
context of competitive arena on immaterial values:

“The collection of upstream suppliers, downstream channels to market, and ancillary providers
that support a common business model within an industry. When wouldbe disruptors enter into
existing value networks, they must adapt their business models to conform to the value network
and therefore fail at disruption because they become co-opted.” Christensen (2013, p. 296)

The boundaries of the value network are determined as a unique definition of the
product performance and on the cost structure to meet the customer preferences,
according Christensen (2013, p. 54).

While both Normann and Ramirez (1993) and Christensen (2013) focused on firms,
Allee (2003) definition of value networks is applicable for any organizations, not only
those on the competitive arena. She maintains that the key of the value network is the
exchange of intangible assets between individuals, groups and organizations:

“A web of relationships that generates both tangible and intangible value through complex
dynamic exchanges between two or more individuals, groups or organizations. Any organi-
zation or group of organizations engaged in both tangible and intangible exchanges can be
viewed as a value network, whether private industry, government or public sector.” (Allee
2003, p. 268)

Allee emphasized the importance of revealing the hidden network patterns behind
business processes with an analytical tool to define, map, and analyze the participants,
transactions (Williamson 1989) and tangible and intangible deliverables that together
form a value network. As a result, value network can be seen as a conceptual tool to
describe the social, technical and intangible resources between individuals, groups and
organizations in highlighting the context outside the firm boundaries. It is also a
predictive tool to analyze and explain company performance (Christensen 2013) in
competitive landscapes, for instance to explain why well-established, large companies
fail. The main contribution to the conceptual analysis is that value network moves away
from the linear model, which the other concepts maintain. Individuals, groups and
organizations negotiate of value constellations. Thus, they are due to transformations
and disruptions which may put one backwards or aside of the linear time that accrues
the from the past and the future of multiple members of the network. Thus, value
network might face cyclical or other trajectories in addition to linear development.

Collective consciousness is accommodated in the value network. In fact, it becomes
fostered in the interrelations between individuals, groups and organizations. Indeed, the
contributors of value network concept mention the benefits of collective consciousness
explicitly, such as Normann (2001) and Allee (2003). For instance, Allee (2003)
maintains that “collective consciousness provides a new transformative shift towards
understanding the more complex layers of the system and new avenues for connecting
together with other players” i.e. collaboration in the intangible areas of value creation.

For software business, advances in digital technologies, for example in sensor
technology and Internet of Things (IoT) (cf. Mian et al. 2016) enable the creation of
new value networks and business models for established, mature businesses and
simultaneously challenges the existing logics for value creation.
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4 Synthesis

We scrutinized the results from the literature and business cases and present them into a
synthesis of our conceptual analysis of business ecosystem, industry, and population.
We derive directly from the definitions described in the above sections. After that we
provide a generic description of the applicability of a concept, which is not directly
related to the definition. Table 1 below presents a synthesis of our conceptual analysis
of business ecosystem, industry, and population.

The first and perhaps the clearest difference can be found in the ways of which the
concept defines the group of companies that constitute the environment. As a result, the
borders for an industry are defined by established and potential competitors (Porter
1990), for population by variability and homogeneity of organizational forms (Hannan
and Freeman 1989), for inter-organizational network by multilateral ties between
organizations (Provan et al. 2007), and for cluster geographical proximity (Porter
2000). An ecosystem can be seen as a large number of loosely interconnected par-
ticipants from various industries, who depend on each for their mutual effectiveness
and survival (Moore 1996).

Concerning to the nature of ties, we find the concepts falling into three groups. In
industries and populations, companies are connected primarily through competitive
relationships (Hannan and Freeman 1989; Porter 1990). In inter-organizational networks,
primary relationships between companies are seen as collaborative (Provan et al. 2007).
For clusters and ecosystems, ties can be both collaborative and competitive. Within a
cluster, organizations’ competitive and collaborative regional relationships assist them in
global competition (Porter 2000). In value networks and in ecosystems, it is an explicit
assumption that companies within work cooperatively and competitively (Moore 1996).

In terms of sources of transformation, competitive forces are central in the evolu-
tion of industry, population and cluster. Industry evolution is directed by several
competitive forces (Porter 1990), the growth and demise of populations results from
competition over access to limited resources such as membership, capital and legiti-
macy (Hannan and Freeman 1989), and the destiny of regions is an outcome of global
competition (Porter 1990). At the opposite end, the evolution of inter-organizational
networks are seen to result from negotiations that are formally governed and goal
directed (Provan et al. 2007). In between are ecosystems - and value networks-, where
transformation is seen as contingent upon new customer needs and/or new product and
service innovations, leading to reforms in ecosystems (Moore 1996) with the distinc-
tion of value networks where reforms may be initiated in several parts of the network
depending on the negotiated value (Allee 2003).

Overall, a strength of the business ecosystem concept is that it acknowledges both
collaborative and competitive relationships. Hence, the concept enables simultaneous
analysis of transformation, both within networks but also in the markets where they
operate. At the same time, however, the concept itself becomes more complex:
Defining borders of an ecosystem is more difficult, because the relationships defining
an ecosystem are manifold. Hence, the ecosystem lens can also lead to an overly
complex view of reality, in particular if collaborative (or competitive) ties between
companies are insignificant. Furthermore, business ecosystem concept provides the
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most opportunities to produce viable collective consciousness fields because many
actors try to make sense of the larger system. However, on a conceptual level, an
ecosystem draws on biology, as explained earlier, and consequently does not imply a
term of collective consciousness. These consciousness fields focus attention and feed in
mechanisms and opportunities for leveraging the complexity of the terrain. However,
using the vocabulary of and drawing conceptually from natural sciences in social
sciences may inhibits tapping the potential of the complexity present in e.g. the
business cases presented above.

5 The Case of an Emerging Business Ecosystem for Digital
Real-Estate and Facility Services

In order to delineate the similarities and differences between the different concepts
described above, the present an initiative that is aimed to become a business ecosystem
for digital real-estate and facilities services.

The concrete activities within initiative take place under a industry-academia
research and development program that is funded by Business Finland – The Finnish
Funding Agency for Technology as well as the companies and universities participating
the program.

Table 1. Concepts depicting business networks

Industry Population Inter-
organizational
network

Cluster Value network Business ecosystem

Definition of
group borders

Established
and potential
competitors;
firm borders

Homogeneity
of
organizational
forms; firm
borders

Multiple
organizations
linked through
multilateral
ties; network
borders

A geographically
proximate group;
distance border

Exchange of intangible
assets between
individuals, groups
and organization;
borders of experienced
value constellations of
network

Loosely connected
firms who depend on
each other for their
mutual effectiveness
and survival; an entity
and a system with
borders

Primary
relationship
between firms

Competition;
including
latent
competition

Competition;
among diverse
organizations
forms

Collaborative
ties that
facilitate
reaching a
common goal

Loose collaborative
ties within a region
that assist in global
competition

Competition and
collaboration in value
creation

Competitive and
collaborative ties

Sources of
transformation
and change

Selection
through
competition;
large number
of
competitive
factors; ‘The
best fit wins’

Selection
through
competition;
competition
for limited
resources;
‘The strongest
benefiter wins’

Formally,
established
governance
processes
between
network
parties; ‘The
best networker
wins’

Selection of most
viable regions
through global
competition; ‘The
strongest
collaborator/adapter
wins’

System’s capacity to
create tangible and
intangible value
constellations beyond
product components.
Ability to generate
value from intangible
resources. ‘The best
negotiator wins’

New products and
customer needs
incorporate the next
round of innovations;
‘The dominant player
attracting contributors,
such as platform
player wins’

Applicability Explaining
success and
viability of
individual
companies

Explaining
success and
viability of
populations of
companies

Explaining
evolution and
success of
inter-
organizational
networks

Explaining success
of geographic
regions

Explaining success
and failures of
companies and new
products. Predictive
analysis.

Explaining
simultaneous
evolution/disruption of
markets and networks

Existing
Business cases

Games
industry

Supercell’s
Clash of Clans
or King’s
Candy Crush
Saga

Collaboration
between game
companies and
movie studios

Silicon Valley;
Seattle region

Hard disk
manufacturer in
‘Innovators dilemma’

Apple, Amazon,
Facebook, Alibaba
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The purpose of the program is to develop end-user services using IoT, sensor
technology, face recognition, artificial intelligence etc. as well as to identify potential
use cases and develop business models for these services. The activities within the
project are divided into four thematic entities, titled well-being, intelligent restaurant,
data-asservices and empathetic building. The thematic entities are led by the companies
participating the research program. Table 2 below contains a brief description of the
network of participants.

When scrutinized through the different concepts used to describe business networks
discussed in the prior sections, we see that certain concepts are more insightful to
describe the emerging ecosystem for digital real-estate and facility services.

First, the industry concept does not apply directly very well, because the industry
consortium comprises companies from both real estate and facility as well as ICT
sectors. On the other hand, the industry concept has certain relevance in the early state
of the program where the participating companies operate mostly based on the dom-
inant logics of their respective industries.

The concepts highlighting the collaborate relationships between the players such as
inter-organizational network, cluster and value-network have certain value in
describing the relationships between the participants. The population concept in turn
builds upon the assumption that the players homogenous which significantly limits the
applicability of the population concept in our case.

The business ecosystem concept has certain fit to our case as the relationship
between the players is essentially co-opetitive. On the other hand, at least in its current
formative stage, there is no clearly dominant player that characterize an ecosystem.

As a result, we conclude that value network appears to have the best fit to our case
in its present state. Value network does not assume the existence or emergence of a
dominant player. The lack of a clear dominator may on one hand increase the need for
additional negotiation and thus slow down the development activities. On the other

Table 2. Description of the emerging business ecosystem

Dimension Description

Definition of group
borders

Participating institutions, companies, and research s, and
financing institutions

Primary relationship
between firms

Collaborative and competitive ties. In the beginning of the
endeavor, the relationships are intense and loose

Sources of transformation
and change

The collective platforms of sharing information, which engage
partners of the network to challenge the old models and adopt
new ones. High quality collective consciousness fields and
working methods

Applicability Explaining collaboration of diverse organizations and
individuals with partly shared and competitive/diverse motives.
Business ecosystem a benchmark and desired end state
Ecosystem metaphor an important part of the discourse within
the program participants
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hand, it forces the participants to articulate their needs and intentions and take
responsibility of the course of action. Table 3 below provides a summary of the
analysis.

6 Discussion

Compared to the related concepts investigated here - industry, population, inter-
organizational network, cluster, and value network - the concept of business ecosystem
appears to enable the analysis of both collaborative and competitive relationships. The
need for the concept is often argued on the basis that economy and competition has
changed and collaborative arrangements are becoming increasingly significant due to
globalization and digitalization.

Our analysis of the concepts suggests that all six concepts provide partially distinct
perspective to and emphasis on business networks. We further pointed out the system
complexity might be a relevant dimension to classify business networks. Using theo-
retical and conceptual tools that can explain the research problem with a minimal
complexity is generally considered a virtue in research. At the same time, however,
overly simple tools and concepts are often insufficient in finding solutions for highly
complex problems (Boulding 1956). For example, inter-organizational collaboration
generates different levels and qualities of attention (Teece 2010) such as collective
awareness and collective consciousness. This in turn, can accommodate dealing with
highly complex levels issues and problems, including innovations, sustainability and
ethics (Turunen 2015). Therefore, managerial decision makers’ tolerance to educate
themselves on complexity may be worthwhile.

Table 3. Applicability of different concepts to describe the emerging ecosystem for digital real-
estate and facility services

Concept Applicability Description

Industry Partial explanation power. Omits part of the
system

The program focuses on real estate and digitalization
industries. The current stage of the affairs cannot be
described accurately with the industry concept

Population Problems due to the ontological differences
of the domains vs. biology and social
sciences

Population does not apply to the Program except of strong
and dominant players such as big firms or set up of
coordination

Inter-
organizational
network

Leaves out the heterogeneity of the actors
i.e. organizations, for instance motives

The players form a network and sub-networks. However,
there is no strong mutual dependency (at the early stage of
the program)

Cluster Partial explanation power. Geography is
not relevant

The constellation of the players involved has no clear
geographical dimension. The players represent different
businesses (real estate, ICT)

Value network Good explanation power. Does not accrue
in explaining the system

The dynamics of a value networks are to a certain degree
visible
Participants collaborate and negotiate of value
constellation. Interactions in the value network create
collective consciousness

Business
ecosystem

Problems due to the ontological differences
of the domains vs. biology and social
sciences

Co-opetition between players. A dominant player is
missing
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The same applies also to managers who are making strategic decisions. The key
question in selecting a perspective is how significant collaborative arrangements are in
a given industry. If collaborative arrangements are business critical, belonging to the
right network(s) can make a difference. However, if barriers for leaving and joining
ecosystems are low and multi-homing in several ecosystems in parallel is possible, the
classical competitive industry perspective can be more valuable in strategic decision
making.

Our analysis implies that the ecosystem concept appears to fit particularly well to
situations where there is a focal firm or platform leading the network (Iansiti and
Levien 2004; Teece 2010; Autio and Thomas 2014). This is the case with global
players such as Alibaba, Apple and Amazon where the network consists of a very large
number of actors and is being led and coordinated by a single leading firm (cf.
Hyrynsalmi et al. 2016). On the other hand, in the absence of a clear dominant player,
tools and concepts such as value network that put emphasis on inter-organizational
collaboration such as value network may offer more insightful descriptions. For
instance, as stated by Allee (2003), value network analysis can lead to profound shifts
in perception of problem situations and mobilize collective action to implement change.

Like any other piece of research, this study suffers from a number of limitations.
First, we focused only a limited set of concepts. Future research should thus incorporate
e.g. platform and alliance in the analysis. Second, we have focused on business
ecosystems on a general level. However, there are presumably different types of
business ecosystems. Future studies could thus identify different types of business
ecosystems.
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Abstract. This paper introduces a conceptual framework for strategic big data
utilization. We discuss big data through (i) its origins (where and how does the
data accumulate), (ii) its constitution (what is the nature of the data), and (iii) its
applications (how and why can the data be processed and utilized). Based on this
conceptual analysis, we argue for three continua that can guide the process of
making strategic decisions regarding the utilization of big data. We further use
these continua as a foundation for proposing a conceptual framework for
strategic data use and strategic positioning. The conceptual framework facilitates
understanding the firm-specific possibilities that emerge from aligning the
overarching business goals with the opportunities emerging from big data.

Keywords: Big data � Strategy � Big data utilization

1 Introduction

Big data has become a richly researched phenomenon from the perspectives of its
accumulation (Brynjolfsson and McAfee 2012), attributes (Chen et al. 2012), impli-
cations (Newell and Marabelli 2015; Zuboff 2015; Yoo 2010) and individual appli-
cations (Davenport et al. 2012; Varian 2010). At the same time, there are increasing
calls for integrating the information systems, or digital strategy with the overarching
business strategy (Bharadwaj et al. 2013). However, maybe reflecting the fundamen-
tally amorphous nature of the phenomenon labelled big data (Constantiou and Kalli-
nikos 2015), the discussions under the same label suffer from a level of amorphousness
where the origins, constitution, threats, possibilities and utilization are somewhat
conflated. As argued by Zuboff (2015), the abundance of definitions for the concept of
big data suggests that understanding the phenomenon is still suffering from a lack of
sufficient conceptual clarity.

We ground our approach on a threefold conceptualization of big data: the phe-
nomenon can be explored by zooming into its origins, emergence and accumulation;
from the viewpoint of addressing its attributes, nature and constitution; or from the
perspective of outcomes, emerging both through deliberate utilization and from un-
intended implications. Our focus lies in the third vantage, explicitly in the part of the
deliberate, strategic level utilization of the big data.

Previous discussions about this third vantage of big data, its outcomes, are either
focused on specific business applications or use cases such as customer relationship
management (McAfee et al. 2012), predictive maintenance (Wang et al. 2017), or game
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analytics (Koskenvoima and Mäntymäki 2015). The practitioner-oriented advices pivot
primarily on the need of employing capable data scientists and on the need of making
decisions based on data driven knowledge (Davenport et al. 2012; McAfee and
Brynjolfsson 2012; Schildt 2017). Another avenue within this third vantage is the
critically tinged stream of literature assessing the implications of the phenomenon of
big data (Zuboff 2015; Newell and Marabelli 2015), however while we acknowledge a
set of insights derived from those approaches, our focus is not on the unintended
implications. Instead, we address another gap: research providing strategic directions
for the use of big data is largely absent in the literature. We argue that to reap the
strategic benefits of big data, data-driven decisions need to be underpinned by
knowledge of how do the specific choices regarding big data utilization reflect and fit
the overall business strategy.

To address this void in the literature, we draw on Newell and Marabelli (2015) and
Zuboff (2015) to categorize the sources of big data into five types. We thereafter
categorize big data into two types based on its constitution (Constantiou and Kallinikos
2015). In practice, we take the aforementioned threefold approach and identify the
phenomenon labelled big data through (i) its origins (where and how does the data
accumulate), (ii) its constitution (what is the nature of the data), and (iii) its applications
(how and why can the data be processed and utilized). Distinguishing between these
three vantages is important for the sake of conceptual clarity, because conflating the
three vantages in the descriptions threatens to muddle the conceptual understanding of
the complex phenomenon.

As a result of this conceptual analysis, we argue for three questions that can guide
the process of making strategic decisions regarding the utilization of big data. We
further use these questions as a foundation for proposing a conceptual framework for
strategic data use and strategic positioning. In addition, the proposed framework
facilitates positioning the data-use related firm-specific choices into a wider context of
strategic tradeoffs that allow assessing the level of alignment between the overarching
business goals of the firm and its choices related to utilization of big data.

The remainder of the paper is structured as follows: we begin by outlining and
continuing the discussions (Constantiou and Kallinikos 2015; Tilson et al. 2010;
Zuboff 2015) delineating and crystallizing the phenomenon labelled big data and its
impacts on strategizing. In sum, we view big data from the three vantages of its origins,
constitution and use, with the emphasis on the last part. Then we continue by identi-
fying three continua along which the firms need to position their strategic approaches in
regards to utilizing big data. Subsequently, we propose a framework to support
strategic utilization of big data and conclude by recapping the contributions and pro-
viding future research avenues.

2 Big Data: Origins, Constitution and Utilization

According to Zuboff (2015), as most discussions of big data are accompanied by efforts
of defining it, a satisfactory definition of the phenomenon loosely given the label seems
to not yet exist. The origins of the concept are often traced to the 2001 paper by Laney
at Gartner (Gartner and Laney 2001), where the qualitative changes in data and its
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accumulation were defined by three v’s, volume, velocity and variance. Subsequent
definitions have introduced for example additional v’s, like veracity, variability,
visualization, value to name a few (Newell and Marabelli 2015), blurring the definition
further. For the sake of conceptual clarity, here we identify the phenomenon through
three vantages: origins, constitution and use.

With respect to the origins of big data, Newell and Marabelli (2015) propose a
category of two (human-digital interaction, e.g. social media and internet searches and
signals from embedded sensors), whereas Zuboff (2015) identifies three more sources
(computer-mediated digital economic transactions, corporate and government data-
bases, and surveillance systems) to present altogether five source categories. Here we
utilize the more comprehensive categorizing by Zuboff to ground our approach.

The human-digital interaction refers to the traces people leave when utilizing the
digital devices by e.g. browsing the web, using social networking sites and navigation
services, or storing online fitness activities recorded by wearable devices. Especially
when using mobile digital devices, we are creating data harnessed also by embedded
sensor technology tracking for example our location (Abbas et al. 2014) or even the
intensity of our discussions (Greene 2014). The developments in sensor technology are
quite notable: it is for example possible to detect from a distance whether the driver of a
car driving by is under the influence of alcohol (Hewitt 2014), or even to monitor
brainwaves (Sundaresan 2017), each of these applications resulting in creating data in
numerous forms. Equally notable are the sensor technology developments underpin-
ning the Industry 4.0 scenarios (Gilchrist 2016; Hermann et al. 2016; Kagermann 2015)
in the industrial setting, and in the creation of the so called internetof-everything, the
development of smart gadgets and equipment for both industrial and domestic use.
These developments in the sensor technology have also an impact on the third data
source identified by Zuboff (2015), the surveillance systems (Lyon 2015), taking
additional advantage of the increasingly ubiquitous cameras and satellites.

These three types of data sources represent the new forms of data creation, where
the data being harvested is far from uniform or categorized at the outset. In contrast, the
fourth source, government or corporate databases, is old and as such, mostly reliant on
a priori categorizing the desired data, including its form. This means that the type of
data originating from these more traditional sources is qualitatively different to the data
resulting from the more contemporary sources of big data: for example, a governmental
health related database contains only such information of the citizens that someone at
some point has deemed pertinent to ask and store. The fifth identified source, the traces
of digital transactions (Varian 2010) falls in between these categories, as a part of that
data is predefined and -categorized, consisting of alphanumerical information, whereas
a part of that data is mere imprints of the events and actions accompanying the
transaction processes.

In terms of the constitution of big data, Constantiou and Kallinikos (2015) detail the
diversity of the types of data being accumulated. Part of the data is pre-categorized and
alphanumerical (like the data in governmental databases, for example), but more
notable are for example the images, location specific data, audio signals and social
network system tokens, such as Facebook “Likes”, resulting from the newer types of
data creation. In contrast to such data that has long been used in business intelligence
(i.e. harvested by firms to facilitate decision-making by seeking out answers to
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predefined questions), these new forms of data do not result from a priori planning and
categorizing the specific type of data needed for specific business purposes but accu-
mulates as a trace of all types of digital activities (Chen et al. 2012). This type of data is
not “sorted in the way in” (Weinberger 2007), but instead requires advanced analytical
and processing capabilities in distilling the meaningful from the noise.

To recap, the sources of big data can be categorized into five types, and the
constitution of data can be reduced into two types based on prior literature. However,
similar typologies focusing on the uses of big data are largely absent in the literature.
To address this void in the extant literature, we argue for three questions that can guide
both data use related theorizing and strategically exploiting the potential of big data.

3 Three Continua of Strategic Utilization of Big Data

The first continuum stretches between generalizability and personalization. It pertains
to the expected value generation of data: do we want to use the data in seeing patterns
and trends, or do we want to be able to predict the actions of an individual, be it human
or machine? The second continuum relates to our access to data, and consists of the
polar ends of proprietary and networked sources of data: can we source all data through
our own efforts, or do we need data from external sources? The third continuum relates
to the level of investments we are willing to make in our data processing capabilities: is
our business primarily in refining the raw data, or in utilizing the refined data?

Next, each of these continua is explored in more detail, followed by a synthesizing
framework that can provide starting points for strategic data use.

3.1 Utility: Generalizability vs. Personalization

The first strategic question in thinking about the potential use of the enablers of big data
is: does the business benefit more from understanding general trends and patterns, or
from being able to understand the behavior of an individual, be it a human, a process or
a machine? The answers to this question form a continuum along which the firm can
position itself.

A furniture retail firm was struggling with staffing issues in their physical stores –
the customers peaked seemingly at random, which meant that the store was constantly
either overstaffed or understaffed in regards to the customer needs. The firm hired a
consultancy specialized in data analysis, and after some twists and turns, it was found
out that the customer peaks correlated with local weather patterns: customers kept
pouring in the day after it had rained and poured outside. While the data revealing this
insight did not enable analyzing the causes of this, it however helped the firm in its
staffing issues: a year later the personnel costs were notably smaller, and the turnover
rate of sales on the peak days was notably better.

This example captures nicely the potential of big data in identifying patterns and
creating generalizable preferences. The massive amounts of data about seemingly
unrelated issues processed with algorithms enables seeking and seeing correlations. In
industrial setting, such correlations can be found between error logs and for example
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specific type of use or location, thus helping in designing predictive maintenance
protocols.

However, while these correlations and patterns reveal a lot about the aggregated
tendencies, they do not yet yield information about the individual dispositions. Newell
and Marabelli (2015) highlight the issue with an example from the field of insurance.
Based on comparing the accident logs with the information about the drivers of those
vehicles, young male drivers, as a group, drive more recklessly than other groups.
However, this information cannot be used as grounds for charging young men more for
their car insurance, because that risks discriminating against such young men who drive
safely.

This leads towards the other end of the continuum; the use of big data in per-
sonalization, also dubbed as little – or small – data by some authors (Boncheck 2013,
Newell and Marabelli 2015). Continuing with the insurance example, it is possible to
gather data from the driving behavior of an individual with equipment fitted into the
vehicle (e.g. use of gas, brakes, speed, acceleration) or through identifying a passing
car by means of surveillance equipment (cameras, road sensors) and a connection to for
example license plate registries. This data can then be compared to the general data
about what type of driving typically leads to accidents, and from those correlations it is
possible to derive a personalized prediction about the likelihood of a specific individual
having an accident. That information can then be used in allocating a risk premium or
offering a discount on the insurance, as for example some companies already do
(Progressive N/A).

In social media marketing, the recent case of Cambridge Analytica (Cadwallar and
Graham-Harrison 2018) highlights other applications of personalized insights extracted
from big data. By first harvesting vast masses of Facebook “likes” from diverse
individual and connecting that data to the results of the online personality quizzes of
those same individuals, it has been possible to deduce for example the political
opinions of people based on their “liking” Kitkat or Harley Davidson (Kosinski et al.
2013). This means that through analyzing the “likes” of an individual, it is possible to
create fairly accurate predictions of the preferences of that individual, which then in
turn enables microtargeting of ads, personalized marketing. Additionally, in the
industrial side this approach enables monitoring a specific piece of equipment and
predicting its maintenance and service needs. Comparing the general error log data with
the data about how specific environmental circumstances and use of that equipment
correlate with that data, and then analyzing the accumulated data of the environment
and use of a specific piece of equipment enables estimating the need for servicing of
that specific piece of equipment.

To sum, while from the technical perspective of harvesting and analyzing data this
use-related distinction can be to a degree neglected, understanding the business utility
of big data is an essential strategic choice.

3.2 Access: Proprietary vs Networked Data

The question facilitating the positioning along the second continuum of data access is:
to what extent is it possible to ground the strategic decisions of the firm on the
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internally generated (operational) data, and to what extent is access to external data
sources necessary for strategic purposes?

The second continuum is underpinned by the insight that data required and gen-
erated in the process of firm activities (stored often in diverse CRM and ERP solutions),
and the data needed in strategic business related decisions should be seen as two
distinct types of data as defined by its use. The first type of data is operational,
necessary in and generated as a side product of the operations of the firm, but it is the
second type of data that is required in strategic decisions. The important distinction to
understand is that while the underlying data sets (including generating, storing and
processing the data) may be the same, the use of that data is different depending on
whether it is used for operational or strategic purposes. In our second dimension, the
question is about the tightness of the coupling between these two uses of data.

At the one end of this continuum, it is possible for the firm to exploit the data it
generates for the operational purposes also in strategic decisions to the degree where it
is not necessary for the firm to source data externally. An example can be found from
traditional heavy machinery industries where the main economic logic is that of
economies of scale, and the competitive advantage results from superior cost-
efficiency. In that context the data generated by the operations, including operative
costs like fuel, material, downtime of machinery and personnel can be utilized in
identifying factors that increase the costs and thus diminish the bottom line. What
follows is that from the business perspective, such decisions that reduce the costs are
directly aligned with the low-cost strategy, and as such, strategic. In these contexts, the
benefits from big data emerge from the capability of the firm to process its operational
data also in its strategic pursuits of low costs.

In this realm, the only external information required is the buying and selling prices
of the relevant markets. The required data sources are primarily internal, related to the
operations of the firm, however the technological advances in sensor technology and
connectivity mean that in order to exploit the potential of big data fully in this context,
it may be necessary to retrofit the mechanical pieces of equipment with such systems
that enable the more comprehensive monitoring of all operation related processes and
resulting costs.

At the opposite end of this continuum this connection between the internally
generated data and the data required for strategic decisions is decoupled. The firm may
or may not generate data for its operational purposes, but the business decisions are
highly dependent on data from external sources. Shipyards serve well to illustrate this
position at the other far end of the continuum. Shipyards operate in the nexus of on the
one hand the ship owners and carrier lines, and on the other hand the multitude of
subcontractors responsible for designing, constructing and implementing diverse sys-
tems, ranging from the heavy machinery like the engines to the interior design, elec-
trical systems and various navigating related solutions. In short, the shipyards can be
envisioned as a type of platform where the diverse needs of the ship owners and
operators meet the diverse offerings in the field of maritime engineering. In order for
this platform to create value, it needs access to several external sources of data, related
to not only the contemporary technological advances in the maritime engineering, but
also to the drivers of competitive value in the shipping industry, the overarching
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regulatory and environmental developments in the maritime industries, and the overall
market trends and ecosystems in global maritime transportation industries.

In these types of settings, the value from big data emerges from the capabilities
geared towards creating appropriate data collaboration relationships grounded on
strategic insights about which types of big data have strategic value, where do such
types of big data originate from, and how and by whom should the volumes of
heterogeneous data be processed. This last type of capability leads towards the third
continuum in the conceptual framework of strategic data use.

3.3 Investments: Raw vs Refined Data

The third continuum assesses the optimal tradeoff between the investments on the
requisite data-processing capabilities and the expected value returns of those invest-
ments: can the firm create value from possessing such sophisticated data-processing
capabilities that enable dealing with the raw data, or does the value emerge only from
wielding refined data?

The third continuum can be approached through looking at the diverse stages of
making sense of the masses of data. Each stage is accompanied with specific
requirements, in other words investments in specific types of data-processing capa-
bilities. This translates into strategic decisions, where the required investments in data-
processing capabilities in different stages of data analysis can be weighed against the
business goals: in short, where is the firm-specific cut-off point where the benefits of
having such capabilities in-house outweigh the costs of the requisite investments.

As previously discussed, the big data consists of both pre-categorized alphanu-
merical data, and uncategorized, highly heterogeneous data. This means that the pro-
cessing of the latter type of data has to begin with rendering the data uniform enough to
be processed together: ultimately this underpins the notion of digitalization, which
means that the diverse types of data signals are digitized, made into bits (binary digits)
(Tilson et al. 2010) that can then be processed by various digital technologies. So, the
first set of data processing capabilities are such technologies that facilitate digitizing of
previously heterogeneous data.

However, the subsequent mass of digital data is still amorphous and unorganized.
Unlike traditional data already gathered based on predefined categories, this mass of
data needs to be categorized. This is the second stage of data processing, where the
artificial intelligence, i.e. sophisticated algorithms are necessary, because processing
the vast amounts of data isn’t a feasible task for human capabilities. However, this has
two pre-requirements: first of all, the firm needs to have the resources needed in
developing or accessing the requisite algorithmic capabilities, and secondly, the firm
needs to have the human capabilities required in delineating the desired categories then
filled with the sorted data – even the most sophisticated algorithms function only based
on what they are coded to do, based on the categories they are programmed to identify.

In the third stage, the algorithms are equally necessary. When the unorganized
noise of big data is first digitized and then categorized, the artificial intelligence can be
used in finding patterns and correlations within or in between the diverse categories. It
is here that the business benefits begin to emerge. However, what is still needed,
especially on the human side, is the fourth stage, the capability of understanding how
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and why certain patterns and correlations could have business value, what is the
strategic importance of the unearthed insights.

The strategic positioning of the firm in this third continuum emerges through asking
the question of whether our competence lies in the first three, or in the fourth stage – or
maybe the competitive advantage is a result of having the requisite capabilities in all
stages. Amazon is an example of a firm that has invested heavily on capabilities
spanning the whole continuum, there are data analyzing firms exploiting the business
potential of focusing on the first two stages, whereas for most of the businesses the
value of big data derived insights begins to emerge only when the results of the third
stage of analysis are combined with the specific strategic needs and ambitions of the
firm identified with the fourth stage capabilities.

This third continuum has also another dimension, related to the discussion in the
context of the second continuum. Many firms generate masses of operational data that
they may or may not use in the strategic decision-making. In the case where the
operational data does not carry business value for the focal firm, it might however carry
business value to another actor. This means that one of the offerings a firm could
consider would be selling (or sharing) the data it generates, either as raw or refined,
depending on the emphasis on the data analyzing capabilities in-house. So, ultimately a
firm has four choices in regards to data collaboration, depending on its choices in data
analysis capabilities, its evaluation of the strategic value of its internally generated data,
and its evaluation of its strategic external data needs.

First, if the firm has invested little in the data analyzing capabilities, it can sell (or
share) such internally generated raw data it regards of little strategic importance to itself
and acquire such refined external data it deems having strategic business value. The
other three options presume a level of internal data analyzing capabilities. The firm can
still sell (or share) raw data with little value to itself but acquire such raw data it deems
valuable and possesses the capabilities to analyze. With adequately sophisticated
analyzing capabilities, the firm can sell its data in an already refined form and acquire
raw data it then processes to meet its needs – or the needs of its customers, if the firm is
in the actual business of data analyzing. Finally, the firm can also acquire refined
external data, and in turn offer refined internally generated data. This last option
requires a crystallized understanding of the specific data needs in both the strategic
actions of the business itself, and in the businesses of the data collaborators.

3.4 Conceptual Framework: Starting Points for Strategic Big Data
Utilization

Traditional data gathering processes result from predefined data needs answered by
gathering pre-categorized data to answer premeditated questions. As a result, the data
in traditional corporate and governmental databases is relatively homogeneous (al-
phanumerical), structured, and it fills a predefined purpose. In contrast, the big data
generated from the sources of human-digital interaction, surveillance systems, sensors
and partly digital transactions is highly heterogeneous and trans-semiotic (including not
only text and numbers, but also image, sound and activity tokens), and un- or
semistructured, and its accumulation is not only a result of purposeful data collection
but a residue of the actions and interactions within the digital realm.
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Tackling these issues emerging from the origins and constitution of big data leads
towards our conceptual framework. To begin with, can the firm benefit from making
the heavy investments required in having the capabilities spanning the whole contin-
uum or should it focus on a specific set of data processing capabilities? In addition, as
the raw data is in itself useless, how does the firm ensure the adequate access to the
other stages of data processing capabilities, if its position on this continuum is narrow?
Furthermore, what is the level of coupling between the internally generated operational
data and the data required for strategic purposes: i.e. is possible to rely of proprietary
data alone or is external data needed, and if so, should it be raw or refined – and with
whom and how should the data collaboration agreements be sketched?

Ultimately, however, the aforementioned questions need to be aligned with the
anticipated business utility of data: in terms of the business goals of the firm, is it
necessary to glean personalized insights or can most value be derived from general-
izations? To sum, these choices can be envisioned as a three-dimensional matrix,
depicted below (Fig. 1).

In the nexus where the utility of the data is realized from generalizable insights,
access to data is proprietary, and the investments on data processing capabilities are
primarily based on dealing with refined data, the strategic data use is still quite tra-
ditional, merely enhanced by the efficiency enabling facets of data and automation.
However, as soon as the strategic aspirations move onwards on any of the dimensions,
the changes in the data use become more profound, increasing both the potential
benefits of harnessing big data, and the risks, costs, and complexities in handling the
big data. This means that moving onwards on any of these dimensions should be firmly
grounded on the overarching strategic choices and business goals of the firm, which
subsequently implies that the optimum position along each continuum is highly firm
specific, dependent on both the endogenous capabilities and dispositions, and the
exogenous environmental elements.

Fig. 1. Conceptual framework of strategic data use
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4 Discussion

4.1 Contributions

As its chief contribution to the literature on the strategic potential of big data, the
present paper has put forward a framework for strategic utilization of big data. In doing
so, the paper responds to the call for research on big data and decision-making (Abbasi
et al. 2016). Moreover, this research also continues the discussion initiated by Con-
stantiou and Kallinikos (2015) who highlighted the changes in the strategic contexts
resulting from big data: we acknowledge the inevitable changes and go further in
exploring the subsequently emerging choices regarding the strategic approaches to
utilizing data. Furthermore, we heed the call (Bharadwaj et al. 2013) for the need of
digital business strategy where the strategic choices of data use are embedded in the
overarching business strategy. As our contribution, we present the conceptual frame-
work identifying the questions underpinning the deliberate data use, which enables
assessing the alignment between the overall business goals of the firm and its big
datarelated choices.

The framework has both theoretical and practical value. In terms of theorizing, it
provides a possible way of categorizing the discussions concerning the third vantage of
big data, the deliberate use of big data. For practice, our framework highlights that the
further from the nexus of generalizable, proprietary and refined data use the ambitions
of the firm in terms of data are, the bigger the complexities, required investments and
potential rewards are – and the less the firm can rely on traditional methods of using big
data as a subset of business intelligence. Furthermore, understanding these strategic
choices of data use can serve as a basis for differentiation through developing analytical
capabilities and insights (Abbasi et al. 2016).

4.2 Limitations and Future Research

Like any other, the present study is not without limitations. We thus suggest future
research addressing the limitations and shortcomings of the present study.

First, due to the conceptual nature of the present study, we cannot provide first-
hand empirical evidence of the applicability of our framework. As a result, future
research should empirically scrutinize the framework, including also the firm-
dependent guidelines for assessing the optimum position along the continuums.

Second, due to space limitations, we have not discussed role of analytics and
business intelligence (cf. Chen et al. 2012). Future research should investigate and
elaborate on the analytical capabilities, tools and processes needed to obtain the desired
business impact of each type of big data use presented in our framework.

Third, in addition to analytical capabilities, tools and processes, the strategic
choices presented in and guided by our framework are likely to have ramifications on
the firm level but also the network-level business model. We thus suggest future
research focusing on how utilizing different types of big data should manifest in the
business model and vice versa (cf. Woerner and Wixom 2015), including the network-
level effects.
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And finally, the big data driven changes to the strategic choices and decision-
making processes are by no means limited to the questions of data use. The research on
these changes is nascent, with ample room for further scholarly contributions.
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Abstract. This study aims to identify the values of MOOCs in education from
students’ perspective in China. The value of Massive Open Online Course
(MOOCs) can be seen as the benefits associated with the use of MOOCs in
education. To address this, we employed the Value-Focused Thinking
(VFT) approach to identify the values of MOOCs with university students in
China. Twenty active students of MOOCs were interviewed in China. Based on
the data collected from the interviews, we developed a means-ends objective
network describing the value of MOOCs in education. According to the results,
efficiency in learning, effectiveness in learning, convenience of learning,
learning experience of MOOCs, and usability of MOOCs were identified as the
fundamental objectives to maximize values of MOOCs in education.

Keywords: Massive Open Online Course (MOOCs) � The value-focused
Thinking (VFT) approach � Means-ends objective network � Value

1 Introduction

Massive Open Online Courses (MOOCs) can be seen as a technology enhanced
innovation in online distance learning of higher education. MOOCs are defined as
digitized materials offered freely and openly for educators, students and self-learners to
use and reuse for teaching, learning and research [18]. More and more universities are
offering MOOCs to their students. MOOCs use information technology to support
interactions between the instructors and students, which may lead to enhanced learning
outcomes. Since MOOCs are regardless of time and location, MOOCs provide students
a new channel of acquiring educational resources. With the open environment, MOOCs
enable a diverse group of learners to collaborate and learn together. MOOCs offer
through platforms (e.g., Coursera, edX) on which allow students across the world to
participate in the course. Many students have completed MOOCs successfully.

Although MOOCs are getting increasingly popular, there has been an ongoing
debate about the educational values of MOOCs [7]. For instance, the high dropout rate
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of participants is one of the major challenges of MOOCs [6]. Hew and Cheung [11]
studied reasons why students sign up for MOOCs and why students drop the courses.
They identified the following main reasons for dropping out MOOCs: lack of incen-
tives, failure to understand the content material, having no one to turn to for help, and
having other priorities to fulfill. The lack of a social environment that facilitates sus-
tained student engagement has also been identified as a reason for high dropout rate [1].
Moreover, another criticism of MOOCs is the insufficient pedagogical approaches that
are applied to design and run MOOCs [20]. Furthermore, individual’s learning styles
also have strong impact on the learning outcomes of MOOCs [9]. Some students may
prefer to have face-to-face classroom teaching. These students may not be interesting in
taking MOOCs. Last but not least, some teachers may have a lack of trust in technology
associated with MOOCs [8]. Most previous research tended to focus on the adoption of
MOOCs [10], and teaching and learning in MOOCs from a pedagogical perspective
[12]. However, few studies tended to focus on the values of MOOCs from students’
perspective. The purpose of this research is to identify the values of MOOCs from
students’ perspective. The research question of this research is: what are the values of
MOOCs from the perspectives of students. To address this, we employed the value-
focused thinking (VFT) to identify the values of MOOCs with university students in
China. This is helpful to make the use of MOOCs with maximized values.

The rest of the paper is organized as follows. We present the literature review in
Sect. 2. Section 3 illustrates the research method. Section 4 describes the application of
the methodology and results of this study. We discuss the findings of the study in
Sect. 5. Section 6 concludes this research and points out some future research
directions.

2 Literature Review

The literature related to this research is discussed in this section.

2.1 Online Learning

Online learning is defined as learning that takes place partially or entirely over the
Internet [17]. Online learning provides an alternative way in delivering knowledge.
Online learning is designed to enhance the quality of learning experiences and out-
comes [17]. Online learning has become popular because it enables learners to have
flexible access to knowledge regardless of time and location. Previous studies have
been carried out to study online learning from different perspectives. For instance, the
authors [25] investigated the learners’ perspectives of online learning. Some studies
focused on the adoption of online learning (e.g., [13, 19]).

MOOCs can be seen as a form of online learning. Most MOOCs consist of rela-
tively short video lectures and related content while feedback is managed either with
peer-review and group collaboration or by automation [2]. MOOCs have two major
features: open access to anyone, anywhere with Internet access [16, 26], and scalability,
in which courses are designed to support an indefinite number of learners [21].
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2.2 Research on MOOCs

There are some existing research works on MOOCs. For instance, the author investi-
gated the adoption of MOOCs from the perspective of the institutional theory in China
[10]. In [11], the authors studied motivations and challenges of using MOOCs. In [4],
the authors studied the value of delivering MOOCs from key stakeholders’ perspectives
in Caribbean. Six stakeholders were interviewed in [4]. However, none of he inter-
viewees had experience with MOOCs before. In [2], the authors explored factors that
enhance an individual’ intention to continue using MOOCs

The success of MOOCs in education depends on the users’ adoption of MOOCs.
The sustainability of MOOCs is associated with the participation from key stakeholders
involved in MOOCs (e.g., students and instructors). It is important to understand the
benefits, weaknesses of MOOCs in educational settings. On one hand, the identified
benefits and weaknesses are the important factors for the adoption of MOOCs. On the
other hand, these benefits and weaknesses are also able to provide some insights for
further development of MOOCs. This motivated us to further study the value of
MOOCs in China.

To our knowledge, the literature on the usage of MOOCs in China is still devel-
oping and lacks comprehensive studies and empirical evidences. This research draws
attention to value-focused thinking (VFT) to investigate the value of MOOCs from the
perspectives of students in China. This research aims to complement and extend
existing research by focusing on the value of MOOCs in the Chinese context. Fur-
thermore, it is a continuing effort in studying the potential factors to enable students to
use MOOCs, which would potential contribute to the existing research on the adoption
of MOOCs.

3 Research Methodology

The value focused thinking approach [15] provides a method to identify values and
structure the identified values systematically. Values are defined as principles used for
evaluation by customers [15]. Values that are of concern are made explicit by the
identification of objectives. An objective is a statement of something that one desires to
achieve [15]. VFT approach can result in a means-ends objective network which can
represent fundamental objectives and means objectives.

VFT is a decision technique developed by [15] where values are the primary focus
of the decision-making process. VFT is designed to focus the decision-maker on the
essential activities that must occur prior to solving a decision problem [14]. In this
study, we aim to get insights of the essential activities that must occur to maximize the
value of MOOCs in education from students’ perspectives. Therefore, it is believed that
VFT is an appropriate approach to address the research question. The VFT approach
has been applied to the research in information systems, such as creativity in under-
standing users’ privacy and security concerns with SNS [5], understanding the values
of mobile technology of education [24], the values of live game streaming [27], and
strategic implications of mobile technology [22].
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The VFT approach is chosen to answer the proposed research question ‘what are
the values of MOOCs from perspectives of students?’ as the approach helps identify
value objectives.

The application of the VFT methodology in exploring students’ perspectives on the
value of MOOCs in higher education can lead to a more comprehensive information
collection which can result in an improved level of understanding of the value of
MOOCs in education. The VFT approach is designed to identify what is important and
how this can be achieved as it focuses on what the decision-maker cares about [14, 22].

In this study, we employed VFT approach as follows (see Fig. 1):

• Step 1: Identify users of MOOCs. Getting information and insights from the users
of MOOCs is significant to assure the accuracy of the values and objectives.

• Step 2: Develop a list of the initial value objectives and convert them into a
common form. Several techniques such as wish lists, problems and shortcomings,
alternatives can help conclude the possible objectives from the insights and make
them easier to comprehend.

• Step 3: Identify the objectives and distinguish the fundamental objectives from
means objectives. Fundamental objectives are the ends that decision makers valued
in a specified context, while means objectives are methods to reach the ends. In the
process of distinguish means objectives from fundamental objectives and build their
relationships, Keeney suggested using the question “why is that important” [15].
For each value objectives, the question will result into two types of possible
responses. One is that this objective is one of the essential reasons for interest in the
situation, and it is the fundamental for decision making. That is called fundamental
objective. Another response is that the objective is important because of its
implication for other objective, which is called means objective [24].

• Step 4: Build the means-end network on the basis of the third step. The network
provides a model describing the specified relationships between fundamental
objectives and means objectives. According to this, analysts could find out how
fundamental objectives can be achieved via means objectives. And the relationships
presented in the network can help analysts to better understand the complex value
system of decision makers.

Fig. 1. Steps of VFT approach
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4 Application of the Methodology

4.1 Data Collection

Data collection was done with students in different universities in one province in
China. We invited students from different universities to participate in this study. As a
result, a total of 20 students agreed to participate in this research. The VFT approach
was applied to uncover the values of MOOCs in China from students’ perspective.
Interview questions were emailed to the participants two days before the scheduled
interviews (see Sect. 4.3 for the questions).

4.2 Subjects

Twenty respondents participated in this research were university students in different
majors and aged from 19 to 24 years old. They had taken MOOCs at the university
before and had some experience with MOOCs. Therefore, it is believed that these
participants could precisely comprehend our research questions and express their
felling about MOOCs, such as benefits, limitations and weaknesses.

4.3 Identifying the Value Objectives

Following the VFT approach, we interviewed the participants with the probing ques-
tions below:

What are the benefits of using MOOCs, and why is that important?
What problems have you faced in using MOOCs?
What encourage you to finish a MOOC?
If you have a chance to develop a MOOC, what features or functions do you want to add?

Using these questions, we collected an initial list of value objectives about MOOC.
On the base of these initial list, we used the “Why is that important” test to explore and
distinguish means objectives and fundamental objectives. The “Why is that important”
test introduced subjects to think critically about the relationships between value
objectives. The subjects need to think the essential reason why he or she uses MOOC.
Until the subject said “I think the objective is important because itself is important”, the
test is done and the fundamental objectives have been identified.

Using the “means-ends” chain theory, the relationships between these value
objectives had also been found out. The specific steps are as follows:

When one respondent mentioned “I think the reason why MOOC is attractive to me
is that it gives me an opportunity to get access to the elite courses in famous schools”,
the researchers then asked “Why access to the elite courses is important to you in
MOOC learning?” Respondents answered that “Elite teacher often has a more widely
horizon than ordinary teachers in the same subject, they can use many cases or models
to help us better understand the course materials.. In MOOC class, I not only have a
chance to join these elite courses, but also can choose them on my own.” The
researchers then asked, “Why do you think having an opportunity to choose a course is
important?” Respondents said “Learning behavior varies from person to person, and
different teaching methods fit different learners. The traditional way of teaching is that
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students only have to accept the teacher who arranged by school and his/her methods.
While in MOOCs, students have opportunities to make their own study plans by select
different courses and teachers.” The researchers asked “Why making a learning plan by
yourself is important?” Respondents replied “Because I could be more efficient in my
own learning pace”. “Why is efficiency important?” Respondents answered “The
efficiency of learning is intrinsically important.”

In this example, after coding the interview content, the means-end chain is as
follows: “Maximize participation of educational resources”, “Maximize alternative of
courses”, “Maximize customized learning”, “Maximized efficiency in learning”. In the
chain, the last “Maximized efficiency in learning” will be recognized as the basic
fundamental objectives, and other value objectives are means objectives which use to
achieve the fundamental objectives.

As the research data came from the dictation of the respondents, and each of them
had his/her own way of expression, this may result in some misunderstanding. On the
other hand, the data identification process could also been influenced by the subjec-
tivity of researchers to a certain extent. In order to minimize the influence of subjec-
tivity of researchers and increase the reliability of this research, another researcher had
been invited to participate in the step of identification and classification of the value
objectives.

Two researchers firstly conducted coding of six interviews, and identified funda-
mental objectives and means objectives from the interview material independently.
Then the coding results had been compared, with 90% of the coding in the same. Some
ambiguities caused by oral and written expression had been discussed. After an
agreement was reached, one researcher coded the remaining interview material. Once
the interview material coding in the previous step has been completed, three researchers
reviewed all the coding results, merging duplicate values and removing the extra
values. The results of the identification of value objectives were showed in Table 1.

4.4 Identifying the Value Objectives

We have identified fundamental objectives and means objectives and their relationships
in Sect. 4.3. The developed Means-Ends objective network is presented in this section
(see Fig. 2). In the Means-Ends objective network, every means-end relationship has at
least been mentioned by four respondents. This is to assure built Means-Ends objective
network obtain main and common relationship [23].

5 Discussion on the Findings

This study used a qualitative research approach to understand the values of MOOCs in
education from students’ perspectives (e.g., what do students expect with MOOCs in
education), and developed a means-ends objective network that depicts these values
and their relationships.

This paper contributed to previous literature. Firstly, to our knowledge, our study
was one of the first studies that formally investing the values of MOOCs. Second, our
study contributed to the existing literature on using value-focused thinking approach to
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Table 1. The results of the identification of value objectives Fundamental

Objectives:

Maximize efficiency in learning
Example: Maximize time self-management
Maximize progress self-management
Maximize effectiveness in learning
Example: Maximize acquisition of knowledge
Maximize understanding of learning materials
Maximize convenience of learning
Example: Minimize time/location constrains for learning
Enable studying in fragmented time
Maximize learning experience of MOOC
Example: Maximize assistance from others
Maximize support from Internet
Maximize usability of MOOC
Example: Maximize ease of use of MOOC service
Maximize ease of search/navigation on MOOC platform
Means objectives:

Maximize utilization of information technology
Example: Maximize the presentation of course content with multi-media tools
Students’ learning data can be collected in the background and be analyzed
Maximize interaction in learning
Example: Improve the interaction experience between students and instructors
Improve the interaction chance among students
Enable online testing
Example: Students can take test anytime and anyplace
Instructors can organize more quizzes, exams during the course
Maximize immediate feedback
Example: Maximize students’ ability to get immediate answer
Maximize instructors’ ability to offer real-time question/answering
Maximize virtual collaboration among students
Example: Maximize ability of collaborative learning tools
Maximize collaborative learning chance among students
Maximize coverage area and connection speed of Internet
Example: Maximize Internet access points
Maximize Internet connected speed
Minimize learning equipment threshold
Example: Enable MOOC learning in a low-cost computer
Enable MOOC learning in a low-cost mobile device
Maximize accessibility of MOOC resource
Example: Maximize access to MOOC services at any time
Maximize access to MOOC services at any place

(continued)
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Table 1. (continued)

Means objectives:

Maximize information sharing/communication
Example: Maximize exchange of information among students
Maximize the communication of students and instructors
Maximize student involvement in learning
Example: Maximize students participation in learning
Minimize aloneness brought by online learning
Maximize flexibility in time arrangement
Example: Enable students arrange their learning time in demand
Maximize flexibility in learning schedule
Example: Enable students arrange their learning schedule in demand
Minimize cost of learning
Example: Minimize cost of purchasing course resource
Minimize other cost during MOOC learning
Maximize participation of educational resources
Example: Maximize the participation of instructors in MOOC
Maximize the participation of institutions in MOOC
Maximize alternative of courses
Example: Maximize varieties of MOOC courses (category, complexity) for students to choose
Maximize customized learning
Example: Enable students learn at their own pace
Provide personalized learning plan for each student
Enhance usability of user-interface
Example: Maximize ease of user guidance
Maximize ease of MOOC service
Minimize language barrier
Example: Provide mother language courses for students
Provide mother language subtitles for foreign students
Maximize accuracy of course search
Example: Maximize ease of course search engine
Enable users view course comments from others
Maximize social recognition
Example: Provide a MOOC course certification after finish learning
Maximize the influence of MOOC course certification
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explore the values of innovational services. Lastly, we added new evidences of how
students expect to benefit from using MOOCs in the competitive learning environment.

According to the results, a total of 25 objectives were derived from the collected
data in the interviews. Efficiency in learning, effectiveness in learning, convenience of
learning, learning experience of MOOCs, and usability of MOOCs have been identified
as the five fundamental objectives to maximize values of MOOCs in education. Twenty
means objectives were identified as important objectives to realize the derived five
fundamental objectives.

Fig. 2. Means-ends objective network
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The developed means-ends objective network also revealed some problems with
MOOCs. For instance, students would like to have more interactions with teachers.
There is limited contact between students and teachers. This is consistent with one of
the findings in [4]. The authors indicated that teachers’ active presence on MOOCs was
needed [4]. The issue with the active engagement of teachers on MOOCs needs to be
addressed. The university management team needs to find out a solution to encourage
teachers’ active engagement on MOOCs. Some students also indicated that better
Internet connectivity and coverage on campus was needed to maximize the value of
MOOCs. The university can make further investment to upgrade the broadband and
network infrastructure on campus.

Another critical issue with MOOCs is the financial issue. Who is going to fund the
hours instructors spent in developing MOOCs. Teaching a MOOC requires major
commitment and distracts the instructors from their usual campus responsibilities.
Concerning the sustainability of MOOCs, It is important for universities to obtain the
revenue to operate MOOCs.

The results also provided some insights for decision makers at universities. In [3],
the author argued that the use of VFT can improve decision making over traditional
thinking. It is believed that the findings of this study would have impact to decision
makers in the management and development of MOOCs. For instance, decision makers
at university can get a better understanding of university students’ expectation to
maximize the value of MOOCs at an educational setting. Consequently, decision
makers can assess the strengths and weaknesses of operating MOOCs to make further
plans and investments in developing MOOCs in higher education. Furthermore, it can
also help universities develop guidelines for students to take MOOCs.

6 Conclusion and Future Research

This study identified the value of MOOCs in education from the perspectives of
students using VFT approach. It targeted university students since they were one of the
key stakeholders with MOOCs. The results indicated that efficiency in learning,
effectiveness in learning, convenience of learning, learning experience of MOOCs, and
usability of MOOCs were identified as the fundamental objectives to maximize values
of MOOCs in education in China.

We are also aware of some limitations of this study. The sample size of this study
was quite small. Therefore, the generalizability of the results to other users remains to
be determined. Secondly, the participants of this study were mainly between 19 to 24
years old. Although they can represent students of MOOCs to some extent, they may
not reflect the total population of MOOCs’ students in China.

We plan to refine the means-ends objective network by including other key
stakeholders (e.g., teachers) views’ on the value of MOOCs in the future. Furthermore,
we also plan to identify the value of MOOCs in education from students’ perspectives
in some other countries.
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Abstract. The term ecosystem has been widely adopted outside its original
domain in biology, for example in business and engineering studies. Ecosystem
health is a derivative metaphor used to describe the success of the ecosystem. In
this paper, we describe the key shortcomings of ecosystem health research. We
put forward two key postulates of ecosystem health. Based on these postulates
we present a research agenda for ecosystem health.
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1 Introduction

The term ‘ecosystem’ has been widely adopted outside its original domain in biology,
for example in business and engineering studies. Prior studies have introduced terms
including ‘business ecosystems’ (Peltoniemi and Vuori 2004), ‘innovation ecosystems’
(Oh et al. 2016), ‘mobile application ecosystems’ (Hyrynsalmi et al. 2016), ‘service
ecosystems’ (Vargo and Lusch 2011), ‘product ecosystems’ (Frels et al. 2003), among
others. The widespread use implies that the ecosystem analogy has been viewed to
provide value-added for research. At the same time, the use of ecosystem analogy has
also been criticized (see for example Oh et al. 2016; Hyrynsalmi et al. 2015a, Män-
tymäki and Salmela 2017).

In biology, an ecosystem, or ecological system, typically denotes a unit of bio-
logical organization made up of all the organisms in a given area, thus forming a
“community”. Organisms within a community interact with the physical environment
so that the flow of energy leads to characteristic trophic structure and material cycles
within the system (Odum 1966). Ecosystem health is an analogy used to describe
business ecosystems. According to Ianisiti and Levien (2004a, p. 5), ecosystem health
is a crucial concept in business ecosystem research: “if the ecosystem is healthy,
individual participants will thrive; if the ecosystem is unhealthy, individual participants
will suffer”.

Up to date, with one notable exception (Hyrynsalmi et al. 2018), very few studies
have critically evaluated applicability of the ecosystem health analogy outside the
biological domain, for example with respect to business or software. To address this
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void in prior literature, this study aims to concretize the critique presented by
Hyrynsalmi et al. (2018) towards a research agenda. As a result, the purpose of this
paper is to (i) critically discuss the applicability of the ecosystem health analogy in
business research, (ii) address the key challenges related to the use of the ecosystem
health analogy, and (iii) put forward a research agenda to address these challenges.

The remaining of the study is structured as follows. Section 2 previews the extant
literature on software ecosystem health. Section 3 defines the starting hypotheses and
drivers for the ecosystem health research renewal. In addition, it discusses on various
countermeasures against the seen issues. Section 4 lists the research actions proposed
and Sect. 5 concludes the study.

2 Ecosystem Health as a Metaphor

In addition to different biology inspired analogies such as rainforest or jungle, research
on business networks has used the ‘business ecosystem’ analogy by Moore (1993,
1996), and its derivatives—such as ‘software ecosystem’—as a crucial conceptual-
izations for today’s business networks. A key characteristic that distinguishes natural
ecosystems from artificial ecosystems such business ecosystems is actor’s conscious-
ness of the existence of the ecosystem and the actors involved in the ecosystem
ecosystems (Moore 1993). The fact that actors are conscious of the ecosystem allows
then to also evaluate the health of the ecosystem and adapt their behaviour
intentionally.

In this paper, we view software ecosystem as a subset of the more generic business
ecosystem concept (Hyrynsalmi et al. 2015a). There are several different kinds of
software ecosystems (SECO) focusing on the software producing companies and their
networks (Jansen et al. 2009; Manikas and Hansen 2013a), mobile ecosystems formed
by the companies producing hardware and software for new era smartphones (Basole
2009), and even mobile application ecosystems comprise the relationships of mobile
application marketplaces, their content producers i.e. application developers, and users
(Hyrynsalmi et al. 2014; Suominen et al. 2014). Furthermore, the software ecosystem
concept includes non-commercial open-source ecosystems built on shared code
repositories (e.g., OSGi ecosystem), commercial open-source projects (e.g., WebKit) as
well as platform ecosystems revolve around global players such as Amazon, Facebook,
and Alibaba and utilize the focal company’s interface to customers and brand.

To illustrate the difference between business and software ecosystem, Manikas and
Hansen (2013) pointed out that in a software ecosystem, the relationships between the
actors are based on a shared software technology or a software platform (Manikas and
Hansen 2013a). Based on these considerations, we conceptualize, software ecosystems
are business ecosystems where software constitutes a focal part of the unit of exchange.

Software ecosystem as research area is relatively young, first publications dating
back to the first decade of the 2000s (Jansen and Cusumano 2013). The term and
conceptualization emanate from Moore’s (1993, 1996) work on business ecosystems.
According to Moore (1993), a business ecosystem is a complex network of organi-
zations and individuals that are involved in the creation or delivery of a service or a
product. The business ecosystem concept has hitherto become critical for both scholars
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as well as for practitioners to understand and describe today’s business networks. Due
to the potentially simultaneous cooperation and competition as well as abundance of
organizations involved in the network (cf. Mäntymäki and Salmela 2017; Hyrynsalmi
et al. 2017), business ecosystem are often complex systems.

It is not surprising that business ecosystems are nowadays seen everywhere, from
retail (Moore 1993) to telecommunication (Basole 2009), and from small ecosystems
orchestrated by a single company to massive software-based value-chains consisting of
hundreds of thousands of independent vendors (Hyrynsalmi 2014). According to
Moore (1993) a key characteristic of a business ecosystem is the survival of an indi-
vidual actor depends on the whole network. The survival of the ecosystem is turn
contingent upon the individual actors’ own choices and agency (Moore 1993). Since
then, the literature has examined and put forwards conceptualizations for the well-being
of business ecosystems (e.g. Iansiti and Levien 2004a, b; Hyrynsalmi et al. 2015; da
Silva Amorim et al. 2017; Alves et al. 2018).

Iansiti and Levien (2004a) derived three health measures from biological ecosys-
tems for business ecosystems: productivity, robustness to external shocks, and niche
creation that helps the ecosystem to renew. Iansiti and Levien are (2004a) describe
these three measures as follows:

Productivity of business ecosystems can be measured as e.g. return on capital
invested or economic value-added created from tangible and intangible assets in
producing goods or services. This refers to a biological ecosystem’s ability e.g.
create biomass from inputs such as sunlight.
Robustness, in its simplest form, refers to the survival rate of ecosystem’s mem-
bers, either in relation to other ecosystems or over time. Robustness means that the
ecosystem can face and survive from the changes of the environment.
Niche Creation in the context of business ecosystems refers to ability to create
value by putting new functions into operation and increasing meaningful diversity
in ecosystem through that. Diversity gives ecosystem potential for productive
innovation and indicates its ability to absorb shocks from outside.

In his analysis of ecosystem health literature, Jansen (2014) noted the lack of opera-
tionalisations for ecosystem health. To address this issue, Jansen (2014) presented the
OSEHO, a health model for open-source ecosystems. It is based on health character-
istics defined by Iansiti and Levien (2004a). However, while Jansen’s approach is
holistic, the model is only applicable for the open-source software ecosystem and thus
it cannot be used to evaluate the multitude of different types of software ecosystems.

Ben Hadj Salem Mhamdia (2013) extended the Iansiti’s and Levien’s (2004a)
model and measured the health of an ecosystem with robustness, productivity, inter-
operability, satisfaction of stakeholders and creativity. However, the model is built on
an interpretation that only firms located in the same country would create a business
ecosystem or a software ecosystem. Similarly, den Hartigh, Tol and Visscher (2006)
presented a model and measured well-being of an ecosystem based on their co-location
in the same country. These interpretations and measures presented for the health of an
ecosystem are not compatible with the more traditional interpretation where businesses
are required to cooperate instead of being nearly located.
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In addition, Hyrynsalmi et al. (2015) as well as Manikas and Hansen (2013b) have
presented models for ecosystem health assessment. Hyrynsalmi et al. (2015) adapted a
process-like view on ecosystem health assessment. However, the work is based on
summarizing extant literature and did not presented any empirical validation to support
the models.

Manikas and Hansen (2013b) divided software ecosystem health into three com-
ponents: the health of software, actors and orchestration. This approach diverges from
other conceptualizations and thus provides a novel perspective to study ecosystem
health but lacks operationalization and thus also empirical validation. Furthermore, the
model measures the health of software through the healthiness of components and
platforms. However, instead of a shared platform, software ecosystem can be based on
a common standard (cf. Jansen and Cusumano 2013; Knodel and Manikas 2015).

Finally, some existing critique have presented towards the current models. For
example, Hyrynsalmi (2016) presented a critique towards unclear terminology and
required redefining the concept. Hyrynsalmi et al. (2018) continue the critique by
noting that (i) it is not clear for whom ecosystem health measures are meant to (e.g.,
should they be used by ecosystem orchestrators or customers), (ii) whether the mea-
sures are proactive or only reactive, and (iii) emphasizing that the natural evolution of
an ecosystem (c.f. Plakidas et al. 2016; Teixeira et al. 2017) has not been taken into
account in most of the ecosystem health metrics. However, neither of those works
proposed any concrete steps to improve the current status quo.

3 Key Shortcomings of Prior Ecosystem Health Literature

In this section, we elaborate on the key issues related to ecosystem health that, in our
view, prior research has not sufficiently addressed. To this end, we put forward two key
postulates of ecosystem health.

Key postulate 1: Due to the scattered use of the terms ‘ecosystem’ and ‘ecosystem health’ both
concepts have become muddled and meaningless.

The concepts business ecosystem and business ecosystem health are often used as
labels for systems or networks under empirical investigation without sufficient con-
sideration and argumentation whether the entity under investigation is an ecosystem.
With respect to this issue, Hyrynsalmi et al. (2015) claim that after the labelling has
been done, the ecosystem or ecosystem health aspect is often forgotten. This in turn has
led to a situation where a multitude of easy-to-collect measures are proposed for
assessing the ecosystem health. Thus, in the current discourse, a very diverse set of
entities are labelled and empirically treated as ecosystems. Consequently, more or less
every aspect of the so-called ecosystem can be used to measure ecosystem health.
(Hyrynsalmi et al. 2015b; Seppänen et al. 2017.)

As an example of the easy-to-collect measures for ecosystem health, a number of
prior studies have proposed using lines of code as a productivity measure of a software
ecosystem (cf. Hyrynsalmi 2014 for a summary). However, the number of code lines
has been considered an insufficient metric of productivity for decades (Jones 2000). For
example, comparing different programming languages is hard and work needed to write
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a single line of code varies a lot between different kinds of tasks as well as environ-
ments. Moreover, productivity should capture an ecosystem’s ability to “transform
technology and other raw materials of innovation into lower costs and new products”
(Iansiti and Levien 2004a, p. 3). It is thus questionable whether the number of source
code lines meaningfully captures the productivity of an ecosystem.

To address these issues, we hold it is important to move towards establishing a
baseline for ecosystem health, i.e. defining what being healthy means in the context of
software ecosystems. A potential step to this direction would be to study major soft-
ware ecosystems—such as Google Play ecosystem and Symbian ecosystem—that exist
currently and have already become extinct. The extant literature has focused only on
the existing software ecosystems and omitted the studies of departed ecosystems, i.e.
ecosystem post-mortems (c.f. Hyrynsalmi et al. 2015a; da Silva Amorim et al. 2017).
This could potentially help better understand what health means and whether absence
of health leads into ecosystem death.

Key postulate 2: Existing frameworks to analyse software ecosystem health have been designed
to describe certain ecosystem sub-types but have limited value for identifying general properties
of business or software ecosystems.

According to (Hyrynsalmi et al. 2015a), current research has treated different
software ecosystems as a homogenous group and omitted the rich diversity of different
ecosystem types. For example, when Wnuk et al. (2014) tested the ecosystem health
framework by Jansen (2014), they used a tool designed for general type open-source
ecosystems while their case study focused on a hardware-dependent software
ecosystem.

4 Towards a Research Agenda for Software Ecosystem
Health

In this section, we build on our two key postulate and move towards putting forward a
research agenda for software ecosystem health. To this end, we describe four directions
for future research activities.

Study of extinct and dying ecosystems. We propose future research taking a life-
cycle perspective to ecosystem health. While there are studies analysing the reasons for
the fall of the Symbian mobile ecosystem (e.g. West and Wood, 2013), there is a lack
of research examining specifically how ecosystem health measures evolved during the
ecosystem life. To address this void, future research could look into other ecosystems
potentially approaching the terminal stage and examine how the situation look like
through the current measures of ecosystem health and what kind of weak signals, if
any, might predict the decline of an ecosystem. This type of research could be con-
ducted e.g. with case study methodology.

Study of healthy ecosystems. We propose an analysis of software ecosystems that
are in the different phases of their lifecycles while still considered to be growing. The
focus of the research is specifically on existing health measures as well as identifying
signals, incidents, and contingencies that may predict the success of an ecosystem. This
would help to create a more comprehensive picture of the usefulness of different
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ecosystem health metrics. In addition, by combining the results of this line of inquiry
with insights from the studies of extinct ecosystems, it would be possible to evaluate
the usability and relevance of different metrics in different stages of ecosystem
lifecycle.

Conceptualization of ecosystem health. We propose conceptual research focusing
on ecosystem health. As pointed out by Hyrynsalmi et al. (2015a, 2018), there is an
evident need for increased conceptual clarify with respect to business ecosystems and
ecosystem health.

Ecosystem taxonomy construction. As discussed in Sect. 3, we propose building a
general business ecosystem taxonomy. This would help to make sense in the vast field
of ecosystems as well as to characterize relationships and connections between different
types of ecosystems. The underlying idea behind the taxonomy is that that there are
certain characteristics that are similar between certain types of ecosystems. Thus, by
creating the ecosystem taxonomy and identifying measures that can be applied to study
the health of different ecosystems, the taxonomy could help select the most usable
health measures for each type of ecosystem. Figure 1 below provides an illustrative
example of an ecosystem taxonomy.

Figure 2 summarizes the proposed research lines as well as their expected impacts
to the redefining the field of ecosystem health research. The present study is subject to a
number of threats. First, it is possible that each ecosystem should be treated as a
snowflake. That is, each ecosystem is unique enough that no common characteristics
can be identified. Keeping in mind that there is a limited number of ecosystems
available – and the number of competitive ecosystems that a single market support is
limited (Hyrynsalmi et al. 2015a) plausibility of the snowflake hypothesis needs to be
carefully evaluated.

Second, it is not clear whether the current or even new metrics have predictive or
only explanatory value. That is, software ecosystem metrics might turn out to be useful
tools for explaining the past issues but lack have predictive power to evaluate the
possible future development. Therefore, it is important for the ecosystem health
research field to focus also on empirical studies exploring the limits of different metrics.

Fig. 1. A partial, simplified, example of an ecosystem taxonomy.
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5 Conclusions

This study has presented two key postulates of ecosystem health research and put
forward a research agenda to study ecosystem health. To this end, we have put forward
two key postulates:

• #1: Due to the scattered use of the terms ‘ecosystem’ and ‘ecosystem health’ both
concepts have become muddled and meaningless, and

• #2: Existing frameworks to analyse software ecosystem health have been designed
to describe certain ecosystem sub-types but have limited value for identifying
general properties of business or software ecosystems.

In addition, based on those two postulates, we proposed four research directions that
should be advanced in order to restart ecosystem health research. Our points of
departure to the most of the previous studies are our proposals to focus on ecosystem-
type specific health measures, and to study also extinct ecosystems. The former would
help us to define better-fitting measures for a case at hand. The latter would help us to
evaluate whether the proposed measures are useful for predicting the future develop-
ment and forecasting the fate of an ecosystem based on the health measures.
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Abstract. In this paper we present the findings of a case-study on IT system
security in the area of EU internal security and justice. We have analyzed the
implementation of information security for the EU information systems
EURODAC, SIS II and VIS in case of Estonia. The analysis comes in a situ-
ation, where there are multiple regulations, directives, guidelines; but it lacks a
unified standard for the implementation of the member states subsystems. The
main finding is that a separate standard is not necessary; however, there is a need
for setting minimum requirements, ensuring security of the information systems,
that come with appropriate guidelines that help the member states to achieve the
minimum requirements. The second finding is that there is a need for greater
cooperation and an increased knowledge exchange of the methods used in the
member states. Following defined guidelines and exchanging knowledge would
help to strengthen the level of security for the entire system.

Keywords: Schengen � GDPR � EU-LISA � EURODAC � SIS II
VIS � IT security � ISO 27001

1 Introduction

In this paper we analyze the implementation of information security in the largescale
information systems operated by EU-LISA (European Agency for the Operational
Management of large-scale IT Systems in the Area of Freedom, Security and Justice),
that help to manage the border crossings and asylum requests to secure the Schengen
Area. Since the formation of the European Union, its main goal has been a free market,
freedom of movement and residence. In 1985, the Schengen Area was established and
borders between the EU member states exist only on the map. Citizens from member
states of the Schengen Area can move freely; border control exists only on the external
border of the Schengen Area.

Freedom always comes with responsibilities – the member states have to make sure
that travelers from third countries, who are entering the Schengen Area are people with
good intentions and without criminal background. This is extremely important, because
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the entering point to the area might not be the same as the travel destination. Take the
Berlin terror attack on 19th of December 2016 as an example – the attacker who was
driving the lorry into the crowd in Berlin, Germany, was later found in Milan, Italy.
This illustrates how easy it is to travel to another country – even in a situation of
heightened security risks. Cooperation is the crucial part in the context of free move-
ment. Therefore, the European Commission has requested the development of infor-
mation systems that share and control the information of travelers. The main
information systems are SIS II (Schengen Information System II) [15], VIS/(Visa
Information System) [16] and EURODAC (European Asylum Dactyloscopy Database)
[12]. These systems share information between the member states, allowing authorized
personnel to process personal data and see if a person is flagged for some reason.

The security of the persons crossing the borders or checked in other circumstances
is also of highest priority. Therefore, the information security of the EU information
systems is a very important topic. A good learning point are the cases of Danish and
Swedish authorities in 2013, where information leaked from their national interfaces.
The same hacker was involved in both cases and about 1.2 million records of personal
data from the SIS information system were found from the hackers’ devices. Hacking
took place in the summer of 2012 and was discovered by the Swedes. None of the
Danish systems alerted Danish stakeholders about the problems; they learned about it
from Swedish officials.

Research Questions We analyze the implementation of information security of the
systems SIS II, VIS and EURODAC from the perspective of the Estonian member state
systems provider. The questions that we deal with are the following:

(i) What is the exact policy making and management process of the EU information
systems? In particular, how are system requirements managed?

(ii) How effective are the current regulations, how many of those are mandatoryand
how is the implementation monitored by member states?

(iii) Does the EU need a unified standard on ensuring information security oflarge-
scale information systems?

Methodology and Data In service of (i)–(iii) we have conducted an in-depth review of
the relevant EU regulations (directives, implementing decisions, regulations). We
present the outcome of this analysis. Furthermore, we have conducted a systematic
expert interview with the security officer of EU-LISA. Furthermore, we have conducted
systematic expert interviews with the two key IT stakeholders that have been respon-
sible for the Estonian EU information systems for at least three years at the time of the
research. We have systematically analyzed1 the interviews. We present the outcome of
this analysis.

Paper Outline We start with a detailed explanation of important backgrounds fact
about the EU information systems and their implementation issues in Sect. 2. Section 3

1 tool-based, standard thematic analysis with NVIVO.
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presents our findings with respect to question (i). Section 4 presents our findings with
respect to question (ii). Section 5 presents our findings with respect to question (iii).
We discuss relevant related work throughout the paper and delve into some selected
related in Sect. 6. We finish the paper with a conclusion including some concrete
suggestions in Sect. 7.

2 Operations of the EU-LISA Information Systems

2.1 The EU-LISA Information Systems

The EU-LISA authority has been established in 2011 [21]. The authorities’ responsi-
bility is the preparation, development and operational management of the information
systems SIS, VIS and EURODAC. The systems must be operational 24/7. Further-
more, EU-LISA is responsible for ensuring data and systems continuity, security,
integrity, availability, compliance with EU data protection regulations [11, 18–20] and
training of the national authorities. To serve these tasks EU-LISA needs to collaborate
with national systems providers, data protection supervisors and the security officers
network.

The Schengen Information System (SIS) [15] core function is exchange of infor-
mation between national border control, police and customs officials. The exchanged
information contains alerts about persons, e.g., missing persons and children; also,
information about stolen and lost documents and property – money, vehicles, firearms.
The EURODAC [12, 14] system is an instrument to fulfill the Dublin regulation [8] 2,
which helps to compare fingerprints, to find out whether a person has already applied
for asylum in another member state or whether a person stays illegally in a state. Thus,
it helps to avoid outwitting the European law by “asylum shopping” (attempt to get
asylum in more than one member state). The purpose of VIS [16] is to improve the visa
policy and cooperation between member states; in particular, it facilitates the checks at
the external borders of the Schengen Area. It serves the following tasks: proceeding
visa applications, controlling persons and their visa against the system, managing
asylum requests, identification and checking whether conditions for an entry, stay or
residence are fulfilled.

The main parts of the information systems are central databases and uniform
national interfaces. Every member state develops, operates, maintains its national
systems, which hold copies of the central systems. The national copies are for con-
ducting automated searches on member states’ territory. Data is entered to the central
system. It is not possible to search data from another member states’ national interfaces.
A communication infrastructure between central systems and national interfaces
enables searches and information transfer. The communication infrastructure provides
an encrypted network for the data exchange. Every Member State has the authority and
responsibility for operating the national interfaces, assuring security and compliance
with the regulations.

2 formerly known as Dublin Convention.
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2.2 Data Exchange and Protection in the Field of Police and Justice

By its nature, the field of police and justice that requires processing of sensitive
personal data –data leakage or other illegitimate use of data might result in violation of
privacy or personal harm. The field covers the areas of police and border control,
asylum and immigration, judicial cooperation in civil as well as in criminal matters and
police cooperation. Therefore, this field needs a tailormade protection method for data
protection [4]. The data protection directive 95/46 makes no difference between fields
of data usage, therefore data protection in a field of police and justice is not regulated
specifically. The directive is not applying outside of the boundaries of community law.
Despite of that, the member states have widened the scope of the directive by
engagement of the directive to the national law [1, 26]. The need for a specific regu-
lation for field was acknowledged already in 1987, by the council of Europe. Since then
the provisions have been adopted and in 2005 the Krakow declaration was adopted
[13]. Before the Krakow declaration Europol adopted an Eurojust decision in which the
detailed framework regarding data protection and operation in police authorities was
brought out [1].

Since the 9/11 terror attack in the USA, transmission of information from one field
to another has increased so that information collected for specific purposes might be
transmitted to another field and used for other purposes. This is a risk in terms of data
protection and is not in accordance to the principles of integrity and human rights. The
more officials and authorities have access to the information, the higher is the risk of
entering the incorrect data that might affect the person in other situations; for example,
the visa application process might be more difficult if the SIS II contains a note about
the person or the police might use expired information during the discretion process.
These problems can be solved by applying strict access management processes, e.g.,
task-oriented access [28].

With the new EU data protection regulation GDPR (General Data Protection
Regulation) [20], the focus lays on the minimization of collected data. Therefore, data
protection should be implemented by design, e.g., by measures such as “data protection
by default”. The GDPR contains a directive regarding data processing for prevention,
investigation, detection and prosecution of criminal offences as a tailor-made tool for
the police authorities [20].

2.3 Data Exchange and Protection Requirements

Exchange of the supplementary information of SIS II and VIS, between Member States
and Central units goes according to the SIRENE (Supplementary Information Request
at the National Entries) manual [9]. EURODAC data was transferred between the
central unit and the member states by using the TESTA II (Trans-European Services for
Telematics between Administrations) infrastructure [7], which is, basically, a virtual
private network for public administrations. TESTA II was upgraded to a sTESTA. In
2006 and in 2013, the fourth generation was brought into live with TESTA-ng. TESTA
can be used to exchange both classified and unclassified information. In case that the
communication infrastructure cannot be used, the member states can use other suffi-
ciently secured channels. To make sure that information can be transmitted to the
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authority, a security plan must contain the communication control protocol, where the
requirements of the accepted authorities are listed [15].

According to the EU-LISA IS regulations [12, 15, 16], it is prohibited to make data
available to the third parties such as international organisations or third countries.
Member states shall have the independent supervisory authority that assures the law-
fulness of the data processing procedures and helps to solve requests regarding personal
information held in the information system. The national supervisory authority con-
ducts an audit once in every four years. Similarly, the EU data protection supervisor
conducts an audit once in every four years with respect to the central systems. To
ensure a coordinated supervision, the national supervisory authorities and the EU data
protection supervisor meet every half year to discuss problems, exchange information
and unify the regulation.

3 Policy and Management

In this section, we analyse the policy making and management process of the EU
information systems.

3.1 Document Analysis

Management of the Information Systems The overall security measures of the EU
are covered by the EU regulation 2017/46/EC [11]. The regulation sets areas of
responsibilities for different groups and authorities of the EU. Altogether, the it brings
out nine different authorities and groups with their areas of responsibilities. The
authorities are listed hierarchically, which means, that lower authorities and group
reports to higher and some of the responsibilities are fulfilled together. Every authority
monitors the execution of some areas of the strategies or policies and creates the
frameworks within the service providers or national authorities must work in. Access to
cryptology measures is given by the directorate of general human resources and
security; and the access is asked by the system owners. Five of the nine authorities are
creating strategies, frameworks and policies; three groups, i.e., system owners, data
owners and LISOs (Local informatics security officers), provide input for the guiding
documents. The last group, i.e., the users, is obligated to follow the rules and
recommendations.

The NIS (Network and Information Systems) directive [18] came into force in May
2018. The NIS directive requires the usage of information security standards, however,
leaves open the choice of the standard. The aim of the NIS directive is to gain a
commonly high level of security of network and information systems across the EU.
Therefore, the directive focuses on public-private cooperation and sets the requirement
for the member states to establish an information security strategy. The main concerns
are security incidents and their surveillance. Every member state must have a CERT
(Computer Emergency Response Team) managing information security incidents. To
equalize the level of security, the NIS directive sets reporting obligations to the member
states. The commission evaluates the execution of the directive after every two years.
In addition to the CERTs, each member state has to name an authority as contact point
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for the EU Commission. The contact point is also responsible for evaluation and
application of the directive. The reporting obligation expands on every service provider
– public or private – who operates with the critical infrastructure and internationally
vital services. The NIS directive points out that it needs a common ground and
understanding of the systems’ security.

Cooperation The NIS directive [18] recommends a higher level of cooperation
between the relevant authorities in the member states and EU authorities such as
ENISA (The European Union Agency for Network and Information Security). It also
suggest to consult with the interest groups in policy making and improving. Regard-
ing SIS II, which is the largest information system in EU, the SIRENE manual [10] was
created; in order to set the boundaries to the operations by the member states. SIRENE
bureaus are the main contact points to every official operating with information entered
to SIS II. Through the SIRENE bureau the cooperation with EUROPOL, EUROJUST
and INTERPOL is organized. All SIRENE bureaus are cooperating with each other, in
particular, to solve the issues on why information has been entered [10].

3.2 Interview Analysis

Management of the Information systems The EU-LISA security officer finds that
despite the requirement of compiling security plans and setting the specific rules inside
the State, there are member states that are not able to conduct the specific security plan.
Some of the states are able, but not willing; therefore. the quality of the security plans is
lacking behind; and based on them it is difficult to make management decisions. To
help member states to raise the level of security knowledge and ability to develop the
measures themselves, EU-LISA is working on a security and continuity management
system, together with the business continuity plans and security incident management
procedure; in order to make them more acceptable to the member states. That would
grow their knowledge about preventing incidents and avoiding them to happen. The
templates are being renewed together with the EU Commission, to ensure that their
requirements are still satisfied. The requirement from the NIS directive is that all of the
member states would use a standard to help them prepare the security of the systems
and therefore those templates are being renewed to be compliant with relevant ISO
requirements. The member states are aware of the need for the security plan, but the
need for them is taken more as a requirement, that shall be done, but not as a strategic
planning paper, that could help them to increase the level of security. The member
states are rather following the internal state requirements and standards, as, e.g., the
ISKE [23] standard in Estonia.

From the member state perspective, the management of the systems is bureaucratic,
but they also see, that large-scale information systems need some level of written
bureaucracy to ensure continuity. There could be less paperwork, which would help to
work faster with the developments. Every aspect shall be discussed to ensure a joint
understanding, but the accepting rounds could be shorter. Each larger change needs to
go through a change management group for final agreement, but before that discussions
occur in working groups, after that in advisory groups, from which the first is focusing
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on the business side of the system and another is a technical group. The process
through each group is long and takes a lot of time.

Cooperation The cooperation between member states and the central coordination
organization is not as good as it should be. The cooperation is based on the required
meetings and paperwork, that shall be done, but there is no open discussion, to help the
whole EU system to improve. To start an open discussion the security officers network
(SON) was created, where every member state could share the experience and therefore
help out the others that are falling behind or could gain the knowledge needed to
improve their own systems. The attitude is hard to brake; therefore, the SON is still
working as a mandatory meeting, not as the open discussion round. Required security
plans are presented, but some member states are trying to write the paper as superficial
as possible or as they assume the EU-LISA would like to see it, to prevent further
questions and discussions. The reality might not be compliant with the information
presented on the paper. According to the EU-LISA experience, some of the member
states are working hard to be independent and not give any information out to the EU,
which makes ensuring the security of the central system much harder, because of the
lack of knowledge on what is going on in the member state systems.

The cooperation between member states has been getting better over the time.
Unofficial meetings have started occurring, where the developments are discussed.
Usually, the highlights are brought up in there, but there is a chance to ask for help if
needed. There are also working e-mailing lists. Despite that the communication could
be better. The knowledge exchange is not working in daily bases, but the meetings
initiated by the member states could be a starting point for that. The cooperation
between some of the member states is better than the whole picture. The example in
here is the Estonian-Finnish collaboration in testing the systems.

The inhibitors for the active cooperation are the official meetings, where the offi-
cials of the EU Commission are also present including to the member state represen-
tatives and EU-LISA. Those meetings are controlled and participants are holding back
their thoughts. The presence of the EU Commission official is restraining the member
states, which was the reason of starting the unofficial meetings. The cooperation
between the EU-LISA and member States are mostly good and the necessity is
understood, but there have been problems over the time regarding the communication –

where one party is not understanding the responsibilities or the central control has
trouble in understanding the situation of member states; and therefore the advice they
are giving is not suitable. Therefore, the member state specialists are hoping that the
inner process will be better soon.

3.3 Summary of Findings

The document analysis and interviews show that there are multiple levels of decision
makers, which makes the decision process time consuming. Forms are created for the
tasks, procedures of usage are set, but the importance and usage are still unclear.
Documents such as the security plan (that should be helpful for member states in
planning their security strategy; that should be helpful for the central decision makers
for seeing the continuity process and give a hand if necessary) are not fulfilling their
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purpose, because they are seen as a bureaucratic procedure. On the other hand, some
level of bureaucracy for managing the systems with the capacity as those is necessary.
The level shall be looked over and updated.

The cooperation between member states is still weak, but it has started to
develop. The specialists see that the cooperation between the member states will
increase organically and that cannot be pushed, because by pushing it might lose its
focus. Cooperation between the member states is evaluated as quite good and the need
for an organization as EU-LISA is seen, but it has its problems. The main problems are
communication problems, whenever one party is not able to understand the needs of
the other. The biggest problem is with the EU Commission, which is seen as a biggest
inhibitor of cooperation. In the official meetings where the EU Commission is present,
the member states are holding back their thoughts and are not willing to open
discussions.

EU-LISA also sees the problems and on their side the main problem is lack of
communication. The regulated reports are given, but the knowledge exchange and
unofficial communication is not working. EU-LISA tries to change the attitude and by
creating SONs to induce the cooperation.

4 Ensuring Security in Data Exchange and Operation

This section deals with the question of how effective the current regulations are, how
many of those are mandatory and how the implementation by member states is
monitored.

4.1 Document Analysis

Data Exchange and Measures The aim of the GDPR regulation is to unify the
requirements of the data regulations across the EU. According to the GDPR infor-
mation can be processed only by the competent authorities and according to the rules
set by the EU. The work of the authorities is controlled by the independent data
protection officers, whose role is ensure that personal information is used only within
the frames of the regulations and the rights of the data subject are not affected. GDPR is
particularly relevant from the IS development perspective, because it encourages the
privacy by design approach [19, 20]. All the information systems and their manage-
ment shall be compliant with the principles of data protection set in those regulations.
Regarding the information systems, used in the case, the personal data protection is
vital, because of the nature of the systems. The collection of the data, storing and
management has to be in correlation with the regulations. Data leakages shall be
recorded, fixed and reported to the data protection authorities and their recommenda-
tions shall be considered. On the other hand, the data protection officers are the help for
the data subject, whenever data subject needs the consultation, the authorities shall give
it and regarding the deletion and correction of the data authorities shall observe the
rights of the data subject are fulfilled [10, 12, 15–17, 19, 20].
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The information exchange in case of the systems used in the field of internal
security and justice is according to the system regulations through the information
exchange interface, which allows the secure communication with other authorities. The
information exchange goes through the TESTA network, which enables also the
exchange of the classified information due to the encryption possibilities. The sup-
plementary information exchange in SIS II is organised through SIRENE bureaus,
where the information exchanged shall be on the specific forms. In all cases the other
channels may be used only in extremely urgent cases or if the information systems are
not operational.

Information Security and Measures The NIS directives’ aim is to achieve an equally
high level of the information security all over the EU. To achieve that goal, it is
important for all member states to follow similar approaches regarding information
system security. The NIS directive brings out the need for standardized minimum
requirements and guidelines to achieve the outcome. The other important steps to gain
the equally high level of security is the cooperation, information exchange and similar
requirements for the public and private authorities who operate with the information
systems regarding vital services. The NIS directive proposes that every member state
shall have a national strategy for information security and policies to exploit. In
addition to the national paperwork, the incidents shall be handled through the CIRT
(Cyber Incident Respons Team) or CERT. In addition, the CIRT and CERT are
reporting to the EU, therefore there is a shared incident knowledge allover the EU.
The NIS recommends that the member states take into use some of the internationally
accepted information security standards, to be able to equalize the level of security
[18].

The system regulations bring up the need to put the managerial requirements and
polices in place. The polices shall include access management policies (which must be
implemented for the physical locations where the information is held or where the
systems are located) and digital security measures, which include the access to the
systems and logging process. Another measure that helps to prevent the manipulation
of the information across the state borders is that the owner of the information entered
to the system is the member state that enters the information at the first place; and the
other member states shall transmit the information that should be implemented to the
owner of the information [15–18].

4.2 Interview Analysis

Data Exchange and Measures The specialists see the existing information exchange
network as secure in general. The information is moved through defined channels
according to the defined protocol in the interface control document. The protocol itself
arises more concerns. Despite the existing interface control document, the member
states implement the sending of the forms differently and that can cause problems.
Those problems are raised in the working group meetings and implementation details
of the forms are being discussed. Solving those problems can be a slow process. The
physical environment security is in accordance to the regulations, which is controlled
by the local data protection authorities.

158 M. Järvsoo et al.



Information Security and Measures The security plans are mandatory, but the quality
of the papers is low. This has many reasons: some of the states do not have enough
knowledge to develop the complex security plans and systems, whereas some of the
states are not willing to share the information to avoid questions and suggestions for
improvement from the side of the EU. The variety in the quality is making the eval-
uation of the overall systems’ security difficult. The member states do not have an
overview about the others’ security measures and do not know, whether and what
international standards are used. The security measures required by the EU are
comprehensive.

The specialists from the member state see the security rules as strict, in particular,
the process described in the interface control document. Responses to some of the
questions must pass multiple levels of contacts, because of the right to access rules.
Every level of contact has the information they are allowed to process and therefore it is
not possible to get the answers from just one level for some questions.

Specialists view some aspects as over-regulation. For example: whenever the report
of data usage and handling has to be done, the member states must create their own
reports, which will be combined by EU-LISA later, to present it to the EU Commission,
despite they have access to all the information stored by member states and they could
to it themselves. This situation has been brought up at the working groups for many
times, but the obstacle are regulations which are not allowing EU-LISA to operate with
the information that is held by member states. Member states have all proposed that
they would give the mandate to EU-LISA to manage the information for creating the
reports, to lower their own administrative burden, but until now, that has not been
changed.

4.3 Summary of Findings

On the one hand security requirements by the EU are comprehensive, but grant enough
freedom for the member State to choose the measures suitable for their inner legisla-
tion. This leads to a situation where it lacks overview about the used security measures,
despite the evaluations conducted. The evaluations are member state specific and are
not compared to see their compatibility to each other. Request brought out in NIS
directive should give a clearer overview, if all member states would use the interna-
tionally accepted standards. On the other hand, some aspects are over-regulated, which
leads to the administrative burden.

5 Usage of Standards

This section approaches main question of paper, i.e., whether the EU needs a unified
standard on ensuring information security of large-scale information systems in case of
the EU information systems.
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5.1 Document Analysis

The first time that the need for the usage of internationally accepted information
security standard is pointed out in the NIS directive is in its article 19, where it
recommends to adopt standards to reduce the amount of the different approaches; but
the directive does not detail out, which standard should be used [18]. The information
systems’ regulations use similar requirements for the systems security, but those
requirements are high level and are not setting guidelines how to fulfill the require-
ments. The term “standard” is used in SIRENE manual [10], where the basic
requirements as acceptability, continuity, confidentiality and access are described.

International standards such as ISO27001 [24], guidelines as ISO27002 [25] and
baseline standards as the German IT-Grundschutz [6] and the Estonian ISKE [23] are
used. The ISO standards are rather applied to the information management systems and
their requirements, the polices that shall be implemented in the organization and less to
the security of the systems itself; whereas the baseline standards are applied to both.
The ISO requirements are in accordance to the requirements set by the EU regulations –
requiring risk assessment, policies for access and operation of the systems. The base
line standards evaluate the information systems based on the information stored in the
systems, the users and the field of usage in addition to the managerial policy
requirements.

5.2 Interview Analysis

The variety of standards, that could be used at state level is not the question. A problem
is when a member state is not using any; then it is not possible to say whether it is
moving in a right direction or whether its security work is consistent.

Specialists brought out the Estonian ISKE standard. The official audits are still in
progress, but as the specialists see, ISKE measures are suitable for assuring the
minimum-security requirements. The audit is completed for the EURODAC system
and the results showed that ISKE is suitable and covers all the requirements set for the
systems’ security. On the other hand, it is hard to see, what other member states are
using and if those standards or other security methods are suitable; and this is hindering
cooperation. In addition to the cooperation there cannot be a certainty of the security of
the other member states’ systems if the security measures are not clearly stated. The
specialists see the similar grounds in securing the systems as a good solution to
increase the level of overall security. The problem, the specialists brought out for
creating a standardized approach to systems security is the over-regulation. There are
many regulations already in place, creating a new one might cause problems with
existing internal state regulations and the capability of developing the systems
according to the new regulations. The new regulation setting the specific requirements
would be micromanaging by the EU Commission and therefore the member states are
not able to develop according to their insights. Overall, requirements shall be
acceptable and feasible for all the member states. The EU Commission cannot require
high level security if some member states are not able to comply with them; on the
other hand, some member states are capable for more, and because of the requirement
they cannot develop higher level security for the information system.
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5.3 Summary of Findings

The NIS directives’ request for using the internationally accepted security standards
would help to make the security evaluation clearer; but none of the interviewees
brought out specific preference and need for all the member states to follow the same
standard.

The interviewees would like to have a best practice example which shall be fol-
lowed; but it should not become an official standard, to avoid the growing bureaucracy.
They see the example as guideline and minimum requirements, but it should not be a
standard that shall be followed line by line. The guideline should be flexible and
mandatory only for the less capable parties. More capable member states can design
their methods that are more than set on the minimum level.

6 Related Work

A similar research has been conducted by RAND corporation [27]. The analysis
includes the same regulations as in this paper. The authors come up with similar results:
even though there are many regulations, policies, and directives – they might not
improve the overall security of the systems and instead can slow down the progress in
IT. Change is needed in the form of less regulations, updated standards and more open
communication and information sharing among states’ specialists. The societal
expectations have grown and the technologies have evolved; therefore, the existing
systems and their regulations are getting outdated.

An analysis of the connection between European migration policies and digital
technologies is provided by [22]. The analysis encompasses the EU information sys-
tems SIS II, VIS, EURODAC. The case of Italy and Spain is treated, two countries that
are perceived as EU ‘gatekeepers’ in the last years. The research delves into
compliance/non-compliance with surveillance systems in the southern European
member states. Furhermore, it carves out differences between the two countries
regarding their overall migration policies.

Discussion of compliance strategy of Schengen border states with respect to
Eurodac regulations are treated independently by several authors [2, 3, 5, 29]. The
research delves into the political and legal dimension of the compliance, whereas we
treat the information security perspective in this paper.

7 Conclusion

There is a great amount of bureaucracy in the management of the EU information
systems, which in some amount is necessary to operate such large-scale systems. The
decision making goes through multiple levels of authorities and therefore the process is
slow. The cooperation is mostly based on necessity or covered with the requirements of
the regulations, but the knowledge exchange is still weak. The security requirements
are comprehensive and give some amount of freedom to choose exact methods; but on
the other hand they are bureaucratic and cause the administrative burden to the member
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states. The data exchange process is detailed and well regulated by an interface control
document. Accepting already existing internationally accepted standards is preferable
and gives a better overview of the security measures used. A unified standard is not
necessary, but guidelines and examples should exist to gain a mandatory/minimum
acceptable level. Through cooperation and knowledge sharing, the overall level of
security can be raised by implementing those measures and thus the NIS directive
expectations can be reached.
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Abstract. In recent years, emphasis in development studies has shifted toward
knowledge creation and innovation that fosters economic growth and sustain
development. Globalization is offering new opportunities, especially for devel-
oping countries, to acquire knowledge, information and skills for building
capacity for development. Modern information and communication technologies
(ICTs) are empowering countries to diversify the economic structure and
enhance sectoral productivity through access to global markets. In this age of
information, individuals, organizations and institutions are able to enhance
communication and increase collaboration through social networking aimed at
promoting innovation and improving global competitiveness. Digital technolo-
gies can be used to bridge the digital divide between rich and poor countries as a
mechanism designed not only to increase connectivity and improve services, but
also to facilitate innovation and capacity building for development. The aim of
this paper is to examine the role that digital technologies plays in economic
diversification in GCC countries. Digital technologies encourage investment in
manufacturing production and knowledge creation, which stimulates linkages
and support diversification. To this end, building capacity for digital economy
could have a profound impact on the ability of these countries to speed up the
process of socioeconomic transformation involving reduction of dependency on
oil production.

Keywords: Globalization � Digital technologies � E-services � Knowledge
creation � GCC countries

1 Introduction

In this age of information, digital services play an important role in societal transfor-
mation reflecting the contribution of modern technologies to building capacity for
development. Recent advancement in information and communication technologies
(ICTs), including high-speed internet, the smart phone and a wide array of applications
accessible through android and the iPhone operating system (IOS), in addition to social
media platforms, have empowered people to communicate across national boundaries
making geographical locations no longer barriers to human interaction and business
contact. Widening the scope of global connectivity has improved human understanding
and increased information sharing aimed at bridging the digital divide and sustaining
economic growth. Digital technologies are offering new opportunities, especially for
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developing countries, to deepen integration into the global markets and gain access to
technology, knowledge, skills and information. Building capacity for ICTs could help
countries speed up the process of development and strengthen the fundamentals for
building digital society driven by linkage creation and knowledge acquisition.

The knowledge economy entails knowledge sharing and information dissemination
through networking and inclusive access to all. Individuals, organizations and insti-
tutions will be able to communicate, collaborate and cooperate in sharing information
and exchanging knowledge to enhance productivity and support innovation. Today, the
world digital population exceeds more than 4 billion people reflecting the rapid
advancement in ICTs within and across nations. Thus future sustainability will be
influenced by investment in digital technologies that enhance connectivity worldwide.
Building capacity for a digital society will require investment in digital literacy to
empower people to gain entry global markets, access to which would facilitate
knowledge acquisition, technology transfer and innovation diffusion. Bridging the
development gap underscores the importance of digital literacy as a key means to
increase national ability taking advantage of the new opportunities offered by the
information age.

Making use of external knowledge not only reduces the cost of economic growth,
but also helps developing countries to leapfrog several stages in development. In GCC
countries, governments have responded to the structural decline in oil prices with
urgency to diversify the economy and reduce dependence on the energy sector. A high
degree of dependence on rents obtained from production and export of a limited
number of commodities increases economic vulnerability by making the economy
more sensitive to changes in global cyclical fluctuations. Digital technologies facilitate
economic diversification by providing economies with multiple opportunities to
enhance productivity and promote development. Building digital capacity strengthens
the country’s ability to acquire skills, create knowledge and share information – all of
which are necessary for diversification the productive structure and reduction in
dependency on the vicissitudes of global commodities markets.

The failure of the export-led growth model, driven by oil rents, has renewed the call
for development alternatives to reduce the risk of high degree of export concentration
and sustain economic growth. In the GCC countries, governments have responded by
adopting long-term strategies aimed at diversifying productivity through knowledge
creation and innovation. Investment in human capital, building ICT infrastructure,
institutional reforms and deepening access in the global markets are among the core
components of the new strategy. The aim of this paper is to examine the role that digital
services play in knowledge sharing and innovation dissemination to speed up the
process of development and foster economic growth. Building capacity for digital
technologies fosters creation of linkages and strengthens the fundamentals for
knowledge creation, technology transfer and innovation diffusion. This paper focuses
on the challenges and opportunities facing socio-economic development in GCC
countries.
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2 The Digital Economy

The term digital economy arises from the use of modern computers referring specifi-
cally to the use of the internet as a powerful device in communication and access to
knowledge and information. The digital economy is a product of the information age in
which networking and internet connectivity increased communications among people
across national boundaries. The digital economy is defined by Oxford dictionary as an
“economy which functions primarily by means of digital technology, especially elec-
tronic transactions made using the internet.” “The transition to a digital economy can
provide a boost to competitiveness across all sectors, new opportunities for business
and entrepreneurial activity, and new avenues for assessing overseas markets. It also
provides new tools for tackling persistent development and social problems.” [1]
Today, e-services are having profound impact on our daily activities by increasing
global interconnections and changing human understanding. Digital technologies are
expected to shape the path of future trends by allowing individuals, organizations and
institutions to share knowledge and information essential in effective decision-making
and policy construction. The digital economy is also called the internet economy in
reference to the extensive use of the internet in connecting people worldwide. Few
would gainsay that the internet is a powerful tool for communication serving to link
providers with consumers of digitally-driven information irrespective of national
boundaries.

The 2016 World Development Report by the World Bank focuses on digital div-
idends outlining the importance of digital technologies in fostering economic growth,
improved service delivery and expanding opportunities for people worldwide. Digital
technologies have the power to foster growth and promote innovation across various
sectors of the economy. It is estimated that the digital economy accounts for 8% of the
GDP in OECD countries. In China digital economy reached $3.4 trillion or 30.3% of
the national GDP in 2016. This has been facilitated by the number of internet users in
China accounting for 751 million out of the 3.89 billion internet users around the world
in 2017 [2]. Entrepreneurs in the South, including GCC countries, can benefit from the
digital economy as a mechanism to communicate, acquire and absorb knowledge with
the effect of diversifying the productive structure and bridging the development gap. In
addition, the digital economy underpins e-government through facilitation of transac-
tions with the public involving improvement in government delivery in a range of
eservices contributing to a reduction in transaction costs serving, through public sector
efficiencies, to promote sustainable economic growth. In the digital economies, indi-
viduals, business and institutions are expected to benefit not only from lower trans-
action costs but from greater access to new markets. Increasing connectivity enables
firms to acquire technical and managerial skills essentials for running firms effectively
and meeting international standards. Changes in the global economy are increasingly
driven by digital technologies as mechanisms facilitating information exchange and
data provision for use in market transactions, knowledge creation and innovation
diffusion.

The growing interconnectedness of people, organizations and institutions represent
the foundation of the digital economy. The globalization of economic activities in
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recent decades is a product of advancement in ICTs. Mercantile transactions generate
value and create new business opportunities derived from the services provided by the
internet. In this regard, the digital economy should be defined to represent broader
meaning than just an internet economy. The digital economy increases the speed of
making decisions and dissemination of information allowing organizations to execute
tasks faster and keep pace with technological development and market changes. Such
digital services are also useful for building long term business strategies to ensure
competiveness in the future. New technologies, including mobile and cloud computing,
as well as artificial intelligence, are bridging the gap between producers and consumers
by providing information and facilitating marketing of products in various locations
across the globe. All GCC countries are adopting new economic strategies aimed at
restructuring the productive system and reducing dependency on energy production
and export which represents the main driver of development.

The digital economy could have a positive impact on human development by
improving the lives of people, especially in developing countries where basic needs
remain inadequate to meet the challenges facing these populations. Providing access to
people through digital technologies allow sharing knowledge and information among
and within regions, Such shared knowledge and information can be used to improve
decision-making and increase an individual’s capabilities to participate in development
as, for example, as entrepreneur. Digital technologies also increase government
interaction with citizens to provide services and contribute to people needs across
national boundaries. Digital technologies provide not only services using local
resources, but also access to the rest of the world. Such connectivity provides new
opportunities for developing countries to increase exports and gain access to interna-
tional markets.

The new economy, also known knowledge-based economy, uses knowledge and
innovation as an alternative to labor and capital in the traditional economy. The private
sector assumes a more proactive role in market activates by giving young entrepreneurs
the opportunity to participate in transforming the economy into a knowledge-based
economy. These new generations of entrepreneurs can utilize digital technologies to
enhance connectivity and create new business models based on knowledge sharing,
collaboration and joint ventures with foreign firms. In this age of the internet, col-
laboration is particularly important to gain access to knowledge, skills and information
for development. Private enterprises can be connected to multiple companies across
different countries to participate in knowledge sharing, research and development, data
gathering and in a number of highly complex market activities. The digitization of the
economy not only is transforming businesses and societies, but also is promoting
innovation and sustainable development.

The digital model is changing the workings of all aspects of society, including
human interaction, policy construction, decision-making and demand for skills and job
requirements.

“Increased digitization and automation is leading to new types of jobs and
employment, changing the nature and conditions of work and altering skills require-
ments, as well as affecting the functioning of the labor markets and the international
division labour.” [3] In the digital economy, scientific research and knowledge dis-
semination will increase due to rapid economic transformations fueling business
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opportunities expected to create digital revolutions shaping the future during the course
of the 21st century. Economies will require increasing investment in building ICT
infrastructure and strengthening connectivity in order to gain access to global markets.
For developing countries in general and GCC in particular, innovation is linked to
digital services making digital technologies important for obtaining social and eco-
nomic benefit from ICTs.

During the last two decades China used the digital economy effectively to promote
its etrade across the world. It is estimated that today China alones accounts for about
42% of the global e-commerce compared to less than one percent ten years ago. This is
compared with the United States e-commerce at about 24%, down from 35% in 2005.
Such rapid growth in China e-commerce reflects the importance of digital technologies
in global integration and enhancing the country’s capabilities to increase its share of
trade worldwide. This made China a force to be reckoned with in digital technologies
abroad and around the world. Payments through the internet by Chinese users increased
from about 25% in 2013 to 68% in 2016 accounting for $790 billion, 11 times more
than that of the United States. China’s billiondollar-valued startups account for 43% of
the global value of “unicorn” companies worldwide reflecting the rapid progress that
China was able to achieve in digital technologies. Such rapid growth in digital business
is attributed to the commercialization of digital business as well as to governmental
supports and incentives for investment in digital technologies [4].

3 Innovation and Knowledge Creation
in the Digital Economy

The knowledge economy is driven by knowledge and innovation aimed at increasing
productivity through sharing of information and creating new knowledge to support
linkage creation and promote economic diversification. As an input in production,
knowledge appreciates in value over time making investment in research and devel-
opment essential to create new knowledge and linkages. However, restructuring the
productive system to increase the knowledge content in production will require
investment in education to increase the stock of human capital, to stimulate building
ICT infrastructure, to spur development of a national innovation system and to foster
institutional reform to support the transformation of the economy into a knowledge-
based economy. Although some GCC countries, including Bahrain and the UAE, have
been able to achieve high scores in global competiveness, ICT infrastructure, inno-
vation and other knowledge-related indicators, very little progress has been realized so
far to support rapid transformation to a knowledge economy. Education remains among
the important challenges facing these countries to mint high quality graduates capable
of making effective decisions, conducting research and development and providing
managerial and technical leadership.

Information represents an important input for promoting innovation and develop-
ment of new products. Digital technologies facilitates access to information worldwide
which provides entrepreneurs, running small- and medium-size enterprises, access to
new methods and new ideas that enhance creativity in a process of innovation resulting
in the development of new products. Having information strengthens the ability of the
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individuals and organizations not only to improve production techniques, but also to
create new knowledge. Digital technologies connect people across disparate geogra-
phies enabling them to share knowledge and collaborate in new projects of common
interest.

Connectivity is improving the business environment through social connections
among scientists, policy makers, academicians and businesses resulting in the sharing
of ideas and provision of solutions to existing problems. Educational institutions,
including universities, in the GCC countries should facilitate such social connectivity to
increase cooperation and collaboration to share information and conduct joint research
to find solutions to the challenges facing the region. Digital technologies provide
connection and easy access to knowledge and information by digitally connecting
people across the region to work together and support innovation. In this regard, digital
literacy and digital skills is essential to strengthen the fundamentals for knowledge
creation and innovation diffusion.

Knowledge can be created through the process of knowledge use in different forms.
Engagement in organizational socialization, involving sharing information to

convert tacit knowledge into explicit, can be undertaken to create commercial value and
to improve competitiveness. Similarly, the process of externalization converts explicit
knowledge into another form of codified knowledge ready for use by users. To this end,
individuals and organizations create knowledge through sharing ideas, exchanging
opinions and circulating information and knowledge among groups or employees to
stimulate creativity and engage people in critical thinking for solving problems and
development of new methods foster productivity. Knowledge occurs when information
is reformulated and converted into knowledge.

In the knowledge economy, it is the human mind rather than physical assets that
drive economic growth and increase productivity. In other words, development is
largely influenced by the mental capital measured by the stock of human capital and the
quality of higher education institutions. Produced capital and natural capital are
important for building productive capacity for development; however, knowledge
creation is a product of human intellectual activities. In this regard, knowledge-based
development requires investment in people aimed at increasing the country’s intel-
lectual capabilities to create knowledge and promote innovation. Digital technologies
provide the foundation for knowledge sharing and knowledge transfer. Using digital
technologies enable individuals and organization to increase interactions and collab-
oration which promote the sharing of knowledge and help to produce new knowledge.

Building capacity for digital infrastructure to enhance digital literacy and increase
communication is essential for knowledge creation. Educational institutions including
universities need to restructure curricula and put more emphasis on learning instead of
teaching to improve communication skills, working as a team, inculcate entrepreneurial
skills, engender flexibility and hone computing skills. Lifelong learning is essential to
ensure adaptability to technological changes and market conditions. It is estimated that
human capital contributes 65% to the wealth in high-income countries compared only
to 40% in poor countries. In the Middle East, the contribution of human capital to the
total wealth accounted for 35% in 2014 compared to 70% in OECD countries and 88%
in United Kingdom. This makes investment in people the most valuable investment that
a county can achieve to foster economic growth and support future sustainability [5].
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The production of new knowledge also facilitates the development of new inno-
vation which results in converting ideas or tacit knowledge into value. In the age of
digital technologies, organizations are able to strengthen socialization not only through
networking but also through the “internet of things” allowing communication and
dissemination of new ideas and the discovery of new knowledge absent human-to-
human or human-to-computer interaction. In this respect, innovation and knowledge
are interrelated and investment in knowledge creation could facilitate innovation dif-
fusion across the economy.

4 Digital Readiness in Arab States

Advancement in building Information and telecommunication Technologies (ICTs)
infrastructure is measured by the ICT Development Index (IDI) illustrating a country’s
efforts to bridge the digital gap and deepen integration into the information age. The
index measures the digital divide among nations in terms of capacity building for
technological readiness and connectivity within and across nations. It reflects the level
of connectivity infrastructure and the intensity use of ICT in society. IDI comprises
three levels of ICT including ICT access, ICT use and ICT skills. (ITU, 2017, P. 26)
With respect to the use of the internet, the percentage of individuals online in the total
population varies from 91% in UAE to 57% in Morocco and 38% in Egypt.

With the exception to the GCC countries, connectivity in most countries in the
Middle East remains inadequate to stimulate development and close the digital divide.
Among world’s regions, Africa is far behind the rest of the world in terms of the use of
the internet serving as an obstacle to its catching up with the rest of the world. Africa
needs to build ICT infrastructure capable of connecting individuals, institutions and
businesses across the continent in order to stimulate market activities and provide
inclusive e-services to all.

Wide digital gaps extant among Arab countries underlie different levels of readiness
in digital technologies among and within countries in the region. The term digital
divide is used to measure the “differences in ICT development within and between
countries, regions, socioeconomic groupings.” (ITU, 2017, P. 50) ICTs empower
societies to create knowledge, increase productivity and to bridge the digital divide that
narrows the gap between rich countries and poor countries. The developing countries,
including the Arab world, need to invest in ICT infrastructure if they have to speed up
the process of catching up with the industrialized countries.

Table 1 illustrates the gap in technological readiness as measured by IDI ranging
from 7.60 in Bahrain, 2.55 in Sudan, 1.58 in Djibouti and 1.64 in Comoros in 2017. On
average IDI readiness in the Arab world measures 4.84 compared with 5.11 worldwide
and 7.52 in developed countries. In 2017, the Arab world experienced the lowest
average improvement in IDI among all world regions reflecting the inability of the
region to narrow down the digital gap and benefit from the information revolution. In
the global ranking, 13 out of the 19 Arab countries experienced drop by one or two
places in 2017. With the exception of the GCC countries scoring above average in
global rankings, the rest of the countries in the Arab region remained far below the
world average [6].
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Among the countries in the Arab region, Bahrain scored the highest IDI of 7.60
reflecting the government support for ICT development. The efforts by the government
of Bahrain to transform its economy to a digital economy have borne fruit over the past
15 years. Today, Bahrain is among the most connected countries in the world providing
internet services to all residents in the country. Building digital infrastructure will help
the country to close the digital divide and speed up the process of economic diversi-
fication. Currently, the digital economy accounts for 8% of the economy of Bahrain
compared to 5.1% in Kuwait, 4.3% in the UAE and less than 1% in both Oman and
Qatar. (McKenzie p. 25) To be inclusive, digital technologies must include everyone in
order to ensure equal access to all members of the society. Participation in the digital
economy requires access to the internet as well as digital literacy to encourage people
using e-services and benefit form digitization. In relation to the status of digital
readiness in the Middle East the Gulf News point out:

Table 1. Global and Regioals ICT indicators 2017

Country IDI Technological
readiness

Individuals using the internet
as % of population

Mobile phone subscription
per 100 people

Iceland 8.98 6.17 98 103.7
S. Korea 8.85 5.54 90 118.5
Oman 6.43 4.40 74 159.9
UAE 7.21 5.82 91 187.3
Bahrain 7.60 5.15 93 185.3
S. Arabia 6.67 5.01 70 176.6
Kuwait 5.98 4.33 82 231.8
Egypt 4.63 3.26 38 111.0
Morocco 4.77 3.69 57 126.9
Malaysia 6.38 4.81 71 143.9
Qatar 7.21 5.35 93 153.6
Jordan 6.00 390 53 179.4
Nigeria 2.60 3.15 47 82.2
Chad 1.74 1.93 3 40.2
Africa 2.64 – 22 76.4
Arab
States

4.84 – 44 111.0

Europe 7.50 – 71 114.9
Asia &
Pacific

4.83 – 50 101.5

The
Americas

5.21 – 76 –

World 5.11 – 44 98.5

Source: International Communication Union (ITU, 2017) Measuring the Information Society
Report 2017, Vol. 1 (ITU: Geneva), World Bank, World Development Indicators 2017, World
Economic Forum, The Global Competitiveness Report 2016/2017
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“Despite the burgeoning dependence on internet, the Middle East is marred by high
illiteracy rates that widen the digital divide. Across the Arab world, an estimated 57
million adults are illiterate. Another major problem is that many Arabs do not have
access to proper infrastructure. Without solving these issues, any effort to minimize the
digital divide may prove to be futile” [7].

In the Arab world, as elsewhere, governments serve as a major supplier of public
services to citizens. To enhance public sector capability to deliver services to the public
will require improved digital literary on the part of the general public. In turn,
improving digital literacy will require governments to provide internet access to
empower users with the skills needed to search and obtain information online. Digital
literacy denoted ability of the general public to use digital tools in their daily activities.
In the information society, digital inclusion is essential to ensure that all society
members, including rural population, women and students, as well as businesses, will
be able to have access to digital services. In the Middle East, only 6% of the population
lives under smart governance [8].

In the Middle East, digital technologies allow these countries to build new
industries and expand productivity in the non-oil sector. In recent years, improvement
in data processing and storage facilities have facilitated the emergence of what has
come to be known as cloud computing. (UNCTAD: Information Economy Report
2013) By 2025, it is expected that most web services and ICT applications would be
cloud delivered which require countries and organizations to enhance digital readiness
to facilitate services through the cloud. Across the Arab world, digitization varies
among countries which measure the digital gap among and within countries in the
region. Countries such as Bahrain and UAE have invested heavily in digital tech-
nologies and, as a consequence, have been able to take advantage of the digital rev-
olution and transform their societies into digital-based economies.

In a new society driven by smart technologies, which involve building digital
infrastructure to improve the economy readiness ability to adopt and integrate into the
information age, digitization requires new skills and training. Countries in the region
must develop digital curricula to equip students with skills that match the demand for
digital workforce. It requires rethinking education so as to ensure that students are able
to operate technology and acquire the skills needed to use the web and search for
information. Using the internet empowers individuals, institutions and organizations to
make effective decisions and construct sound strategies aimed at improving efficiency
and promoting innovation. Economic development entails an efficient allocation of
resources designed to create a balance between and among sectors. To this end, col-
laboration, sharing knowledge and exchanging information through the internet
accelerate the process of development and strengthen the country drive towards a
knowledge-driven society.

Digital skills contribute to growth of SMEs by providing access to local, regional
and global knowledge and information. In the knowledge economy, SMEs play critical
role in productivity growth and knowledge creation through the use of digital services
and internet connectivity. Thus curricula must address to need of the labor market by
enhancing student capabilities to acquire such skills as critical thinking, technical and
managerial skills, and problem solving. Familiarity with smart technologies
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underscores the importance of ICT literacy to empower users making use of digital
services and strengthen global linkages.

In the Arab world, partnership and cooperation between the public and private
sectors is essential to build capacity for digital economy. The role of the private sector
in the digital economy is critical and, therefore, that both public and private institutions
work together to build ICT capacity and narrow down the digital divide at both local
and global levels. In a recent study by McKinsey and Company it is revealed that the
Middle East region has realized 8% augmentation in its digital potential. “Digital
includes the foundations and underlying technologies and capabilities such as network
and connectivity, computing, and storage, all of which enable the digitization of back-
end processes as well as B2B and B2C interactions” [9].

Countries of the GCC are making substantial efforts, investing heavily in ICT
technologies, to increase the digitalization of their economies in order to catch up with
the industrialized countries. “While the Middle East public sector entities are likely to
spend over US15 billion in digital transformation enabling technologies in 2018, the
GCC overall lags behind many developed countries in digital government. Countries in
the region are not all at a similar stage of development with regard to government
digitization levels” [10].

5 Closing the Digital Divide

The digital divide is a measure of the scale of the gap in the intensity use of ICT among
“have” and “have-not” populations across or within countries. A digital divide is
defined as an: “economic and social inequality with regard to access, use of, or impact
of information and communication technologies.” [11] The digital divide refers to the
access of individuals and organizations to modern technologies, mainly ICT. It rep-
resents the socio-economic gap between and among countries in the use of the internet
and digital technologies.

Recent literature on development studies focus on the importance of digital tech-
nologies in knowledge creation, and innovation dissemination. Most developing
countries are lacking to adequate knowledge to support development. Digital tech-
nologies facilitate access to global knowledge which can be used to stimulate linkages
and increase productivity. In this age of the internet, access to knowledge and infor-
mation has become easy with little or no cost. This could save developing countries
substantial amount of resources both financial and technical. In recent decades, the
Arab world, particularly the GCC countries, has made good progress in building
capacity for ICT to improve connectivity and bridge the digital divide.

To ensure connectivity across and within social classes, development must be
inclusive. Governments should ensure access by building ICT infrastructure capable of
connecting all people at all locations within the state. Connecting people and regions
via the internet allows policy-makers, on the one hand, and business managers and
entrepreneurs, on the other, to formulate policies and/or plans and to make sound
decisions aimed at meeting public and corporate objectives, respectively.

Rapid changes in technology entail continuous training and lifelong learning to
improve technological learning and upgrade technical skills. In a connected world,
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people should be able to adapt to changing circumstances as well as to operate in
different geographical locations. Acquiring skills in linguistics, critical thinking,
problem solving, creativity and people management are critical for meeting 21st century
challenges. Investment in education and training enhances the national ICT readiness
capabilities as well as increases the flexibility of the future work-force to adapt to
technologically-induced changes in labor market demands.

Gender inequality among nations remains a matter of concern for many countries.
Connectivity should be inclusive for narrowing the digital divide by providing

equal opportunity to all without discrimination against social groups because of gender,
color, disability and religion. Exclusion of women, for example, would weaken
development initiatives designed to close the digital divide. Women account for half of
the population and, therefore, excluding them reduces labor force participation and
lowers growth. In developing countries, internet access is estimated to represent 41% or
just about half of the access attained in developed countries. In the new economy, work
is being done online out of home; such represents an opportunity for women to par-
ticipate in the economy, especially in conservative societies, where women are
restricted from working with men. Under such circumstances, providing digital skills
for women will speed up the process of development and increase growth.

The digital economy provides new opportunities for developing countries to
increase productivity, promote innovation and engage in global trade. Small- and
medium-sized enterprises and young entrepreneurs benefit from the digital economy by
getting easy access to global markets and, in turn, contribute to local development.
Digital technologies allow small enterprise to cut cost and sell their products com-
petitively in world markets. ICTs empower entrepreneurs, especially women, to engage
in market activities which enhance productivity, create jobs and improve competive-
ness. However, developing countries need to enhance ICT readiness if they are to
obtain full benefit from the digital technologies. Inadequate ICT infrastructure, which
weakens connectivity to global markets, not only hinders development and broadens
the digital divide, but also increases global inequalities. “The ability of countries and
enterprises to exploit new digital resources will become a key determinant of com-
petitiveness.” [12] In this regard, the educational system needs to contribute to the
digitization of the economy by adapting curricula that facilitates labor market flexibility
and provides students with the skills needed for participating in the information age.

Connectivity, driven by modern ICTs, could have positive impact on development
helping developing countries to foster economic growth and accelerate the process of
socioeconomic transformation. Challenges facing these countries such as poverty
alleviation, population growth, urbanization, pollution and lack of adequate public
services can be met with the use of digital services. ICTs usually empower society to
build capacity for development by providing opportunities for people to share infor-
mation and work more effectively towards finding solutions to the problems facing
them. Studies have showed that per capita income is positively related to IDI reflecting
the importance of ICT technologies in promoting human development. Improvement in
income per capita represents aggregate measure involving structural transformation
within the productive system of the society. In this regard, building ICT infrastructure
increases the ability of both public and private sectors not only to strengthen
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partnership and participate in joint projects, but also expand the country choices
through access to regional and global markets [13].

Digital technologies require special skills that workers need to acquire in order to
be employed in the digital industry. Governments and educational institutions must
ensure that the curricula used in teaching meet the need of labor markets and help
workers adapt to the new technologies. The important challenges facing governments
in developing counties is to close the skills gap by providing training for women to
improve employability. Automation is replacing traditional jobs including bookkeep-
ers, bank tellers, clerks and others. Empowering workers with new skills will be
beneficial for both workers and the economy.

To make utilization of digital services effective, investment in digital literacy is
prerequisite. Literacy in digital technologies facilitates connectivity among and within
nations providing people and regions, particularly in isolated areas new opportunities,
to gain access to external knowledge and information. Workers need to know how to
use ICTs if bridging the gap to be closed. Poor areas lacking technical and financial
resources to build ICT infrastructure, require governmental intervention in the form of
investment in ICT infrastructure to provide access for all users within national
boundaries.

In 2017, global sales online amounted to 2.3 trillion US$ and it is estimated that the
total sales will reach 4.88 trillion US$ by the year 2021. In China alone an estimated
19% of all retail sales occurred via the internet. Revenues of Amazon.com from online
sales amounted to $178 billion in 2017 compared to US136 billion in 2016. In the
Middle East, sales as a percentage of the total global e-commerce were 1.8% in 2016 –

the lowest among all world regions [14].
The digital economy in GCC countries encourages economic diversification by

providing SMEs with new opportunities to participate in market activities and obtain
technical and managerial skills for improving their operations and meeting global
standards. In recent years, globalization has increased outsourcing providing new
opportunities, especially for SMEs in developing countries, to be linked to global value
chains (GVCs) and participate in the global economy producing goods and services for
multinational corporations. Digital technologies can also help SMEs expanding choices
to acquire financing from external sources. Foreign firms will be willing to finance
local enterprises to produce goods and services for exports. MNCs benefit from digital
services by linking operations involving manufacturing of parts of final products effi-
ciently in different countries as a function of factor costs.

6 Knowledge Intensity and Digital Services

Digital technologies enhances the ability of an economy to produce high-tech products
not only by improving the business environment to create knowledge and diffuse
innovation, but also by providing global access, especially to local enterprises, to
acquire skills, information and technology. Digitization facilitates cooperation and
collaboration of productive enterprises both within and without the national boundary
of an economy through sharing information and exchanging ideas. In developing
countries, where knowledge is inadequate to stimulate linkages, acquiring knowledge
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from external sources could accelerate the process of knowledge creation. Techno-
logical learning through digital services enhances local firms’ understanding and skills
enabling them to produce high quality products at home. Digital technologies are
important enablers offering new approach for local firms to collaborate with foreign
firms and gain managerial and technical experiences which can be used to support local
operations at home. As a consequence, local firms will be able to enhance technological
learning not only to create knowledge in their organizations, but also to solve problems
that local firms cannot accomplish on their own. Similarly, access to global knowledge
is important for helping firms becoming innovative and capable of producing com-
petitive products. Digital technologies facilitate continuous interaction between local
firms and foreign markets searching for appropriate knowledge and suitable tech-
nologies to be utilized by domestic firms in production of goods and services. Internet
connectivity is changing the way business and employees work and via sharing and
communicating knowledge and ideas organizations are becoming innovative, creative
and productive. To this end, organizations should integrate digital technologies into
their strategies to ensure knowledge creation and global competitiveness.

The Economic Complexity Index (ECI) is a measure of the relative knowledge
intensity in the economy. It explains the international variations in the content of
knowledge in products exported by different countries as well as the inequality in
incomes among nations. Knowledge intensity in products reflects the ability of the
country to produce unique products very few countries can produce. Such uniqueness
reflects a country’s capabilities to create knowledge and promote innovation that
strengthen the economy fundamentals to produce highly specialized products for
exports. On the other hand, with respect to products with a low degree of sophistica-
tion, nearly all countries can easily produce. These are called ubiquitous products
requiring very little knowledge such that many countries can produce them. However,
countries that produce unique products are innovative and creative capable of pro-
ducing and exporting goods even when the global economy flounders.

Table 2 lists countries ranked in accordance to the economic complexity index,
product concentration index and diversification index for the year 2016. Switzerland,
Japan and Singapore top the list of countries producing high degree of sophisticated
products. In contrast, most countries in the Arab world fall in the category of ubiquity
producing products with low levels of sophistication. The table also illustrates that the
share of high-tech exports in total manufactured exports in all GCC countries is low
compared to that of Japan, Singapore and Switzerland. This represents another
important indicator that the economies of these countries remain producers of primary
products with little or no knowledge is required in the production of goods and
services.

7 E-Government and Digital Services

In countries where the public sector is heavily involved in the economy and society,
digital technologies could play an important role in transforming government services
into productive activities aimed at improving educational and health services,
increasing sectoral productivity, alleviating poverty, distributing income and promoting

176 A. Al-Roubaie



innovation. In the meantime, digital technologies represent new opportunities for the
government to increase engagement in economic and social activities which are
essential for fostering change and sustaining growth. People in isolated regions can
access government services to stimulate market activities and create new job oppor-
tunities. Providing services through modern technologies could reduce costs of gov-
ernment delivery and improve efficiency. ICT can be used to empower SMEs by
providing information on potential markets, commodity prices, online training and
marketing. In doing so, the government will be able to cut back on costs of services
provided for SMEs across sectors and regions. In peripheries where large rural pop-
ulations live, e-services have the potential to increase productivity and improve living
standards of millions of people outside of urban areas.

Countries in the Arab world, especially in GCC region, are making efforts to
diversify their economies and reduce dependency on oil production and exports. Digital
technologies facilitate diversification through knowledge sharing, information dis-
semination and access to global markets. ICTs enhance government effectiveness to
expand services and allocate productive resources in a productive manner. Having
citizens able to interact and communicate with all levels of government facilitate
knowledge sharing and stimulate linkages which encourage local enterprises to par-
ticipate in market activities and diversify productivity.

Digital government is defined as the “employment of the internet and world-wide-
web for delivering government information and services to the citizens.” [15] In
countries where financial resources are inadequate to pay for government expenditures,

Table 2. Economic complexity index (ECI), 2016 for selected countries

Country ECI Concentration index Diversification index High-tech exports
% total of exports

Switzerland 2.59625 0.288 0.645 26.4
Japan 2.4687 0.141 0.400 16.7
Singapore 2.12695 0.240 0.645 47.2
United States 1.55257 0.100 0.244 18.2
Malaysia 1.03133 0.174 0.442 43.9
Saudi Arabia −0.355486 0.593 0.780 0.7
UAE 0.241859 0.227 0.543 –

Oman −0.52902 0.506 0.753 4.3
Kuwait −0.789111 0.627 0.823 0.1
Bahrain 0.32 0.678 1.5
Qatar −0.525304 0.400 0.834 0.0
Egypt −0.410868 0.154 0.581 1.3
Morocco −1.09205 0.175 0.677 5.3
Jordan −0.0100069 0.164 0.651 1.6
Algeria −0.781585 0.489 0.816 0.2

Source: https://atlas.media.mit.edu/en/rankings/country/neci/ United Nations, Human Develop-
ment Report 2016, United Nations-
http://unctadstat.unctad.org/wds/TableViewer/tableView.aspx
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the use of the internet could enhance the effectiveness of public services at affordable
costs. E-government services offer new opportunities for people to acquire information
and knowledge which encourage investment and create jobs. “Digital transformation
will play a key role in modernizing public services, increasing service productivity and
reducing labor intensity, increasing the level of satisfaction with and effectiveness
of services, and increasing the openness of, trust in and engagement with
government.” [16].

Online education has become a popular means for teaching and learning especially
among those who live in isolated areas, the poor, women, and disadvantaged groups in
society. Online educational services provide new opportunities for people to collabo-
rate, cooperate and share ideas and knowledge aimed at enhancing capabilities and
allowing greater connectivity with external markets. Collaborations among universities
in research and development increase national capabilities to promote innovation and
create new knowledge. Global collaboration not only facilities knowledge acquisition
and transfer of new ideas, but also enhances the quality of teaching and learning.
Communication among teachers and students makes teaching and learning more
effective by providing students with opportunity to communicate with teachers outside
school time.

Human development improves engagement in economic activities and contribution
to economy. Digital technologies can increase choices and reduce costs of doing
business which provides incentives for MSEs and young entrepreneurs to participate in
market activities and create new employment opportunities. In other words, connec-
tivity empowers people, including women and young entrepreneurs, to utilize, manage,
share and create information aimed at increasing productivity, promoting innovation
and sustaining development. Using digital technologies, SMEs have greater opportu-
nities to expand operations and take advantages of new businesses in different markets.
Some markets in GCC, including Bahrain, are small to stimulate linkages creation and
encourage investment. Opening up regional markets will make it attractive for SMEs to
expand operations through joint venture or production for exports. In this regard,
regional integration among GCC whereby countries cooperate to reduce trade barriers
will make it easier for SMEs to increase cross border trade and investment.

8 Conclusion

In recent decades, the emergence of the internet has had a profound impact on human
society by bringing people closer together despite geographical distance and cultural
differences. Today almost half of the world population uses the internet not only for
sharing information and exchanging ideas, but also for promoting global understanding
and creating linkages among and within nations. Building capacity for ICTs help the
developing countries, in particular, to surpass several stages in their development. The
digital divide has been identified with inadequate ICTs infrastructure to increase access
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to technology, information and skills. The challenge facing many developing countries
is to close the digital divide by investing in ICTs. Connectivity is used to measure the
availability of connections to the existing infrastructure of ICTs.

Digital technologies have become key driver of socio-economic transformation in
the 21st century underscoring the importance of investment in digital literacy and
improving e-services to meet the challenges of economic diversification in the Arab
region. Social networking and computer literacy are critical for knowledge sharing and
technological learning aimed at empowering the region capabilities to close the digital
divide and diversify the economic structure. The complex nature of economic devel-
opment requires strengthening connectivity to enhance communications among various
players and bridge the knowledge divide among and within countries of the region.

There are more than 90 countries offering on line services toady reflecting the
role that digital technologies can play in promoting socio-economic progress.
E-governments provide more inclusive and effective services that reach people in
different locations. Public e-services not only improve public welfare and foster
change, but also support democracy, by enabling more citizens to participate in deci-
sion making.

Digital technologies empower SMEs to increase participation in both local markets
and the global economy. Accesses to global markets allow SMEs to acquire managerial
and technical resources, which can be used to increase productivity and enhance
competiveness. In other words, connectivity will enable SMEs to improve production
processes and meet international standards.
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Abstract. In an adaptive learning environment, the feedback provided during
problem-solving requires a means, target, goal, and strategy. One of the chal-
lenges of representing feedback to meet these criteria, is the representation of the
effect of multiple concepts on a single concept. Currently, most of the methods
(linguistic knowledge base, expert knowledge base, and ontology) used in
representing knowledge in an adaptive learning environment only provide
relationships between a pair of concept. However, a cognitive knowledge base
which represents a concept as an object, attribute, and relations (OAR) model,
provides a means to determine the effect of multiple concepts on a single
concept. Using the OAR model, the relationships between multiple pedagogical,
domain, and student attributes are represented for providing adaptive feedback.
Most researchers have proposed adaptive feedback methods that are not fully
grounded in pedagogical principles. In addition, the three knowledge compo-
nents of the learning environment (pedagogical, domain and student models) are
mostly treated in isolation. A reason for this could be the complex nature of
representing multiple adaptive feedback characteristics across the main com-
ponents of a learning environment. Thus, there is a need to design a concept
operator that can relate the three facets of knowledge in an adaptive learning
environment. Using the algebraic concept operator Rin

i , the effect of multiple
attributes of the three knowledge components on the student’s performance is
represented. The algebraic concept operator introduced in this article will allow
teachers and pedagogy experts to understand and utilize a variety of effective
feedback approaches.
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1 Introduction

In an adaptive learning environment, the feedback provided during problem solving
requires a means, target, goal, and strategy [1]. One of the challenges of representing
feedback to meet these criteria, is the representation of the effect of multiple concepts
on a single concept. Currently, most of the methods (linguistic knowledge base, expert
knowledge base, and ontology) used in representing knowledge in an adaptive learning
environment only provide relationships between a pair of concept [2]. However, a
cognitive knowledge base which represents a concept as an object, attribute, and
relations (OAR) model, provides a means to determine the effect of multiple concepts
on a single concept. Using the OAR model, the relationships between multiple adaptive
feedback means, target, goal, and strategy are represented for providing adaptive
feedback by showing the effect of these characteristics on the performance of the
student. The proposed concept operator is initialized using randomly pre-configured
relationships between the characteristics of the pedagogical, domain and student model.
During the process of learning, these relationships are automatically updated to suggest
the appropriate combination of adaptive feedback means, target, goal, and strategy
which can lead to optimal performance for different students.

Knowledge in a adaptive learning environment can be represented in the form
models. The three most important models are the pedagogical model, domain model,
and the student model. The pedagogical model represents the knowledge and technique
of teaching. Specific knowledge represented in the pedagogical model is based on a
pedagogical principle or learning theory. This principle or theory determines the
effective teaching methods, instructional methods, sequence of activities, feedback
types, and assessments modeled by the learning environment. On the other hand, the
domain model, is a facet of the pedagogical model, which represents the knowledge of
the subject been learned. The domain model represents concepts, learning materials,
facts, problems, solutions, feedback, rules, equations etc. Finally, the student model
represents information about the student’s knowledge of the domain, learning style,
interactions with the system, response to feedback, emotional state, performance etc.
These information determines the characteristics of the student during problem-solving.

Goldstein [10] defines a problem as an obstacle between a present state and a goal
and it is not immediately obvious how to get around the obstacle (p. 365). Two types of
problems identified by Psychologists are well-structured and ill-structured problems.
The well-structured, are problems that by applying certain procedures will lead to a
correct answer, while ill-defined problems do not usually have a single correct answer
and have an unclear process to arriving at a solution [16, 17]. Depending on the type of
problem considered, the Novice tends to be more accurate when the problem at hand is
well-structured, but in cases where the problems are ill-structured, the Novice tends to
perform poorly [3, 8, 10, 12, 17–19]. This could be related to the fact that the Novice
has little knowledge of the deep structure of the problem, thereby not understanding the
under-lining principles and concepts related to such problems. Physics instructions are
designed to help students improve their problem solving expertise [19]. This is why
some physics problems are ill-structured, similar to most real-life and professional
problems.
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Physics is more closely associated to everyday experiences. Thus, having profi-
ciency in physics is a relevant skill, which can be extended to solving everyday
problems. Physics is generally regarded as a difficult subject. Factors contributing to
this difficulty include: (1) the presence of misconceptions; (2) degree of logical pre-
cision and reasoning required; (3) mathematical skills required; (4) misinterpretation of
question posed; (5) concept gaps; and (6) knowledge gaps [5, 19]. During physics
problem-solving in an adaptive learning environment, feedback is provided to assist the
student in achieving a set objective.

Most researchers have proposed adaptive feedback methods that are not fully
grounded in pedagogical principles [9, 15]. In addition, the three main knowledge
components of the learning environment (pedagogical, domain and student model) are
mostly treated in isolation. A reason for this could be the complex nature of repre-
senting multiple adaptive feedback characteristics across the main components of a
learning environment. Thus, there is a need to design a concept operator that can relate
the three facets of knowledge in an adaptive learning environment.

The article is structured into 5 sections. First, feedback in an adaptive learning
environment is introduced in Sect. 1 and a brief background on pedagogy and student
modeling is presented in Sect. 2. In Sect. 3, we explain the design of an algebraic
concept operator for adaptive feedback. Preliminary results, on the implementation of
the algebraic concept operator is presented in Sect. 4. And finally, in Sect. 5 we
conclude the article and highlight the future works.

2 Background

Educational institutions are relatively successful in arranging and conveying large forms
of knowledge and standard pedagogical practices [6, 13]. However, little attention is
paid to the strategies experts use to acquire knowledge in solving complex task. The
emphasis, in educational institutions is mostly on formulaic methods for solving text-
book problems. While few resources are devoted to high-order problem-solving which
requires students to actively integrate and apply conceptual knowledge. In order to make
a positive impact on student’s skill acquisition, there is a need to understand how experts
acquire skills and to formulate different methods that are appropriate to learning these
skills [6]. Therefore, more effort should be made on recognizing cognitive and
metacognitive strategies rather than low-level sub-skills and factual knowledge. To
support student learning, teachers and educationists regularly use a wide range of
educational theories and teaching strategies [20]. Over the past decades, researchers
have developed various learning theories in an attempt to explain how knowledge is
acquired. These include theories such as behaviorism, cognitivism, and constructivism.
The cognitive approach places the learner and the internal mental processes at the center
of teaching. Because cognitivism focuses on revealing the various processes involved in
knowledge acquisition, thereby providing strategies that support students learning,
tutors can utilize this in their effort to aid students in attaining their goals. The cognitive
apprenticeship (CA) instructional approach utilizes cognitive and meta-cognitive skills
and processes to guide learning [7]. The CA concept is defined by [6] as learning
through guided experience, cognitive and meta-cognitive skills rather than physical
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skills and processes as in traditional apprenticeship. In CA learning environment, stu-
dents cannot engage in the apprenticeship process alone, rather it involves modeling
(demonstration by expert) and coaching in the initial stage of learning [7]. The CA
model for designing learning environments has four dimensions: (i) content or domain
(the type of knowledge required for expertise), (ii) method (teaching method to promote
student development), (iii) sequencing (ordering learning activities), and (iv) sociology
(social characteristics of the learning environment) [6, 14].

The selection of appropriate student’s characteristics is significant in the early
stages of developing a student model. It is important to consider what aspect of the
student characteristics is to be modeled according to the type of system developed [11].
In order to implement adaptation in a learning environment it is necessary to model the
flexibly stable, dynamic and domain dependent characteristics of the student [4]. The
flexibly stable characteristics of the student includes cognitive styles, student’s
demographics, learning objectives and goals. The dynamic parameters are concerned
with the students interactions and experience with the learning environment. These
characteristics include the student’s errors and mis-conceptions, motivations, attitude,
collaboration, learning actions and behaviors. The domain dependent characteristics of
the student involves the student’s knowledge level and interest in a specific topic.

The development of an adaptive feedback environment requires the combination of
pedagogical principles, domain attributes and various student’s characteristics. This
research emphasizes on the cognitive apprenticeship principle. The attributes of the
students considered for adaptive feedback are the cognitive learning style, student’s
performance, and knowledge level. The cognitive apprenticeship approach to learning
involves the guidance of a student to achieve cognitive and meta-cognitive skills with
the help of an expert. This principle was selected for this research because it clearly
supports feedback, thus providing an avenue to demonstrate the use of a dynamic
knowledge base approach to adaptive feedback.

3 Algebraic Concept Relations for Adaptive Feedback
in Physics

In this article, we focus on the cognitive apprenticeship (CA) pedagogical principle and
the physics domain. In a CA principle, the main aim of designing teaching methods is
to help students acquire and use cognitive and meta-cognitive strategies for discov-
ering, utilizing and managing knowledge [6]. The acquisition and use of these strate-
gies solely depends on the interaction between the student’s current knowledge, the
social and physical environment of the problem-solving and the intricacies of the
problem-solving. The challenge is to represent the attributes of the CA principle that
affect the type, timing, goal, and sequence of feedback, relating it to the characteristics
of the domain and student models. The representation of the characteristics of all 3
models relating to adaptive feedback is shown in Fig. 1. The knowledge in the pro-
posed pedagogy, domain, learner - cognitive knowledge base (PDL-CKB) model is
based on the OAR model. The nodes of the concept network in Fig. 1, represents
concepts in the pedagogy, domain and student model in an adaptive learning envi-
ronment. The arcs represent the relationship between concepts and their attributes.
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An algebraic concept relation which provides adaptive feedback in physics is
proposed. The main objective is to observe the relationship between the performance of
a student based on the adaptive feedback provided. However, the adaptive feedback
provided depends on the adaptive feedback means, goal, target, and strategy. These
involves the 3 facet of the adaptive learning environment of pedagogy, domain, and
student models. The effect of multiple concepts on a single concept is defined in Eq. 1.

Rin
i �

[Rij j

i¼1

Rc
i ð1Þ

The effect of a concept is represented as the union between all its related external
concepts as shown in Eq. 1. where

– Rc
i is the internal relationships that exist between multiple concept that have a

relation or effect on the current concept concerned.

For example, in an adaptive learning environment as shown in Fig. 1 the effect of
the attributes of concepts within the pedagogy, domain, and student models on the
performance of the student is represented in Eq. 2.

Rin
p �ðRc

CA [Rc
CAd

[Rc
SÞ ð2Þ

where

– Rc
CA�ðCAs [CAsq [CAimÞ is the union of active sets of attributes within the ped-

agogical model which are related to the performance of a student at a given time.

Fig. 1. PDL-CKB model for adaptive feedback in physics
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– Rc
CAd

�ðDc [Cf [CpÞ is the union of active sets of attributes within the domain
model which are related to the performance of a student at a given time.

– Rc
S�ðScls [ SklÞ is the union of active sets of attributes within the student model

which are related to the performance of a student at a given time.

By expanding Eq. 2, all possible relationships between the performance of a stu-
dent and the attributes of pedagogical, domain, and student model is presented in Eq. 3.

Rin
sp�ffSecgg[ fSQic; SQglg[ fIMm; IMc; IMs; IMr; IMa; IMeg

� �

[ffFts;Fh;Fc;Fng[ fDcg[ fPsim;Pa;Pd ;Pvdgg
[ fCLSfd ;CLSfig[ fKLnl;KLil;KLl;KLeg
� ��

ð3Þ

During the learning process, not all attributes are activated at the same time. For
example, a student cannot be a FI and FD learner at the same time. Therefore, at any
given time (t), the effect of multiple concepts on the performance of a student can be
represented as shown in Eq. 4.

Rin
sp�ffSQic; IMmg[ fFts;Dc;Psimg[ fCLSfd ;KLnl;KLil;KLl;KLegg ð4Þ

Rin
sp�fSQic; IMm;Fts;Dc;Psim;CLSfd ;KLnlg ð5Þ

Using Eq. 5, the performance of a novice student KLnl with a field Dependant
cognitive learning style CLSfd, solving a simple problem Psim within a domain concept
Dc, provided with an increasing complexity of feedback SQic in a modeling stage IMm

can be easily represented. Thus, the system can automatically analyze the right com-
bination of characteristics of the pedagogy, domain, and student models which pro-
vides the best performance for different type of students at different knowledge levels.
In an adaptive feedback perspective, this implies an automatic update of the knowledge
base, based on the best performance of different students solving different problems and
receiving different feedbacks according to their individual characteristics and knowl-
edge level on a specific concept. The proposed adaptive feedback model allows the
knowledge base to make an automatic decision on the function, time, schedule, and
type of feedback provided. At an initial state of building the knowledge base the
knowledge bonding process selects random combinations of the required attributes
needed to provide adaptive feedback to the student. As more students use the system,
the knowledge base learns and updates its optimum combination of concepts to achieve
an effective feedback to the student.

4 Preliminary Results

The provision of feedback based on the cognitive apprenticeship principle involves the
instructional method, sequencing, sociology, and domain. When providing feedback in
this context, a decision has to be made on what instructional method to be applied, the
sequencing, and the application of a sociological component. In Table 1, a summary of
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the different forms of feedback provided based on the CA principle is presented.
Certain interventions can be provided to the student before and during problem solving
in a specific sequence. As seen in Table 1, there are 17 possible forms of feedbacks to
be provided based on the feedback model presented in Fig. 1. The feedback attributes
as shown in Table 1 are the characteristics of the CA pedagogical principle that
determine the type of feedback that will be provided before and during problem-
solving.

Table 1. Type of feedback based on the cognitive apprenticeship principle.

S/N
feedback

ID Feedback attributes Before
problem-
solving

During problem-
solving

Timing

1 FT1 Exploiting competition,
global to local state,
modelling

Student’s
worked-
example

Student’s solution Immediate, after first error

2 FT2 Exploiting competition,
modelling, increase
complexity

Student’s
worked-
example

Hints, clues,
student’s
explanation

Immediate, after each error

3 FT3 Modelling, global to local
state

Tutor’s
solution

Tutor’s worked-
example

Immediate, after first error

4 FT4 Increase complexity,
modelling

Tutor’s
solution

Hints, cues, tutor’s
explanation

Immediate, after each error

5 FT5 Global to local state,
scaffolding non

Non Tutor’s partial
worked-example

Immediate, after more than one error.
Provide feedback not more than
twice.

6 FT6 Increase complexity,
scaffolding

Non Hints, cues, tutor
partial explanation

Immediate, after each error. Provide
feedback not more than twice.

7 FT7 Exploiting competition,
global to local state,
scaffolding

Non Student’s partial
worked-example

Immediate, after first error. Provide
feedback not more than twice.

8 FT8 Exploiting competition,
increase complexity,
scaffolding

Non Hints, cues,
student’s partial
explanation

Immediate, after each error. Provide
feedback not more than twice.

9 FT9 Exploiting competition,
global to local state,
coaching

non Student’s worked-
example

Immediate, after first error

10 FT10 Exploiting competition,
increase complexity,
coaching

Non Hints, cues,
student’s
explanation

Immediate, after each error

11 FT11 Global to local state,
coaching

Non Tutor’s worked-
example

Immediate, after first error

12 FT12 Increase complexity,
coaching

Non Hints, cues, tutor’s
explanation

Immediate, after first error

13 FT13 increase complexity,
exploiting competition,
articulation

non student’s
explanation

at the end of problem-solving

14 FT14 Increase complexity,
articulation

Non Tutor’s
explanation

At the end of problem-solving

15 FT15 Global to local state,
reflection

Non Tutor’s worked-
solution

At the end of problem-solving

16 FT16 Global to local state,
exploiting competition,
reflection

Non Student’s worked-
solution

At the end of problem-solving

17 FT17 Exploration Non Non Result at the end of problem-solving
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In the process of solving a problem there are different scenarios based on the
domain attributes such as topic and problem and also the characteristics of the students
which includes cognitive learning style and knowledge level. Based on these charac-
teristics a total of 408 problem solving states are possible. In Table 2, a summary of
these problem solving states are presented. As students solve problems, they receive
feedback based on the pedagogical principles and their performance is feedback to the
knowledge base according to the current problem solving state. These allow the
knowledge base to be dynamic and the choice of feedback is based on the algebraic
concept operation Rin

p defined.

5 Conclusion

The aim of this article is to present the design of an algebraic concept operator which
represents the relationship between student’s performance and multiple attributes in the
pedagogy, domain and student models. Figure 1, represents the relationship between
the 3 facets (pedagogy, domain, and student models) of an adaptive learning envi-
ronment. The model shows how full adaptive feedback characteristics can be modeled
in the physics domain. It shows how concept algebra is applied to designing a concept
association operator which defines the effect of multiple concepts on a single concept.
Based on the preliminary results, about 17 adaptive feedback scenarios based on the
cognitive apprenticeship principle are defined. Using the algebraic concept operator

Table 2. Relationship between students performance and pedagogy, domain, and student
attributes

S/N Problem
solving
state

Pedagogical model (PM) Domain model (PM) Student model (SM) Effect of PM, DM, &
SM on student’s
performance (Rp

in)

1 pss1 Global
to local
state

Modelling Exploiting
competition

FT1 Average Linear
motion

Field
independent

Novice 0.5

0.5 0.5 NA 0.5 0.5 0.5 0.5 0.5

2 pss2 Global
to local
state

Coaching Exploiting
competition

FT9 Difficult Rotational
motion

Field
independent

Intermediate 0.32

0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32

3 pss3 Global
to local
state

Coaching Exploiting
competition

FT9 Simple Rotational
motion

Field
independent

Expert 0.43

0.43 0.43 NA 0.43 0.43 gravitation 0.43 0.43

4 pss4 Global
to local
state

Coaching Exploiting
competition

FT9 Average Static Field
independent

Intermediate 0.5

0.5 0.5 NA 0.5 NA 0.5 0.5 0.5

5 pss5 Global
to local
state

Coaching Exploiting
competition

FT9 Average Linear
motion

Field
independent

Novice 0.27

0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27

6 pss6 Global
to local
state

Coaching Exploiting
competition

FT9 Average Static Field
dependent

Expert 0.18

0.18 0.18 0.18 0.18 0.18 Linear
motion

Field
dependent

0.18

188 A. T. Bimba et al.



Rin
p , the effect of multiple attributes of the pedagogy, domain, and student models on the

student’s performance is represented. These allows a selection of a effective adaptive
feedback to be provided to the student during problem-solving. The algebraic concept
operator introduced in this article will provide developers of adaptive learning envi-
ronments with a means capturing effective relationships between multiple attributes in
the pedagogy, domain, and student models. In addition it allows teachers and pedagogy
experts to understand and utilize a variety of effective feedback approaches. In the
future, a learning algorithm will be included to allow adjustments in the weights
between the related concepts in the pedagogy, domain, and student models.
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Abstract. Smart city is a strategy that aims at employing technology to
improve life quality in urban areas. Among its main objectives, the environment
quality is the top one. The EU vision on smart cities is strongly focused on
energy efficiency, on nearly-zero energy buildings, on the reduction of CO2

emissions and so on. Therefore, some aspects of the smart city overlap with the
idea of green city. Green city is an older but always updated vision, that aims at
creating cities with a lower environmental impact, able to reduce the con-
sumption of natural resources and to improve the quality of air and water.
This study is designed to understand if smart city and green city have simi-

larities, to what extent they do overlap and how many synergies it is possible to
create pursuing these two urban strategies at the same time. After a deep analysis
of the international literature about these two subjects, we examined the port-
folio of the initiatives that are usually employed, and we compared it with the
international indicators related to the green city performances. We outlined
overlapping areas and reached conclusions on the convergence of smart and
green urban policies.

1 Introduction

Currently, the topics of green economy and sustainable growth are highly relevant,
since the customers/consumers/citizens’ sensitivity towards the environmental quality
has increased. Economy and respect for the environment cannot and shouldn’t be
considered as opposing topics but rather as ‘two sides of the same coin’, as objectives
to be both pursued in synergy and harmony [8].

This theme is more keenly felt by cities: in fact, the continuous and strong
dimensional growth of urban centres produces an exponential increase of the pollution
and the consumption of energy and natural resources such as water.

Besides, cities are the place where people, students and enterprises are concen-
trated: cities have always been the place selected for the production of goods and
services, for related marketing and consumption. They are also the place where the
tourist flows are more and more directed: their demand increases the consumption of
resources and can make unsustainable the unresolved concerns related to, for example,
mobility and pollution [15].

Cities are meeting the new needs and requirements by means of strategies that can
be defined digital, green, smart and sustainable. These four strategy fields do not
coincide with each other but show strong overlapping areas.

© IFIP International Federation for Information Processing 2018
Published by Springer Nature Switzerland AG 2018. All Rights Reserved
S. A. Al-Sharhan et al. (Eds.): I3E 2018, LNCS 11195, pp. 191–204, 2018.
https://doi.org/10.1007/978-3-030-02131-3_18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_18&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_18&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_18&amp;domain=pdf


• The digital city is a city that largely employs ICT to convey data and information
and to create bidirectional communication channels between citizens, institutions
and enterprises.

• The green city is a city that aims at developing infrastructures, spaces, facilities and
urban activities with a low or even with no environmental impact.

• The sustainable city is a city that aims at developing a socio-economical urban
context able to balance economic development with respect for the environment and
social equity.

• The smart city is a city focusing on the use of technologies to improve life quality in
urban areas.

Overlaps and differences can be easily seen among these strategic policies for the
city development. A local public transport system using advanced technology and ICT
to reduce CO2 emissions and to provide a better service to all citizens, with a special
attention to the most disadvantaged groups of people such as disabled, older people,
mums with strollers, is at the same time digital, smart, green and sustainable. On the
contrary, the increasing of urban parks is a green project only, the General Register
Office digitisation is a digital project only, the efficiency raising in energy production in
smart grid is (almost) exclusively smart, and so on.

The concept of smart city that has spread in recent years tends to take in high
consideration the smart, green and digital aspects simultaneously [10]. This city
development line is emerging thanks mainly to the European Union guidelines that
combine the guidance with funds and financing for the research and the implementation
of smart projects, and it ends up prevail vs. other interpretations of smart city [1, 13].

Actually, the concept of smart city, both in academic definitions and practical
implementations, takes on much wider and more heterogeneous meanings and contents
and, drawing its perimeter seems quite difficult. Nevertheless, in the smart programs of
the cities, the concern for the environment constantly appears as a core element.

Therefore, the research question is the following: which is the relation between
green city and smart city? Are there common dimensions (and then indicators related to
each dimension)? Is it possible to design policies that concur to the achievement of
such common objectives?

2 Smart, Digital, Green E Sustainable

2.1 The Origin of the Concept of Smart City

The branch of research and government named smart city is today among the main
strategies not only of cities but also of global member states and organizations such as
UN, OECD, European Union. Cities have started many smart initiatives, and just as
many are the European programs financing such initiatives and the reports, studies and
researches of national and supranational bodies on this subject. However, the definition
of smart city is not yet univocal or consolidated [14].

The main reason of this indeterminacy lays in the process that led to the success of
the so-called smart initiatives. Often a bottom-up driven process, namely driven by
isolated initiatives of citizens and enterprises; a process that started in territories, in the
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urban areas of some pilot cities and then has spread worldwide [5] 2011). To under-
stand what a smart city is, it is first of all necessary to carry out three types of analysis:

• The historical analysis, studying how the topic has started and developed and in
which time frame;

• The territorial analysis, exploring the coming up of smart experiences, researches or
policies in urban areas and in the regions of the world, examining also how the
phenomenon started and progressively spread itself;

• The terminology and content analysis that compares the different terms used to
identify the cities that started a path for the improvement of the living conditions in
their territories, thanks to the more or less intense use of advanced technologies
such as – but not only – the ICT and the minimisation of environmental impact of
the cities.

The historical analysis highlights how the smart city has far-off roots and how it
constantly intertwines with the concept of digital city [9].

The historical analysis is a first distinctive element between digital city and smart
city, that underlines the different development that the two experiences had in the past
twenty years. Other relevant differences emerge from the analysis of territorial and
content elements of these two smart city metaphors. The review of existing literature
allows us to draw the most quoted definitions of digital city and smart city. By reading
and interpreting them, some aspects become immediately clear, some of them can be
deducted from the digital or smart name of the city.

The digital city is strictly related to the use of information technology and espe-
cially to some of its implementations such as Internet, broadband and fast Internet
connections at urban areas level, the use of mobile access devices, not only the tra-
ditional PC, but especially, the so called smart devices (and here it is the first source of
terminology confusion) such as smart-phones and tablets.

Among related key topics we find broadband and connectivity, that make the digital
city also a wired city or a network city [7], the use of open data structures, thanks to
which public information is accessible and available to everyone and this make the
digital city also an information city [3]; the creation of digital services offered to
citizens both by public bodies and by private enterprises and organizations [6]; the
virtualization of spaces, behaviours and relationships that lead to the creation of a sort
of virtual city overlapping the real one, with its own rules, behaviours, relationships etc.
This makes a digital city also a virtual city or an ubiquitous city [2, 19].

The definitions of digital city do not talk of quality of life explicitly, but they show
that the process of transformation of the city generated by digitisation policies is fully
oriented towards the citizen and his needs. And indeed, one of the main obstacles to the
full realization of the digital city is mainly the digital divide, which separates those who
have the skills to access digital information and services from those who haven’t,
creating a form of virtual exclusion [16]. Exclusion not only in terms of fruition, but
also in terms of offer, with some enterprises and public bodies that are able to offer
digital information and services and others that do not have the knowledge and the
skills to do so and remain excluded from the implementation of the digital city and
from related appropriation of returns.
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The analysis of the main definitions of smart city, highlights the primary charac-
teristics of what a smart city should be. A first reading of the definitions suggests, in the
first place, that the concept of smart city is much more indefinite than the digital city
one. As a matter of fact, some definitions are impalpable and identify the smart city just
as a city able to create good living conditions for its citizens, regardless of how it
manages to do that and of what tools or technology are used [11]. Some definitions
recall the digital city, recognising in those previous and more mature experiences a
basis or a part of the smart city [5]. Other definitions are more concrete and refer to
smart initiatives, infrastructures and activities mainly connected to some key elements
of living in the city such as public transport, energy production and consumption,
pollution and environmental impact of buildings and human or productive activities
[10].

Actually, the main academic definitions of smart city are not able to represent what
the smart city really is in the mind of those who – in municipal Governments, enter-
prises and University Departments – are involved in its design and realization. A more
practical vision can be extrapolated from the reports of the major technological players,
IBM, Oracle or Microsoft for example, or of the big research centres such as Gartner
and the Stanford University, or even more from visiting the websites of the several
Italian, European or global cities that have taken the path of smartness. The analysis
carried out enabled us to understand that there are some common themes that can be
found both in academic studies and in the empirical implementations of the smart city.

The main topic, shared by all the sources we analysed, regards the negative
environmental impact of cities and the need of containing or reducing it, especially
through the reduction of CO2 but also through waste treatment, water quality etc. As a
function of the relationship between city and environment, the smart city focuses on the
enormous amount of energy used by the city, due to its residential and productive
settlements and to the premises of enterprises, places of study and work, public bodies
and, therefore, the need, on the one hand, of reducing the energy requirements and, on
the other hand, of producing energy from clean and renewable sources. A smart city is
not such if it does not make a wide use of the most innovative technology. Central is
the key role of technology in the pursuit of all the smart city objectives and of the
technology-based orientation of smart strategies, as well as the technologic, economic
and social innovation that envisages in the smart city also a place of economic
development with high added value and with a high content of technology and
knowledge [21].

A theme partly included in the smart city concerns the so-called smart community;
in fact, it is an evolution of the digital city that aims at connecting citizens, at making
available open access to online information and at the fruition of digital services also
with mobile devices. The topic of smart community draws the attention on the role of
citizens and on their active involvement in city smartness projects. Finally, even the
macro-objectives of the smart city (at a general level) are homogeneous: the smart city
aims at the citizens’ well-being; a tangible well-being, based on ease of access to
services and infrastructures, on economical well-being, on participation and social
inclusion. A well-being built on the contrast to the typical inconveniences deriving
from living in a city, such as traffic, pollution, congestion of public or private transport,
and on the study of innovative solutions to limit such inconveniences. According to this
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last and wider meaning, the smart city becomes a city able to carry out a positive role
for its residents and visitors, regardless of the devices used to achieve the smartness
objectives.

2.2 From Smart to Green

The study and analysis of the materials collected and described in the previous para-
graph allows us to highlight two concepts of smart city. The first one could be defined
as wide: according to it the smart city is an intelligent city creating excellent living
conditions for all its citizens. The purpose of this concept is to emphasize how
nowadays the quality of life strongly passes through cities, urban areas, through the
activities taking place there and the ability of local policies to achieve good living
conditions, that are often hindered by the excessive dimensions of cities and by their
complexity.

The second concept, the more interesting one for our study, just defines the smart
city as a subset of the successful city, that includes some issues such as infrastructures,
energy, environmental impact, use of ICT; and where technology and innovation have
a key role; all this is aimed at improving the quality of life in urban spaces and to
attracting smart, innovative and fully developed persons and enterprises there.

According to this better focused meaning, the smart city actually takes on its own
features, where technology, respect for the environment, use of ICT, applied to the
physical elements of life in the city such as buildings and public transport, but also the
virtual elements of urban life such as the need of receiving digital services or to
accessing online information, are key elements to define a development path that is
both sustainable and inclusive. According to this meaning, the smart city becomes
partly green city, namely green city respectful of the environment, partly sustainable
city, a city that defines paths of socio-economical development able to guarantee
economic well-being, social inclusion and environmental quality to those living within
its boundaries, not necessarily administrative ones but within the city area of influence.

Beyond definitions, the main difference between green city and sustainable city is
not only the time frame: in the green city it is based on the present, in the sustainable
city it is inter-temporal and through present and future generations. The main difference
is that the sustainable city aims to reconcile environment, economy and social inclu-
sion, stating that the respect for the environment and the sustainable use of natural
resources are not in contrast with the economic wellbeing and the creation of value by
enterprises and that the sustainable development has to aim at creating a balanced
wealth also with regard to its distribution, avoiding the concentration of wealth in the
hands of a few to the detriment of the economic and social inclusion of many.
A sustainable city is also a fair city that aims at guaranteeing the internal well-being for
everyone, no one excluded.

From the comparison between sustainable and smart city, we notice some over-
lapping elements between the two concepts. The main ones are the environment impact
and the use of natural resources: they are present both in the sustainable city and in the
smart city. Both these two ideas of city consider the economic development as a key
element of urban life that, for the sustainable city, should be reconciled with the natural
environment, whilst in the smart city; the smartness is even a source of sustainable
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economic growth. Citizens play a central role but is intended in two different ways: in
the sustainable city it primarily pursues the aims of equity among people and gener-
ations in the distribution of economic and natural resources, whilst the smart city
directs its efforts towards the quality of life in urban areas. The social inclusion is a
topic that has been added only in recent times and, however, in a marginal and
indefinite way.

What certainly distinguishes the smart city from the sustainable one is the key role
played by technology and, in particular, by ICT and by the most innovative ad
advanced technologies in the realization of smart, quality and attractive cities, where
people can live well, and where it is possible to achieve a widespread well-being and to
combat social exclusion.

When they started to talk about sustainable economy and cities, the information
technologies were still in a pre-Internet phase and confined in large enterprises and
organisations; the pervasiveness of ICT in daily life of SME and citizens was still far
away. Also the dimensions of cities were more contained, megalopolis could be
countend on the fingers of one hand and the psychological threshold of the 50% of the
world population that goes to live in cities was not overcome yet. These elements
modified the metaphore of city, but they did not reduce the awareness of how urgent it
is to answer to the needs of life in urban areas, to environmental decay, to the use of
energy sources, mainly in cities, that from the Middle Ages to the present days, have
been, and increasingly will be, the focus of economic and social life.

3 Green and Smart City: A Comparison of Dimensions
and Indicators

3.1 Dimensions and Indicators of the Green City

Within the framework of general policies aimed at pursuing a green vision for urban
agglomerations, first we can refer to OECD contributions. In particular, the topic of the
green growth of the OECD Declaration on Green Growth, of June 2009, was subse-
quently taken up and contextualised in the Green Cities Programme. This program aims
at evaluating how much the urban green growth and the policies for sustainability can
contribute to improving both the economic context and the environmental quality of
metropolitan areas and, consequently, to increase the contribution of such areas to the
national growth, to life quality and to competitiveness. In particular, the Green Growth
Strategy identifies and promotes the activities necessary to reduce the environmental
impact as potential sources of growth and refers to the need of internalise the negative
environmental externalities. In these contributions, the green growth is intended to
harmonise economic growth and environmental sustainability. As such, it only partially
coincide with the concept of sustainable development since it focuses on economic
efficiency and environmental protection that are only two of the three pillars of the
sustainable development (that, as is known, includes also social equity and justice). The
effort and the wish is that the social interests be integrated in the commitment for green
growth [12].
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Urban green growth especially focuses on economic growth and on development
through urban activities able to limit the negative environmental externalities and the
impact of natural resources and environmental services [17]. In fact, it is evident that
the urban agglomeration significantly affects, mainly in new fast-growing metropolises
(i.e. in the Far East), traffic congestion, pollution and the impact on the ecosystem and,
hence, on the natural resources. The dimensions of the green city can be expressed in a
series of indicators, many of which have given rise to the need of synthesize the
different suggested variables in a single code.

Concluding this first part focused on dimensions and indicators of the green city,
we can state the following:

• The suggested dimensions cover the traditional areas of environmental protection:
water, air, earth (more in general, non-renewable resources), waste management and
energy, as well as human activities strongly affecting these resources: urban
mobility, waste and buildings management. However it is evident that, for example,
urban mobility is strictly connected to the quality of air and can generate separate
assessments of the interconnected and interdependent indicators;

• The suggested indicators are sometimes already operationalized, i.e. expressed as
variables. The schemes propose then mixed (and therefore inconsistent) sets of
indicators and variables;

• No indexes are built with the suggested variables: the task of synthetizing the
multiplicity of variables and identifying a form of synthetic evaluation is left to the
researcher who adopts the scheme.

It follows that the above is an interesting contribution to a more accurate and
articulated knowledge of the green dimensions of a city, but it is not yet a valid tool for
the measurement of the urban realities performance: the conceptual framework seems
in fact to leave aside the definition of the strategic objectives of each specific city to
which evaluations and measurements should necessarily and strictly be connected.

According to this framework and to the purposes of this study, it is evident the need
of having at least one set of dimensions to be able to evaluate how smart initiatives can
be qualified also as initiatives pursuing the green objectives of a city. Based on our
findings, we suggest the following dimensions of a green city:

• Air quality
• Land use and consumption
• Energy consumption (efficiency raising, alternative and renewable energies)
• Waste production and management
• Mobility, transport and logistics.

3.2 Dimensions and Indicators of the Smart City

As we have seen, the relevant definitions are not univocal. In the first place because the
city smartness is a process and, as such, continuously changing and evolving. Besides,
the main object on which the process takes place, i.e. the city, shows some typical
characters as well as a multiplicity of different connotations (dimension, localisation,
resources, socioeconomic and political context, etc.) that make difficult and especially,
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in our opinion, not very useful, any attempt of referring to “a unit”. It is certainly more
functional to our purposes to identify which are the city dimensions that come into play
in the context of a smart approach. We therefore intend to focus on two scientific
contributions identifying those that should be the main characteristics of smart cities,
the significant dimensions of their development that, consequently, identify the indi-
cators pertinent to each dimension.

With this regard, we refer to Giffinger et al. [11] who stated that the smart city is “a
city well performing in a forward-looking way in economy, people, governance,
mobility, environment, and living, built on the smart combination of activities of self-
decisive, independent and aware citizens”. This approach not only considers the
technology and digitalisation of structures and services (digital city) essential, but
contemplates them in a project of improvement of life quality and in a wise man-
agement of resources, mainly natural ones (green city), through a participative gov-
ernance (smart city). For this vision of city, the study identifies six areas of intervention
whose design and management should be carried out in an intelligent perspective, built
according to available resources and knowledge and with the active participation of
independent and aware citizens. Every city can be defined as smart to the extent it is
commited in the realization of:

• smart economy: competitiveness
• smart environment: natural resources
• smart governance: participation
• smart living: quality of life
• smart mobility: transport and ICT
• smart people: social and human capital.

Such dimensions are declined in 31 factors that make up the framework for the
identification of indicators and the consequent evaluation of the performances of a
smart city. In particular, this means to assess and measure aspects such as: entrepre-
neurial spirit, economic image, productivity, flexibility of labour market (that fall
within the smart economy), environmental protection, pollution, sustainable manage-
ment of resources (smart environment), participation in decision-making processes,
public and social services, transparent governance (smart governance), individual
safety, cultural and educational structures, touristic attractiveness, social cohesion
(smart living), accessibility, availability of ICT infrastructures, sustainable, innovative
and safe transport systems (smart mobility), continuous professional training, flexibility
and creativity, mind and cultural openness (smart people).

The results provided by the adoption of such framework are undoubtedly inter-
esting since they allow to highlight the best city performances, also with respect to
specific issues.

It is interesting to remember the ranking of the Smart City lndex carried out by the
consulting company Between on 116 Italian chief municipalities on the basis of the-
matic areas. This index is not aimed at measuring the absolute level of smart innovation
but the distance between the best city (score = 100) and the others [4]. The analyzed
dimensions are the following:
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• broad band
• smart mobility
• smart health
• smart education
• smart government
• alternative mobility
• renewable energies
• energy efficiency
• natural resources.

On this basis, were identified 19 sub-areas and 153 indicators representing a par-
ticularly innovative contribution for the identified areas and for the adopted measure-
ments. Besides, it is interesting to notice that the adopted meaning of smart city first of
all requires that it may be possible to observe a substantial difference between a
“before” and a “after”, that such changes derive from a path pursued and contextual-
izable in a clear vision but, above all, that such changes have a strong connotation of
innovation, “tangible” and “widespread” within the city.

The contributions of Giffinger et al. [11] and Between [4] however point out the
typical limits of rankings: they are a “photograph” of the situation of a group of cities
providing a synthetic vision of a complex phenomenon but they do not satisfy the need
of an articulated and specific knowledge. In fact, many characteristics of the smart city
are analysed in dychotomous key only or otherwise different weights are assumed
(discretional) or, again, are adopted wide or limited visions of a same dimension
characterizing a smart city. The reason of these limits is clearly, because the definition
of smart city is not univocal and the measurement of the performances of the cities that
have started integrated projects are still scarce. The dimensions and indicators sug-
gested by such contributions can however be a valid support for the evaluation of the
policies to be included in order to identify if and to what extent they are consistent with
the dimensions a smart city should have.

A significantly different approach is offered by the Siemens’ Efficient Cities study
carried out by Cittalia that aims at analyzing a macro group of 54 mediumlarge cities
based on their infrastructural allocations [20]. The examined areas were urban envi-
ronment quality, real estate assets, sustainable mobility and logistics, renewable energy,
healthcare. The final result is the identification of six homogeneous groups of similar
cities in which the different areas combine themselves bringing out one or more
components: the cities of the environment, of the well-being, ideal cities, cities of the
good living and of mobility, cities under development, of the energy.

Our interest for this study is based on its attempt to provide a richer and deeper, and
then complete, knowledge of the city, through a multi-level classification: an initial
level, based on factor analysis in main components (PCA) and a final one based on
cluster analysis.

On the basis of a careful analysys of the doctrin’ different contributions about the
dimensions that should characterise green and smart cities, it emerges that the envi-
ronment and energy topics are always present, though with different extent and
importance, within the smart city concept and dimensions. As concerns the concept of
green city examined in the first part, the illustrated contributions highlight in fact how

Smart City and Green Development 199



the smartness of a city may not disregard a vision that considers essential the safeguard
of natural resources, above all the non-renewable ones, the reduction of the environ-
ment impacts caused by human activities and enterprises processes, energy efficiency,
and safety. This vision seems to include, or at least to overlap significantly, the green
city concept with the smart city one.

4 Italian Smart City

Some Italian cities are an interesting, often mentioned, case of city planning and
transformation according to a smart vision that began in 2010. The underlying vision,
shared with stakeholders, is based on the way the term smart city is intended: “The
Smart City improves the living quality through a sustainable economic development,
based on research, innovation, technology and driven by the local leadership in a
process of integrated planning”.

The annual report examined was carried out by FPA in order to photograph the
situation of Italian cities on their path to become “smart”, that is to say nearer to
citizens’ need, more inclusive, more livable. FPA identified and analysed 15 urban
dimensions that, in the national and international context, set out the objectives for the
cities (poverty, education, air and water, energy, economic development, occupation,
tourism and culture, research and innovation, digital transformation and transparency,
sustainable mobility, waste, public green, soil and territory, legality and security,
governance) (ICITY RATE 2017).

The set of these initiatives shows the participation of a large number of players:
public subjects, private companies and citizens. The analysis, based on the description
of the action and of the estimated result, provided a classification of the initiatives
according to 5 dimensions among the ones suggested above: air quality, land use and
consumption, energy consumption (efficiency raising, alternative and renewable
energies), waste production and management, mobility, transport and logistics. As
shown in Table 69 initiatives currently developed as smart (equal to the 68% of the
total) show aspects that define them as green initiatives. Compared to the dimensions
identified, the actions connected to the energy topic (containment of energy con-
sumption, reconversion to alternative or renewable energies, etc.) show a higher fre-
quency. Several are the initiatives connected to mobility, transport and logistics, too:
many of which are classified also in the topic area “air quality and reduction in CO2

emissions”.

Number of smart actions

Air quality 7
Soil use and consumption 6
Energy consumption 18
Waste production and management 2
Mobility, transport and logistics 14
Green impact 47
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In the examined case, it is clear that the characteristics and factors of the smart city
show areas of evident overlapping with those of the green city as well as areas that are
only partially common.

5 Conclusions

The smart city topic is gaining a position of great interest and newness for public
administrations but also for the research community and for enterprises. The literature
analysis highlights how the smart city concept does not have an accredited and fully
shared definition yet. This is mainly due to a process of bottom-up type implementation
of the smart city: local administrations, enterprises and associations moved indepen-
dently to carry out smart small actions or large projects, often without a direction or
planning able to define vision, strategies, goals and contents of the smart city. The
definitions are based on the collection of experiences under a unifying hat, trying to
keep together a multiplicity of aspects sometimes very different one from the other.

On the contrary, the green city has older origins and a better-defined perimeter.
Provided that the city is a huge agglomerate - larger and larger from the geographical
and population points of view – that consumes natural resources and produces pollu-
tion, the green city is a urban planning strategy that tries to make the city greener
thanks to public actions and single citizens behaviours aimed at the respect of the
environment, that, at the same time, allows to its residents and visitors to enjoy
healthier urban spaces.

The purpose of the Research questions of the study was to understand if there are
relationships between smart city and green city, which are these relationships and how
these two urban strategies can be directed towards this goal taking advantage of pos-
itive synergies. The analysis of the scientific literature, of national, international and
local experiences on the smart city topic highlights that, among the several themes
falling in the smart city perimeter, the environmental policies have a key role. This
generates a partial overlapping between smart city and green city this does not mean
that the two urban strategies fully coincide, nor that the green city can be considered as
a subset of the smart city, because several are the differences that we can find in
literature and in the analysis of empirical cases.

The key element that characterizes the smart city is technology, be it Information
Technology or other engineering technologies applied to typical infrastructures of the
urban fabric, such as roads, buildings, public lighting, transport, etc. On the contrary,
the green city key element is the environment and its protection in every possible
meaning of the word. The protection of the environment is also the clear objective of
the green city, whilst the smart city has a much wider, ambitious but vague objective,
that is to say, to improve the quality of life in the urban context. By intertwining above
key elements and objectives, we can identify the overlappings between smart city and
digital city. If we want to define such overlapping, we could say that smart city and
digital city coincide where technology is employed to reduce the city impact on the use
of natural resources, on energy consumption and soil, on air and water pollution.

In the above overlapping, it is possible to identify common dimensions, shared
indicators and synergic policies to go towards a city that is both smart and green. In

Smart City and Green Development 201



fact, the common dimensions are exactly those on which technology can intervene on
taking positive actions on these green topics: air quality, soil use and consumption,
energy consumption, waste management, logistic mobility and urban transport. The
common indicators are those that aim at measuring the green impact obtained by smart
actions, namely activities for the environment protection that employ innovative
technologies. Let us think about the use of ICT to offer remote services and to avoid
unnecessary travels the use of technologies for the production of energy from clean and
renewable energy sources, the increase of energy efficiency of buildings, and so on.

We should keep in mind that not all the smart actions are also green and the other
way round: it is therefore up to each city to determine what are its smart objectives, its
green objectives and to identify overlappings and synergies to be supported with
appropriate political, administrative and design measures. The specificity of the choices
of every single city, though included in a smart/green overall vision common to other
cities, clearly stands out from the empirical analysis of the report.

In the report, it is evident that the smart actions and projects were born in the
absence of a well-outlined strategic framework and of definite objectives: this does not
allow either to apply prioritization criteria among the actions to be carried out, or to
measure and evaluate the achieved results. It follows that in the smart perimeter is
included a really too wide and heterogeneous range of actions very different one from
the other and lacking shared objectives.

Besides, the detailed analysis of all smart actions and projects of the report high-
lights how, mainly as regards European projects, the overlapping of smart and green
strategies is very high. We should consider the following: the European projects are
guided by strategic guidelines of the European Union, that tends to attribute to the
smart city concept a much greener content than that emerging from the literature.

Overall, regarding the smart projects highlighted in the report, it also emerges that
the energy component is predominant. Here we have to make another consideration:
smart cities, thanks to the technological component, are a topic that strongly involves
also the hi-tech sector companies that are particularly interested in the smart city as a
potential market for their technological products. From the analysis of Genoa case, it
comes into light that, lacking the city its own strategic vision, the choices of priority
areas were heavily influenced by two forces: the areas where the European Union
placed funds and the interest of partner companies of the Smart Cities.

In conclusion, both the literature analysis and the study of an empiric case allowed
highlighting that a large shared area (Research question 1) exists between smart city
and green city, whose dimension is influenced by the choices and priorities of each city
with respect to the green objectives that can be achieved by using smart technologies.
The dimensions of this overlapping regard the use of natural resources, energy con-
sumption and polluting emissions (Research question 2). The smartness and greenness
indicators of the city have to be applied considering that not all the smart activities have
green impacts, and not all green actions are also smart, so that an indicator such as the
reduction of CO2 emissions should be interpreted in relation with the actions that
generated it (Research question 3). Lastly, as regards the policies common to the smart
city and green city strategies (Research question 4), relevant synergies are depending
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on the choices and on the vision of each city. It is up to each city to choose if and to
what extent to be smart or green and if to pursue the green objectives through tech-
nology, citizens’ virtuous behaviour or both.
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Abstract. The advancement in technology is transforming societies into digital
arenas and paves the way towards the achievement of digital transformation.
With every transaction in the digital world leading to the generation of data, big
data and their analytics have received major attention in various fields and
different contexts, examining how they may benefit the different actors in the
society. The present study aims to identify how startups that develop products
with both software and hardware parts can generate value from data analytics
and what challenges they face towards this direction. To this end, we performed
a multiple-case study with early-stage startups and employed qualitative analysis
on a dataset from 13 startups. Through semi-structured interviews, we examine
how these companies use data analytics. The findings show that although the
benefits from data analytics are clear, multiple barriers and challenges exist for
the startups to be able to create value from them. The major ones are about their
resources, including human skills, economical resources, as well as time man-
agement and privacy issues.

Keywords: Startups � Big data � Data analytics � Empirical research

1 Introduction

In the digital era of the 21st century information and knowledge becomes readily
available to more and more people every day. Societies generate vast amounts of data
every moment from multiple sources, transforming them into landscapes mediated by
different digital media platforms, digital services, and technologies, leading to the
creation of big data and business analytics ecosystems [1, 34]. The different actors of
the society (i.e., industry, public and private organizations, entrepreneurs, academia,
civil society) are increasingly realizing the potential of the generated data which can
lead to value creation, business change, and social change. To this end, many entre-
preneurs and startups are actively trying to harness the power of big data and create
software and hardware with the potential to increase value, gain a competitive
advantage, and improve various aspects of human life [2, 34].
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Startups are newly created companies producing cutting-edge technology, having a
major impact on the global economy [9]. In a context of extreme uncertainty and
restricted economical, human, and physical resources, startups have unique challenges
related to product development and innovation methods [10]. This results in a high
number of failures, primarily due to self-destruction rather than competition [10, 11].
Operating in fast-changing, competitive high-risk environments, continuous experi-
mentation is essential for learning and bringing products fast-to-market [12].

There is increasing literature on how big data analytics can generate value towards
business or societal transformation [3, 4], however further work is needed in order to
identify and overcome existing barriers that will allow practitioners to generate value
from big data and analytics [5]. Digitization and big data analytics have disrupted
business models and can be essential tools to reduce increasing failure rates of
established companies [6]. Innovative startups profit on reduced barriers for entering
markets with technologies disrupting current distribution channels, customer demands,
and customer relationships [7]. Big data analytics plays a crucial role in complementing
and even substituting labor for machines, especially in the context of value-creating
managerial decisions [8]. Even if the barriers to entry are lowered, startups operate in a
context of restricted resources and a lack of technical and managerial skills [13].
However, startups have some characteristics (e.g., ability to quickly change and scale
business model) enabling them to compete with mature companies. The role and
widespread of data analytics in startups is yet to be explored, even if utilization of such
can be a major success factor in the ever-increasing competitive business landscapes
[4].

This study focuses on how hardware startups can benefit from big data and seeks to
identify the challenges they face which will allow them to make datadriven decisions
and generate value from big data analytics. To this end, this paper will offer insight into
software and hardware startup companies by answering the following research
questions:

RQ1 How can startups create value from (big) data and analytics?
RQ2 What are the barriers for working with (big) data analytics in hardware
startups?

To address these questions, this study performs a multiple-case study investigating
early-stage European hardware startups, developing products of both hardware and
software parts [33]. Even if the potential of (big) data analytics is huge, findings
indicate that startups developing both hardware and software do not take advantage of
such. To this end, there are identified several challenges and barriers for working with
data analytics in such startups, including limited data variety and difficulty of per-
forming business experimentation.

The rest of this paper is organized as follows: Sect. 2 presents background litera-
ture. Section 3 explains our research method, including case selections and data
analysis procedure. Section 4 presents the findings from the interviews. Section 5
discusses the results, and highlights directions for future research.
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2 Background

2.1 Product Development in Startups

The primary objective of startups is to speed up the product development in the early-
stages, streamlining the learning process [12]. Startups must respond to fast-changing
customer needs and requests [14], both by speeding up the decision and design pro-
cesses [15]. Startups typically do so by utilizing an evolutionary prototyping approach,
meaning that they iteratively refine an initial prototype aiming at quickly validating the
product/market fit. Customer feedback highlights new functionality and improvements.
As long-term planning is infeasible in the chaotic environment of startups, flexibility
and reactiveness are necessary [18].

Instead of utilizing repeatable and controlled processes, startups take advantage of
reactive, low-precision engineering practices with focus on the productivity and free-
dom of their teams [18]. Startups prefer ad-hoc development approaches customized to
their own needs, limiting the administrative overhead. In an experimental environment
constantly compromising between speed and quality, certain agile practices might not
be beneficial (e.g., regular refactoring and test-first), as excessive administrative
overhead can inhibit business experimentation [15]. To bring innovative products fast
forward, startups depend on team members and resources dedicated to all aspects of the
development process, and to be change-oriented and self-initiated. Startups capability
to enter new markets and disrupt current business models is largely associated with the
uniqueness of human capital and the different approaches they employ.

2.2 The Importance of Data Analytics

In the ever-increasing digital world, businesses need to develop and evolve their
(big) data analytics capabilities and competencies which are key to achieving suc-
cessful digital business [4, 19]. The evolution of the digital economy and its combi-
nation with (big) data analytics is challenging current business models with many
startups disrupting well-established companies [20]. Big data refers to expansive col-
lections of data (large volumes) that are updated quickly and frequently (high velocity)
and that exhibit a huge range of different formats and content (wide variety) [21]. Yet,
there is limited understanding of how entrepreneurs and startups need to change to
embrace such technological innovations and generate value in the digital economy.
Indeed, they need to build upon their main resources that include people, processes,
and technology [22]. This is very important, as it allows businesses and decision-
makers to respond almost instantaneously to market needs, thus increasing their
operational agility. An iterative and incremental approach combined with frequent
releases is essential for startups ability to quickly accommodate frequent change, and
adapt prototyping to business strategy [16].

Startups and the individuals working there have the opportunity to take advantage
of the available data and create new products transforming a market or an industry [3],
and big data analytics may be viewed as resources in this process that enable value
creation and digital transformation. Many software startups are using existing
ecosystems (e.g., Apache Hadoop) to build value-added software and solutions [23].
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Nonetheless, since various challenges exist in improving the value creation process,
significant research is targeted on addressing these challenges taking into account
engineering issues related to specifications, design, or requirements in software
development [24]. However, a similar approach is not that easy to be followed by
startups that develop both hardware and software. Availability of resources, as well as
external and development dependencies, pose restrictions to the implementation of
hardware [17], thus influencing the ability of these startups to utilize big data and
analytics.

3 Research Method

To explore the research questions we performed semi-structured interviews on 13
early-stage European hardware startups. Semi-structured interviews are considered
suitable for qualitative data analysis, and allowed for a discoverable approach as
interviewees could express themselves more freely and provide their own perspectives
on personal experiences related to the research topics [25]. The rest of this chapter
presents our research process, including case selections and the collection and analysis
of data.

3.1 Case and Subjects Selection

The units of analysis are people involved in product development in startup companies
that deliver products with mixed hardware and software parts. We defined selection
criteria as suggested by Runeson and Höst [26]. Table 1 presents basic information
about each case. The current stage in the table is adopted from [27], however the first
stage startup is replaced by concept to avoid misunderstandings.

Startups were relevant for inclusion in the study if they met the following criteria:
(1) The startup develops both hardware and software parts. (2) The startup has been
active for at least six months. (3) The startup has a first running prototype. (4) The
startup’s ambition is to scale its business. People from the relevant startups were
eligible for participation if they had experience and/or knowledge about software
and/or hardware development. If the candidate met the criteria, he/she was regarded as
qualified for contributing to the research study.

We used five different channels to find relevant startups: (1) Innovation Center
Gløshaugen, (2) NTNU Accel and FAKTRY, (3) our professional networks,
(4) OsloTech and StartupLab, and (5) The Hub. Figure 1 presents examples of the
products developed by the startups of this study.

3.2 Data Collection and Analysis Procedure

Data was collected using a semi-structured interview guideline between February and
April 2018. Author one and two attended all interviews to avoid one single interpre-
tation of the respondents’ perspectives and insights on topics. This firstdegree data
collection approach allowed us to control what data was collected, ensuring that all pre-
defined interview questions were answered sufficiently, and exploring new directions

208 V. Berg et al.



by asking follow-up questions [26]. All interviews were recorded and transcribed
shortly afterward. Before each interview, we looked into the cases’ business back-
ground, either through their company websites or other relevant incubator or acceler-
ator websites. Additionally, participants were encouraged to answer a simple
questionnaire prior to interviews filling out basic information about themselves and the
company. The following list presents the main topics and interview questions of the
interview guideline:

Table 1. Case descriptions

Case Product Current
stage

Founded Location # of
employees

Startup 1 (S1) Smart gloves Concept 2016 Norway 18
Startup 2 (S2) Medtech biosensor Concept 2017 Norway 5
Startup 3 (S3) Physical exercise game Stabilization 2016 Norway 5
Startup 4 (S4) Unmanned aircraft

system
Concept 2016 Norway 7

Startup 5 (S5) Advanced noise
cancellation

Concept 2017 Norway 5

Startup 6 (S6) Medtech hydration
monitoring

Concept 2016 Norway 10

Startup 7 (S7) LPG management system Stabilization 2016 Norway 8
Startup 8 (S8) Cable cam system Stabilization 2016 Norway 10
Startup 9 (S9) Digital piggy bank Concept 2017 Norway 4
Startup 10
(S10)

Collaborative camera Growth 2014 Norway 50

Startup 11
(S11)

Interactive children’s toy Concept 2015 Netherlands 8

Startup 12
(S12)

3D-printer control board Growth 2009 Norway 1

Startup 13
(S13)

Sensors for IoT Growth 2007 Italy 25

Fig. 1. Product illustration from the investigated startups
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– Business background
– Describe your product and team.
– Name the three largest challenges you have encountered.
– Product development
– What development process do you use?
– How are internal/external factors influencing product development?
– Data analytics
– How do you collect customer data?
– Have you used data analytics for requirements elicitation?
– What are challenges related to data analytics?

The interviews were undertaken in the language preferred by the interviewee
(English or Norwegian). Several of the interviews were therefore undertaken in Nor-
wegian as this made the interviewees more comfortable. This allowed them to express
themselves more freely, and give more in-depth explanations. Because of this, it was
necessary to translate some of the interviews when transcribing. As there often doesn’t
exist a one-to-one relationship between language and meaning [28], the translation of
the transcribed interviews was ensured to “express all aspects of the meaning in a
manner that is understandable” [29]. This implies that not all parts of the interviews
were directly translated word-for-word.

A total of 68 pages of interview transcripts were analyzed using thematic coding
analysis [30]. The transcripts were coded and analyzed using NVivo. Firstly, all authors
read through the transcribed interviews to generate initial ideas. Secondly, descriptive
coding was applied through an inductive coding approach to systematically identify
concepts and topics of interest [31]. Related codes were combined into themes to create
patterns and a meaningful whole of the unstructured codes [30]. Section 4 presents the
findings from the analysis process.

3.3 Validity Procedure

The validity must be addressed for all phases of the case study to enable replication of
research [26] and to ensure findings are trustworthy [30]. To ensure validity, we
followed guidelines used in controlled empirical experiments in software engineering
[32].

Interviewees were either CEOs or engineers with insight into business- and
technical-related aspects. As the startups were mostly located in the same area, mainly
consisting of young, inexperienced entrepreneurs, generalization is limited to cases
with similar characteristics (i.e., early-stage European startups). To decrease the risk of
biased interpretations, author one and two attended all interviews. Some interviews
were in Norwegian, hence transcripts were not always verbatim to preserve the actual
meaning of respondents. Recordings were transcribed shortly after each interview to
mitigate bias. Since it is difficult to understand a startup and its dimensions within a
time-span of 30 min, we collected data about the startups through incubator and
company websites prior to interviews.
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4 Results

4.1 Utilization of Data Analytics

Among the investigated startups, the usage of data analytics methods was generally
limited. Operating in early stages, they were often determined to rapidly develop new
features and perform customer validation. The startups in this study mostly relied on
qualitative measures (e.g., interviews and observations) to obtain customer feedback.
“We have not used data analytics, and do not collect customer data.” When focusing
on the short-term business goals, they minimized any effort spent on data analytics,
rather focusing on the core-delivered values of their products to quickly release a
minimum viable product to customers. Improving data collection measures was con-
sidered as a rather time-consuming activity. “Data analytics is not something we
currently spend time on.”

Although the startups commonly spent little time on gathering or learning from data
analytics efforts, some had a clear perception of the possible business opportunities and
benefits from utilization of such. Even if so, data analytics was usually outside their
business scope. “We have looked at some future possibilities of data analytics, but it is
not something we currently focus on.” A brake-pad in introducing greater focus
towards data analytics was that the startups in this study did not have large amounts of
data at their disposal. The restricted access to useful data inhibited potential value-
adding activities from data analytics. “It’s too early for us to get something valuable
from data analytics.”

The capabilities of team members greatly influence the associated success of
startups. From the investigations, we saw an increased focus on data analytics in
startups with team members having experience or expertise within the field. Despite for
the general limited use of data analytics, possessing the required knowledge and skills
of such can have a positive impact on its widespread adoption within a startup orga-
nization. “We work with data analytics and do most of it ourselves […] It requires that
your company is able to get that expertise.”

Although some of the investigated startups were aware of opportunities and benefits
associated with utilizing data analytics for decision-making and requirements elicita-
tion, they mainly focused on the core-delivered functionalities of their products to
speed-up development. The findings show, that value-adding activities related to data
analytics were considered as less important compared to product development
activities.

4.2 Barriers for Obtaining Deeper Customer Insight

Experimentation, testing, and assessment can be a challenge to startups developing
products including both software and hardware components. Physical prototypes are
more resource-intensive to develop, in contrast to pure software products, thus limiting
startups’ ability to test products with a larger customer base. The testing ability of these
startups will largely depend on their capacity (i.e., third-party dependency, financial
and human resources) to produce prototypes: “There is a great number of people who
want to test our product, however, we do not have the capacity to produce enough
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prototypes. The main reason for this is hardware production, which happens in China,
and the manual assembly we do ourselves.”

Findings from the investigated startups indicate that the amount of collected data in
early stages is limited in terms of volume, velocity, and variety, as the data are gen-
erated mainly from one prototype used by a couple of users, thus restricting data
capture along with their ability to generate value from them. This relates strongly to the
early stages of a startup characterized by the existence of only a few customers, as well
as to startups developing evolutionary independent systems. Startups may be reluctant
to invest in data analytics due to the perceived limitations of the available data: “The
data amount is still a little too small to do any proper analysis of it, and we do not
collect enough personal info yet to perform the analysis.”

Acquiring people with the necessary knowledge and skills in data analytics is one
of the major challenges in generating value from (big) data. With startups looking for
team members with knowledge in a wide area of fields (boundary spanning knowl-
edge), it is not easy to put a significant focus on data analytics skills and knowledge.
The investigated startups had limited expertise in performing data analytics, and
knowledge about available tools suited to address startups’ concerns or requirements.
The findings show that attracting knowledgeable people is quite hard and with
resources being severely restricted, hiring specialized people only to work with data
analytics is rarely an opportunity, not to mention a priority of startups: “Finding
talented people is hard. Since we are a startup we cannot give very good salary […] If
we had more money we would employ someone to analyze product and customer data
[…] I see the value of it, but for the time being, it is not a priority.”

The highly competitive environment of startups and severely limited resources
imply startups strict priorities. Data analytics efforts may exhaust the already con-
strained financial and time resources. In addition, collecting the necessary data may
present an additional cost of components (e.g., sensors and IoT technology) and human
investments. This may be a priority startups are not willing to take: “At the time this
[data analytics] is not something we prioritize.”

Startups work with innovative technology and products for a wide area of markets.
Certain markets may pose specific restrictions and regulations for data collection. This
makes the customer testing an intricate process, involving a significant amount of
paperwork. Storing customer data for later analyses may be illegal or too entangled,
preventing the use of data analytics. Startups need guidelines for handling privacy (e.g.,
General Data Protection Regulation - GDPR) and security issues to fully take advan-
tage of the benefits of data analytics: “When working with hospitals, data becomes
more complicated due to privacy.”

The uncertain conditions and fast-changing environment of startups mean long-
term planning is not part of their business model, as this is not the way they operate.
Some of the investigated startups’ business managers lacked the required knowledge to
implement data analytics and the potential value in their business plan: “I see data
analyses as the next step for our business […] Currently we do not even know what our
data can be used for.”
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5 Discussion and Conclusions

This study examines how startups can generate value by employing data analytics
methods. With the majority of the literature focusing on startups that create software,
here, we choose to investigate startups that develop both hardware and software. This
specific category of startups presents great interest due to specific challenges that
differentiate them from typical software startups. Indeed these startups are more likely
to face challenges such as limited availability of resources or to be dependant on
external factors linked with hardware development [17]. Such challenges are expected
to affect their ability to use big data and analytics in order to generate value.

The findings show that some of the startups are aware of the potential benefits from
using (big) data analytics, however, they face various barriers and challenges which
limit them from utilizing them in their business models and business process. Table 2
presents the main barriers to working with (big) data analytics as identified in this
study. In detail, the startups face challenges related with their prototyping capacity, as
they are able to develop only limited amount of hardware prototypes, thus limiting the
number of users that can use them at the same time. This is directly linked with the
limited financial resources that young startups have, as well as with the time-shortage
that characterizes startups, since they are forced to work on short deadlines and
intensive processes.

The challenge with the limited prototyping capacity can indirectly affect data
availability. In detail, limited hardware and users lead to an impact to generated data.
However, such limitations could be overcome by better planning and more focused
testing of their products with their end-users. Furthermore, some of the startups
mention that they face specific security and privacy issues related with the use of
personal data, due to the nature of their business (e.g., medical technology tested at
hospitals). Nonetheless, such barriers can be overcome with the collaboration of the
different actors in the society (i.e., industry, government, academia), and the recently
directive from EU on data protection (i.e., GDPR) is a step towards that direction.
Finally, the startups indicate that generating knowledge from data analytics is not a
primary objective for them, thus it is not included in their overall business strategies.
This is also linked with the other barriers, regarding prototyping capacity and resource
availability, since they believe that they are not able to achieve their short-term goals
using data analytics.

Some business managers mention that they possess limited knowledge on what
additional value data analytics could provide to their decision-making and design
process. Increasing business managers’ awareness around the potential knowledge and
presenting them with practical information and knowledge will increase the potential of
including data analytics in their business models. This can be achieved by offering to
startups validated learning, through the use of cohort metrics (e.g., actionable, acces-
sible, and auditable metrics) and analysis. As startups are characterized by short-term
planning and frequent releases, utilizing big data analytics will allow startups to make
data-driven decisions, which can be faster and with increased quality, thus being
consistent with the agile environment that most startups operate.
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As with all empirical studies, this study has some limitations. Qualitative data
collection measures imply that results and implications are subject to bias. To mitigate
the risk of wrong interpretations, author one and two attended all interviews, preferably
face-to-face on-site. Recordings were transcribed shortly afterward to preserve
respondents’ actual meanings. Furthermore, the study would profit from a wider col-
lection of data, both to discover more challenges and to ensure credible conclusions.
Also, employing quantitative methods would allow for data triangulation.

This study provides initial knowledge on data analytics in startups, however, future
work should investigate more startups both to identify other challenges and barriers,
and for generalization of results to a larger startup population (e.g., operating in dif-
ferent markets and lifecycle stages, and various geographical locations). Seeing that the
widespread of data analytics is limited, startups need specific methods for utilizing
analysis tools in early startup stages. Startup managers need guidance to understand
how their data can generate revenues, and what knowledge is required for their
organization to thrive from data analytics. Startups need directions for how to imple-
ment a data analytics strategy to benefit the company in the long run.

Acknowledgments. We would like to thank the startups that participated in this study. This
project has received funding from the European Unions Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant agreement No 751550.

Table 2. Barriers for working with (big) data analytics

Barrier Description

Prototyping capacity Physical prototypes are associated with individual development
costs and time (e.g., third-party dependency)

Limitations of data Data in early startup stages are characterized by low volume,
velocity, and variety

Team capabilities Startups have high demands for skillful teams with entrepreneurial
capabilities. Experience using data analytics will positively impact
its widespread organizational adoption

Financial resources Hardware development includes production, manufacturing, and
logistics, which require more initial human and financial
investments

Time-shortage The uncertain high-risk environment forces startups to release their
products fast and to work under constant pressure

Security & privacy
issues

Collecting customer and usage data for (big) data analytics have
associated privacy and security issues

Integration with
business strategy

Data analytics activities are usually outside the short-term business
goals of startups
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Abstract. The concept of ‘Minimum Viable Product’ (MVP) is largely
adapted in the software industry as well as in academia. Minimum viable
products are used to test hypotheses regarding the target audience, save
resources from unnecessary development work and guide a company
towards a stable business model. As the game industry is becoming
an important business domain, it is not surprise that the concept has
been adopted also in the game development. This study surveys how a
Minimum Viable Game (MVG) is defined, what is reported in extant lit-
erature as well as present results from a small case study survey done to
nine game development companies. The study shows that despite pop-
ularity of minimum viable games in the industrial fora, the presented
views on the concept are diverged and there is lack of practical guide-
lines and research supporting game companies. This study points out
research gaps in the area as well as calls for actions to further develop
the concept and to define guidelines.

Keywords: Minimum viable product · Minimum viable game
Game business

1 Introduction

A key characteristic of the modern business world is speed [10]. An often repeated
argument claims that the pace of business is going to even increase in the
future [7,20]. The requirement for speeding up is visible also for start-ups, which
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aim to quickly find a repeatable and scalable business model [4]. As it is fre-
quently stated, start-ups are lacking time and resources [12], and therefore, it is
crucial for them to find quickly whether their product or service is suitable for
markets.

In the beginning of the 2010s, the so-called Lean Startup methodology (LSU,
hereafter), by Ries [35], started to gain popularity. The methodology aims,
through continuous hypothesis testing, at validating whether there is business
potential in the product or service. One of the methodology’s cornerstones is
the concept of Minimum Viable Product (MVP, hereafter). The concept was
first defined already in 2001 by Frank Robinson (c.f. [28]), yet it became widely
known with the raising popularity of the LSU [5]. According to Ries1, “the min-
imum viable product is that version of a new product which allows a team to
collect the maximum amount of validated learningabout customers with
the least effort .”2

The MVP concept can be seen as continuum of Blank’s [3] Customer
development methodology. In this methodology, Blank’s key advice, for new
entrepreneurs, is to face potential customers early upon—informally referred as
the ‘Get out of the building’ principle [4,15]—to collect valuable information on
what customers want and are willing to pay for. As the objective of the LSU is
to avoid of building a complete product before learning that it is not valuable
for the customers [35], the concept of a minimum viable product fits well to test
the suitability of product before it has been finished. In addition, it allows a
company to redirect its product and strategy to areas that are the most fruitfull
for the company.

As the global video game industry is estimated to reach a total revenue of
over USD 80 billion3 by the year of 2018, it is not surprising that also game devel-
opment companies and game business advocates have been interested towards
the MVP. For example, a senior manager4 of Zynga Inc. revealed in an interview
that FarmVille, a hugely popular Facebook game, was initially launched as a
‘minimum viable product’. In addition, the popular Pokémon Go mobile game,
by Niantic Inc., is in the grey literature often claimed5 to be an example of a
successful MVP usage in the video game industry.

1 Eric Ries (August 3, 2009) Lessons Learned: Minimum Viable Product:
a guide. http://www.startuplessonslearned.com/2009/08/minimum-viable-product-
guide.html Last accessed September 23, 2018.

2 Emphasises added by the authors of this paper.
3 Statista (2018) Value of the global video games market from 2011 to

2020. https://www.statista.com/statistics/246888/value-of-the-global-video-game-
market/ Last accessed September 23, 2018.

4 Matt Purslow (February 28, 2011) FarmVille launched as a “minimum viable prod-
uct”. Took 32.5 million users in one day. https://www.pcgamer.com/farmville-
launched-as-a-minimum-viable-product-took-32-5-million-users-in-one-day/. Last
accessed September 23, 2018.

5 E.g., Paul Frazier (August 12, 2016) Pokémon Go is a Minimal Viable
Product. https://www.itx.com/ITX-Blog/Article/408/Pokemon-GO-is-a-Minimal-
Viable-Product. Last accessed September 23, 2018.
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However, there are a few remarkable differences between utility software and
video games that should be acknowledged when the concept of MVP is adapted
to new domains. First, while utility software solutions can be used for several
years or even decades without major changes, the expected life-cycle of a com-
puter game is much shorter. For example, the average length to complete the
ten most popular games in the HowLongToBeat6 service range from around 20 h
to a bit over 100 h. While there are of course games which core game play can
be repeated ad infinitum, games are, on average, disposable products that have
to impress gamers quickly.

Second, whereas the utility software—such as a spreadsheet programme or a
fitness tracker—should aim to help users in all possible ways, the games, instead,
should aim to challenge the users [43]. Yet, too challenging as well as too helpful
games create frustration [40]. Thus, the games’ aim is to reach a flow expe-
rience [9]. However, this should be done with little or no delay as a gamer
might get annoyed and switch game to another. Thirdly, the user experience
and playability—i.e. overall quality of gameplay—is everything [32]. Whereas
small irritating mistakes in a utility software can be tolerated for years, these
can be fatal in a video game.

These contradictions between video games and utility software turn our focus
towards the use of the minimum viable product concept in the game industry.
The MVP was initially promoted for utility software solutions where adding
a new feature or pivoting product’s strategy would be more feasible approach
than in the game industry. While MVPs in the software industry have been
previously addressed (e.g. [15,28,33]), to the best of authors’ knowledge, only
a little of using MVPs—or Minimum Viable Games (MVGs, hereafter)—in the
game industry is discussed in the extant literature (e.g. [19,36]).

The objective of this paper is to study how computer game start-ups perceive
and use MVPs in their businesses. The study’s approach is explorative, aiming
to shed light on the current practices and extant knowledge. We use a recent
structured review as a starting point and present an unstructured literature
review on the area. As empirical data, we use a large global survey done with
software start-ups (c.f. [25]). In total, the survey received 86 start-up stories and
more than 23 000 data-points. In this study, we focus on the subset of the start-
up companies identified to be video game companies. To the best of authors’
knowledge, this study presents first empirical observations from using MVPs in
the game industry. Based on the problems arisen from the empirical material as
well as from the extant literature, we discuss needed future research actions and
lay some building blocks for further inquires.

The remaining of this paper is organised as follows. Section 2 presents a
review of literature as well as positions our view of a MVP. It is followed by
a description of empirical research process used as well as an overview of the
result in Sect. 3. Discussion is presented in Sect. 4 and finally, Sect. 5 concludes
the study.

6 How long does it take to beat your favorite games? https://www.howlongtobeat.com
Last accessed September 23, 2018.

https://www.howlongtobeat.com
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2 Review of Literature

According to the recent systematic mapping study on the evolution of the mini-
mum viable product concept by Lenarduzzi and Taibi [28], the concept was first
discussed by Frank Robinson as early as 2001 and then brought forth and popu-
larised by Eric Ries and Steve Blank. In addition, the term has been discussed,
with similar meaning, as early as 1999 by Goodwin and Ball [13] and in 2000 by
Junk [21]. Altogether, Lenarduzzi and Taibi [28] found 22 different definitions
for a MVP which were mostly published between 2012 and 2015. However, they
also pointed out that most of those definitions were not referred or used by other
than by the authors themselves.

In this study, we follow the market-oriented line of definitions, e.g., those
given by Ries as a part of the LSU methodology. For instance, in his book, Ries
[35, p. 93] elaborated MVP’s concept more by stating that it “[i]s not necessarily
the smallest product imaginable; it is simply the fastest way to get through the
Build-Measure-Learn feedback loop with the minimum amount of effort.” Also,
Moogk [29] emphasise the value of a MVP to a new venture for engaging new
customers and testing the product’s value proposition.

In addition, it is worth to note that we draw a distinction between a prototype
and a MVP. In our use, the former refers a product version that is used to test
the product inside the organisation. The latter refers to a product version that is
used to collect validated learning from potential customers and users. That is, in
our use, an MVP aims to maximise learning from real customers—and therefore,
from the market—with the minimum amount of effort needed. However, in the
extant literature, differences and similarities between a prototype and a MVP
are not always clearly defined (c.f. [28]).

In the extant literature, several studies have focused on different aspects
of minimum viable products. For instance, Hokkanen [15] studied interweaving
user experience design with the development of a MVP. Hokkanen, Kuusinen and
Väänänen [16] presented a framework for start-up companies for design Mini-
mum Viable User Experience (MVUX). In addition, Münch et al. [30] studied
the creation of MVPs in industry-academia collaboration and Bosch et al. [8] as
well as Björk et al. [1] have discussed on the usage of MVP as a part of software
development model in early-stage start-ups. Furthermore, in a large survey with
more than 4,000 companies, Wang et al. [42] found that early-stage start-ups
list MVP as one of the key challenges.

However, the number of empirical studies reporting the use of MVPs in the
industry is small. For example, Ngueyn-Duc and Abrahamsson [33] studied the
usage of MVPs in five software start-ups and showed that the concept seems to
be useful as a design artefact, a boundary spanning artefact as well as a reusable
artefact. Khanna, Ngueyn-Duc and Wang [22] reported a case study on how two
start-ups selected hypotheses they wished to test with their MVPs. The study
showed that the relationships between business goals and hypotheses tested in
MVPs are complex in their cases.

When the focus is narrowed down to the game industry and in the domain
of computer games, the research in new companies and product launches is
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remarkable scarcer. This is surprising, given that most installed and used mobile
applications are games [6,17]. Furthermore, there is lack of academic research
about using MVPs in the game development. However, there is a series of work
in grey literature devoted to characterise and guide on using MVPs.

For example, Tyler York7 discusses on applicability of LSU methodology and
MVPs in the game industry. In addition, some companies have reported their
company’s approach on using a MVP8,9. However, also alternative views and
critique have been presented – the director of developer relations of Chillingo10,
the publisher of mobile games such as Angry Birds and Cut the Rope, stated
that it is disrespectful from game developers to publish unfinished products and
force gamers to wait for major features. In addition, while Pokémon Go has been
praised as an example of publishing a MVP game in the grey literature, it has
also been labelled to be a launch failure due to technical problems and lack of
content early on11.

In the extant literature, only Järvi et al. [19] and Rosenfield Boeira [36] have
discussed the use of MVPs in the game development. Järvi et al. [19] present a
conceptual design for a video game start-up accelerator and discuss on central
concepts related to the accelerator program. They define a minimum viable
game as a product version “that implements the core game mechanics leaving
out everything else. In addition, they state that “games are holistic products and
it is not trivial to know what contributes to the players’ experience and what
can be left out of the game”. Finally, they also emphasise the difference between
the MVG and MVP concepts as adding and removing new features in the latter
is easier than in the former. In the case of MVG, the authors underline the
importance of keeping the gameplay in balance with every changes made.

Rosenfield Boeira [36] discusses how MVPs can be used in the gaming indus-
try and gives advice for the practitioners. The study notes the concepts of MVP
and MVG, yet it presents a minimum viable game as a synonym for a MVP

7 Tyler York (April 17, 2012) Making Lean Startup Tactics Work for Games. https://
www.gamasutra.com/view/feature/168647/making lean startup tactics work .php.
Last accessed September 23, 2018.

8 Juha Vainio (March 15, 2015) Starting up a game business: Working with Minimum
Viable Products. https://gamasutra.com/blogs/JuhaVainio/20150903/252860/
Starting up a game business Working with Minimum Viable Products.php. Last
accessed September 23, 2018.

9 Alew Wavro (October 30, 2015) Astroneer’s ex-AAA devs explore a strange
new world of indie life. https://www.gamasutra.com/view/news/257267/
Astroneers exAAA devs explore a strange new world of indie life.php. Last
accessed September 23, 2018.

10 Brendan Sinclair (November 19, 2015) “Minimum viable products are dinosaurs”
https://www.gamesindustry.biz/articles/2015-11-19-minimum-viable-products-
are-dinosaurs. Last accessed September 23, 2018.

11 Derek Anderson. 5 Steps for Creating a Minimum Viable Product (and the case
of the Pokémon GO app). https://sphereinc.com/5-steps-for-creating-a-minimum-
viable-product-and-the-case-of-the-pokemon-go-app/. Last accessed September 23,
2018.

https://www.gamasutra.com/view/feature/168647/making_lean_startup_tactics_work_.php
https://www.gamasutra.com/view/feature/168647/making_lean_startup_tactics_work_.php
https://gamasutra.com/blogs/JuhaVainio/20150903/252860/Starting_up_a_game_business_Working_with_Minimum_Viable_Products.php
https://gamasutra.com/blogs/JuhaVainio/20150903/252860/Starting_up_a_game_business_Working_with_Minimum_Viable_Products.php
https://www.gamasutra.com/view/news/257267/Astroneers_exAAA_devs_explore_a_strange_new_world_of_indie_life.php
https://www.gamasutra.com/view/news/257267/Astroneers_exAAA_devs_explore_a_strange_new_world_of_indie_life.php
https://www.gamesindustry.biz/articles/2015-11-19-minimum-viable-products-are-dinosaurs
https://www.gamesindustry.biz/articles/2015-11-19-minimum-viable-products-are-dinosaurs
https://sphereinc.com/5-steps-for-creating-a-minimum-viable-product-and-the-case-of-the-pokemon-go-app/
https://sphereinc.com/5-steps-for-creating-a-minimum-viable-product-and-the-case-of-the-pokemon-go-app/
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in the video game industry. Furthermore, Rosenfield Boeira [36] draws a line
between a MVG and a prototype, stating that MVG aims to deliver value to the
client whereas a prototype delivers to the development company. That is, the
prototype focuses on technical and the MVG to the commercial viability. For
the sake of simplicity, we follow this divisions in the remaining of this study.

A classic example, often seen in the grey literature, is to consider the most
minimum viable game of Super Mario Bros. Its minimum viable version, accord-
ing to e.g. [36], would include only abilities for walking and jumping over the
holes. While the basic game mechanism can be tried with this kind of a version,
the question remains what kind of validated learning a game company would be
able collect. The skeleton, left after stripping off everything extra, would be a
yet another side-scrolling platform video game and we argue that testing it with
customers would not bring much new information. To depart from the existing
side-scrollers, the minimum viable version of a new game should contain enough
content to validate whether the ‘core fun’ is exciting and enticing. Similarly for
a totally new kind of a game, there should be enough content to test whether
the hypothesis on the core gameplay mechanism holds.

To summarise our review of extant literature, it can be stated that an impor-
tant question remains mainly unanswered. That is, what would be a minimum
viable game for gathering the maximum amount of validated learning with min-
imum amount of extra effort? For example, music and audio are an important
part of any game experience, yet they might not be an essential part for vali-
dating the core mechanisms and fun factors of a game. As our review of extant
literature shows, not much has been done regarding this area. Therefore, the
remaining of this article will first focus an empirical survey on whether video
game start-ups are utilising MVGs in their work. Finally, we identify and present
research gaps regarding the concept of MVG in the game industry.

3 Empirical Research

3.1 Research Process

This study uses a case survey method as a tool for data collection [27]. The
case survey method combines case study with a survey [23,34], thus allowing an
in-depth analysis of a larger number of cases. For this study, we used a large
questionnaire designed to survey development practices in start-up companies.
During the design phase, the survey was externally reviewed by 10 researchers
and it was tested with four software start-ups [24]. The final questionnaire con-
tains 85 questions in 10 sections12.

The questionnaire was globally marketed to former and current software
start-ups in social media, industrial events and by personal contacts. In addition,
respondents were recruited with the help of, e.g., Software Start-up Research
Network13. The data was collected from December 2016 to June 2017. In total,

12 http://startupcontextmap.org/exp-survey/woifenw2.
13 https://www.softwarestartups.org/.

http://startupcontextmap.org/exp-survey/woifenw2
https://www.softwarestartups.org/
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the questionnaire received 86 usable responses from Europe, North- and South-
America as well as from Asia. Some initial results of the survey on the technical
debt’s impact on software start-ups have been reported by Klotins et al. [24].

For this study, all responses of the survey were went through by the first two
authors of this study independently. From the set, they selected game companies
for further analysis. A game company is defined as an organisation which main
product or service is a digital game. The game can be for, e.g., educational or
purely a leisure purpose.

Finally, the selected case companies and their approaches to minimum viable
product were analysed. In the analysis, we use the companies responses to mul-
tiple choice and open-ended questions. For this study, we selected a subset of 27
questions on which we focus on.

3.2 Companies

Out of the 86 response cases, nine were categorised to work in the field of game
development. In Table 1, a short description of each company is given. In the
following, each company’s development approach is briefly described.

Company A produces animations and related educational games for pre-
school aged children. They have been able to stabilise their product and market
size. Their products were mainly based on own ideas as well as analysis of similar
educational games. The company followed a Waterfall-like development process
and acquired most of the software development work from subcontractors. The
company does not report of using prototypes or any kind of MVGs.

Also Company B works in the educational game sector; however, their focus
is on school-aged children. They have not published their product yet to the
market. Requirements ideas are based on market research, literature review and
user studies. Customer interviews were video recorded and used for requirements
validation. The company uses user-testing for its prototypes and an agile devel-
opment model, but they did not have formal plans or actions for any kinds of
minimum viable versions.

Company C develops mobile games for modern smart phone platforms. Ideas
for their own games are gathered by following market trends and recent develop-
ments. In addition, the company does work-for-hire game development for other
companies. Feedback is gathered with face-to-face interviews with players. The
company uses ‘MVPs’ for collecting feedback from related partners such as pub-
lishers and partners. Company C acknowledges the need for using ‘MVPs’ to
test fun and core game mechanisms of the game.

Company D works also with casual mobile games. Their main product has
already reached a stable market position. Also they gather ideas for their own
games by following market trends and development. The company uses proto-
types but does not actively utilise customers in requirements validation; however,
they use a selection of modern mobile game metrics to measure the game.

Also Company E develops mobile games and they, similarly, report of using
market trends and previous experience as a source for the requirements ideas.
The company uses ‘MVP’ approach in its development, yet the scope of the
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‘MVP’ is based on a gut feeling. The company uses A/B testing for fine-tuning
KPIs while the product is measured based on profit metrics (such as average
revenue per users).

Company F develops a game for easy and fast gambling. On the contrary
to the other cases, they did not report of using similar products as a starting
point for requirements engineering. However, the company extracted require-
ments from brainstorming sessions as well as observations, crafted a MVG and
tested the game. In addition, the company reports of using customer interviews
for feature prioritisation.

Company G develops games for a smart phone platform, focusing on people,
who want games that require ability to succeed, but who do not have time.
They have already published two titles. The company also uses similar products
as a baseline for requirements gathering. They also report of using Lean start-
up and Agile methods. However, while the company demonstrate prototypes to
customers, they do not report of using actively any kinds of MVGs.

Company H builds an educational game, for a mobile platform, targeted
at children aged from 7 to 12. They have not yet published the product. The
company uses benchmarking against published solutions and brainstorming for
creating requirements. The idea is tested with a MVG and target audience. The
company reports prioritising game-play features and using MVGs to verify that
core of the game has been captured successfully.

Company I focuses on development of video game to casual and hardcore
players. The company uses a wide range of techniques to gather ideas and docu-
ment requirements. In addition, they are verified with internal prototyping and
using A/B testing when features can be verified with customers.

3.3 Analysis

There are some observations that should be noted from the case companies.
Firstly, all of the companies reported that they had at least adequate experience
working with similar kinds of products. For example, Company C reported that
all members had worked earlier in different game development projects. Thus
the case selection can be considered consisting of experienced developers and
possible deviations due to inexperienced developers should not be present.

Secondly, only two companies (F and H) reported explicitly that they had
used minimum viable products to test the game mechanisms and flow with the
target audience. In addition, Company E and Company I are using A/B testing
to fine-tune different aspects of a mature product, such as e.g. monetisation.
While A/B testing can be used as part of a MVG, in these cases the testing
seems to be used in a mature product; thus, it seems not be used to guide the
development of the product.

However, several companies reported that they had created prototypes as a
part of their development process, yet those prototypes where used mainly for
in-house testing and testing with “a small group of friends from the industry” as
reported by Company C. Nevertheless, MVGs, as vehicles of gathering validated
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information from the target audience, are infrequently utilised by the sample
companies.

Furthermore, Company C and Company E reported that they had developed
an ‘MVP’, but only for in-house use. Thus, this is more closely related to a in-
house prototype than a product version used to gather validated information
from the target audience. Nevertheless, this emphasises the confounded views
on the concept in the field.

Thirdly, the few companies, that used metrics to measure their products,
reported that they measured the success by revenue and number of downloads.
This is in line with findings by Koskenvoima and Mäntymäki [26] who found that
game start-ups do not use analytics as a source of competitive advantage but
rather a risk management tool. However, it also shows that the case game com-
panies do not heavily rely on the LSU methodology, as the use of using analytic
tools together with MVP are listed as the corner stones of the methodology. In
addition, to fully utilise the potential of MVGs, the companies should measure
and analyse different aspects of customer behaviour.

4 Discussion

4.1 Key Observations

We recapitulate our key observations from the study in the following:

– Review of literature shows that there is a disputed view on the concept of
‘minimum viable product’. On one hand, MVP is used in the literature to
refer to any kind of a prototype. On the other hand, the concept has been
used to refer to a product version used by the target audience in order to
gather validated learning.

– Similarly, in the context of game industry, grey literature often emphasise a
MVP—or a MVG—as the most simplistic version of the game. That is, this
reflects more a technical prototype used in-house to test the game mechanism
than a version offered to the target audience.

– There seems to be lack of discussion of minimum viable games and their
development in the computer game field. However, there is a series of work
devoted to game design [37–39]; yet, the focus is on designer’s perspective
and often omits, e.g., financial aspects.

– There is a lack of work addressing what are the benefits and drawbacks of
using minimum viable games. A majority of the existing work has adapted
a positive approach and the concept as well as implications should also be
critically analysed.

– Developing a minimum viable product to gauge market interest in the product
has been successfully adopted by two out of the nine case companies; however,
a large majority did not use a MVP. We would be interested to explore further
how a concept of MVP could be applied in the gaming domain.
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To summarise the observations, there is surprisingly little done for the defining
and guiding of designing MVGs in the game industry. Furthermore, the empirical
inquiry shows that case companies are not fully utilising MVGs in their game
development.

4.2 Towards a Formation of a Research Agenda

Our key argument is that game development companies and the game indus-
try might benefit from the usage of MVGs for gaining validated learning with
minimum amount of effort. This would allow saving resources from unnecessary
development tasks. Yet, there is little scientific work done; thus, this area offers
clear research gaps and fruitful questions for the researchers. In addition, while
there is a growing interest towards software development practices in software
development companies (c.f. [11,41]), there is hardly any work done on investing
software development practices in start-up game companies.

The game industry’s special characteristics make the field challenging. For
example, video game development can be seen as a cooperation of three differ-
ent viewpoints [14]: design or humanistic perspective, business perspective, and
constructive or software engineering perspective. Therefore, it differs remark-
ably from regular software engineering projects and, for example, favours ‘cow-
boy coders’ more than traditional software engineering projects [31]. It is also
worth to note that a ‘minimum viable game’ needs to intertwine all these three
perspectives together.

First, there are existing literature of game design patterns and best prac-
tices [2], yet testing the game mechanisms with the target audience is an impor-
tant step [39]. As discussed above, the game cannot be too challenging or too
easy, and it should aim to reach the flow experience. In addition, the core game
mechanism should lure players. While the basic game mechanisms can be tested
with, e.g., pen and paper, defining what is needed for a minimum viable game
is much more complex task. For example, should music and audio be included
for evaluating the flow of a MVG?

Second, the game should also be financially viable; it should be able to earn
enough profit to cover its development costs and provide a stable revenue stream
to the development company. During the last years, different kinds of freemium
models have gained popularity among the mobile game developers [18]. In addi-
tion of testing playability, a MVG should also help to address different financial
aspects of the game. For example, is there a market for this kind of a game?

Third, construction perspective involves questions from the software engi-
neering field and research of software start-ups (c.f. [41]). For example, how
to build a MVG efficiently with existing components? However, as discussed
in Sect. 2, even the concept of MVP is still a infrequently addressed theme in
the extant literature and further work is needed for understanding how a MVG
should be efficiently created. Finally, this study calls for the formulation of a
research agenda to address the different facts of minimum viable games as well
as briefly discusses on a few starting point for this work.
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Naturally, this study has some limitations that are worth to note. First,
the overall number of the case study game companies in our sample remained
small. Thus, generalising the empirical results should be done only with a care.
However, the sample includes a wide variety of different kinds of game companies
Second, we used an unstructured literature review to collect existing studies.
Whereas a systematic approach might have produced a larger number of studies,
the used approach already revealed that the number of studies addressing this
domain is small. Therefore, it is not likely that a systematic approach would
remarkably improve the results.

5 Conclusion

This study surveyed extant academic and grey literature on the concept of a
minimum viable product in the game industry, that is minimum viable games.
The results show that the concept is used in various ways from a synonym to
a in-house prototype to a vehicle to test customer hypotheses. In addition, the
results of a case study survey on nine start-ups were used to show that also
new game companies are infrequently using MVGs in their work development
work. Yet, a few companies were successfully utilising MVGs, indicating that the
concept could be useful also for a larger number of companies. Thus, this study
request a research agenda to be formed to further advance this research area.
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Abstract. The recent financial crisis unveiled the major deficiencies and
weaknesses of the Eurozone structure. However, almost 10 years after the
beginning of the crisis, the Eurozone is still dealing with its effects.
The article discusses some of the reasons of the global crises since the 1980s

and focuses on the role of the Credit Rating Agencies (“CRAs”) during the
recent financial crisis. It presents the methodologies that are used in order to
assess country risk, the relevant variables used in their evaluations, the problems
they face and suggests possible ways to improve the process at a European level.
The article is organized in five sections as follows: the concept of country

risk, platforms for assessing country risk, the determinants of country risk, the
reasons behind the recent financial crises and the role of CRAs in the latest
financial crisis.
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1 Introduction

The recent financial crisis was a good lesson on the economic disturbances that a global
crisis can cause, especially for the countries of Eurozone and candidate countries.
Member - states in Eurozone have given away their right to define their monetary
policy and the available options to control their balances are very limited. On the other
hand, they have accumulated experience on how to deal with future financial imbal-
ances, if evaluated correctly and on a timely manner. Debates, discussions and
extensive research have been conducted in an attempt to convince people about the
benefit of an optimum monetary union. However, there is still a long way to shaping a
solid and effective union. The European Monetary Union is by definition an incomplete
optimum area with big loop holes and missing parts. A few countries, especially the
PIIGS (Portugal, Ireland, Italy, Greece, Spain), have paid a heavy penalty for being
members of the European Union, because they failed to comply with the prerequisites
and policies imposed by the corresponding bodies during the membership period or
before (Thalassinos and Stamatopoulos 2015; Thalassinos et al. 2014, 2015). This
study presents views regarding the causes of the recent global financial crises and
suggests initiatives on how to avoid them.
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According to literature, Foreign Direct Investments (FDI) are closely related to
country risk evaluation. Rating companies, namely Standard and Poor’s, Fitch, Moo-
dy’s, as well as specific departments of multinational corporations, are analysing
subjectively the evolution of a country’s risk. Rating grades appear to be important
support-tools in decision-making; however, the provided ratings are used by decision
makers as such, without any critical attitude.

The phenomenon of globalization has improved the understanding of country risk,
and unpredicted recurring crises stress the fact that the assessment processes have
significant shortcomings. Countries like Greece, Portugal, Spain, Cyprus, Ireland, Italy,
which still face economic and social problems, are in a delicate situation for reasons
presented in this article (Allegret et al. 2016; Grima and Caruana 2017).

In this context, this article aims to provide answers to the following questions: Are
the rating organizations really accurate and objective in their ratings? What are the
relevant variables in the analysis of a financial crisis because of a high-country risk?
What are the problem areas and how can they be treated? What is the most appropriate
approach for assessing country risk? The article is organized in four sections as follows.

2 The Concept of Country Risk

According to OECD, country risk encompasses transfer and convertibility risk (i.e. the
risk a government imposes capital or exchange controls that prevent an entity from
converting local currency into foreign currency and/or transferring funds to creditors
located outside the country) and cases of force majeure (e.g. war, expropriation, rev-
olution, civil disturbance, floods, earthquakes).

The country risk classifications are not sovereign risk classifications and should not,
therefore, be compared with the sovereign risk classifications of private credit rating
agencies (CRAs). Conceptually, they are more similar to the “country ceilings” that are
produced by some of the major CRAs.

The concept of country risk is closely related to economic globalization as a process
creating advantages and disadvantages, with the latter generating country risk
according to IMF (2005) and for many years, it was considered an opaque, unpleasant
fact of life better left in the hands of the IMF and the export credit agencies (Bouchet
et al. 2003).

The realisation of “political risk” appeared for the first time in literature in the
1960s. Usher (1965) and Root (1968) were among the first authors to use the term.
Researchers tried to estimate the risk of investing abroad, using the term “investment
climate” (Gabriel 1966; Stobaugh 1969). Notwithstanding, as the next decades dis-
played, the concept of “political stability” in the respective country and how to measure
the phenomenon and what the causal forces are, was shown to be more elaborate than
was first expected and there is a long way to go before a solution is found. Different
approaches on the concept of country risk are shown in Table 1.

There is a dispute between academics and practitioners with regard to the range of
this research domain. In the relevant literature, the terms that are most commonly used
are “country risk” and “political risk”, when it comes to the concept of doing business
abroad. The terms “cross border risk” or “sovereign risk” are used less. The oldest and
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most frequently encountered term in literature is “political risk”. The term “country
risk” appeared in literature later in the 1970s. The new term is primarily a better
description of the state of the economy, focusing on real factors and emphasising the
entire picture. It was used primarily to describe the business environment, and then the
banking sector before it became a general term, especially after the consequences of the
international debt crisis in the 1980s. Desta (1985) commented that financial experts in
international lending institutions choose to use the term “country risk” or “sovereign
risk” instead of “political risk”. The important aspect of this development is the fact
that the political environment is now considered among the factors determining
“sovereign risk”.

What should be taken into consideration in the relevant literature is the fact that
there is a differentiation between risk and uncertainty. When it comes to risk, the result
is improbable, but the likelihood of the results is known or can be estimated. On the
other hand, the term “uncertainty” refers to a status where the odds are unknown.
Investors’ target, by way of this concept, is to decrease uncertainty by becoming
informed about the risk concerning the profits of the value of the firm, whilst always
bearing in mind the variability of the future state of the economy. Consequently, the
concept of country risk indicates the support of the investor, by diminishing the
incertitude and discovering the changeability potential of profits and the worth of the
foreign investment accordingly (Domowitz and Glen 1998).

Country risk has been divided, in the relevant literature, into six main categories.
As defined by Coplin and O’Leavy (1994), country risk is a result of a mixture of risks
oriented from several sources. The sources are economic, financial, transactional,
institutional or political. Accepting that the correlation between the local economy,
together with its political system, the social nature of the economy and the economic
structure of the country and the international community is quite important, significant
conclusions can be drawn regarding the magnitude of country risk. Although the six
types of country risk may not be universally accepted, these notions are inclined to
appear in the risk ratings of most companies. To facilitate this study, a short survey of
these types of risks focusing on the sovereign risk, are presented below.

Table 1. Various approaches of literature on country risk

Terminologies Definition of
risk

Sources of risk Nature of the
investment

Historical
perspective

Methodology

Political risk Performance
variance

Sovereign
interference

Foreign direct
investment

1960s-1970s Qualitative

Country risk Negative
outcome

Environmental
instability

Banking
commercial
loans

1980s Qualitative

Sovereign
risk
Cross-border
risk

Portfolio
investment

1990s

Source Boucher et al. (2003)
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Economic Risk: This type of risk emerges from the possibility of harmful changes in
basic economic policy targets, such as monetary and fiscal, or a change in competitive
advantage of a country, such as decreased resources.

Economic risk tends to coincide with other types of risks, mostly with political risk,
since they both have trade-offs with policy (Coplin and O’Leavy 1994; Caouette et al.
1998 and Saunders and Allen 2002).

Transfer Risk: This type of risk emerges when a foreign government decides to confine
different types of capital investments. Normally, transfer risk is considered as a char-
acteristic of a country’s potential to gain foreign currency, mentioning that in order to
earn foreign currency it is required to follow certain policies, whilst it is a very difficult
task for most of the weak economies in the Eurozone (Coplin and O’Leavy 1994).

Exchange Risk: This type of risk contains an unanticipated alteration in the currency
regime. Numerous quantitative measures are used to recognise transfer risk and also
recognise exchange rate risk, especially when some of the imbalances could be reduced
by the devaluation of the currency. This could lead to increasing transfer risk. More-
over, an isolated exchange risk could be assisted by a country’s rate of exchange
policy. As soon as the policy makers in the respective country try to control the
currency system regime in a narrow trading range, it is inclined to realise a higher risk
than fixed by the currency board systems regime. In case of a flexible exchange rate
regime in a currency’s value, it is allowed to fluctuate according to foreign exchange
market conditions, whilst they generally support the lowest risk of generating an
unexpected opposite exchange rate movement (Coplin and O’Leavy 1994 and Borio
and Parker 2004).

Location or Neighbourhood Risk: This type of risk issue, in a geographic area, in a
country’s ally or in countries with common traits, causes spill-over effects.

Each country’s geographic position is strategic and offers the simplest way to
measure the location risk. Location could be specified by a country’s international
partners, global trading alliances (NAFTA, EU, etc.), the size of the economy, and the
boundaries, as well as the interval by financially or politically significant countries or
regions (Coplin and O’Leavy 1994 and Saunders and Allen 2002).

Political Risk: The origin of the concept of political risk is noteworthy. Significant
changes in political institutions stem either from deviations in government controls,
social structures or other non-economic factors. The capacity for conflicts, either
internal or external, expropriation risk and original political analysis could be included.
As far as risk estimation is concerned, many factors should be co-calculated, such as
the relationships of various groups in a country, the method for drawing conclusions,
the decision-making procedure by government agents as well as the credit-default
history of the country (Coplin and O’Leavy 1994).

Sovereign Risk: Over the past few years, there have been quite a few cases of gov-
ernments preparing to meet their loan obligations or back down on loans they vouched
for. Sovereign risk could be related to transfer risk since a government may lack
foreign exchange, as a result of unfortunate developments in its current account bal-
ances. The sovereign risk is so well-related to political risk that a government may
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decide not to fulfil its commitments, mainly for political reasons. In the relevant lit-
erature, the concept of sovereign risk is described as a separate type, as long as a private
lender is confronted with a unique risk in dealing, such as the current financial crisis,
and cannot claim a reimbursement from the foreign government unless they have its
authorisation (see: Coplin and O’Leavy 1994; Caouette et al. 1998; Saunders and Allen
2002; Borio and Parker 2004 and Scholtens et al. 2004).

A country risk approach depends on the type of state considered or on the nature of
the considered agent (Kold 2011). It should be noted that there is difference between
sovereign and country risk. In general, the rating assigned by the analysts to the
sovereign risk coincides with the maximum score of state (sovereign ceiling); no local
agent does receive a rating higher than that of the sovereign risk. According to some
researchers this is not always the right approach. As Meunier and Sollogoub (2005)
highlight, during the Russian crisis, Gazprom continued to credit its own debt while the
Russian Federation has suspended the payments.

Recent papers have presented new approaches to the country risk concept, and the
number of entities that deal with its analysis has increased significantly. Other studies
in the last decade (Arteta 2008; Reihart 2009; Giordano 2009) have developed new
perspectives according to which risk can be contemplated as the perspective of the
economic participants reached by risk creditors. banks, investors (financial or industrial
risk), exporters (commercial risk).

3 Assessing Country Risk

Institutions that carry out country risk assessment except for the aforementioned CRAs
are insurance companies (e.g. COFACE – Compagnie Française d’Assurance pour le
Commerce Extérieur); consulting firms (North South Export in France, Business
Environment Risk Intelligence); financial publications (Institutional Investor, Euro
money Publications) and Banks.

CRAs are well known worldwide and monitor more than 95% of the government
securities market. Their evaluations rank the states in terms of loans and bonds issued.
Four major classes of risk are defined (A, B, C, D), for Standard & Poor’s and
Moody’s, in descending order (from the lowest level of risk, when the country can
repay both debt and interest, to the most unfortunate situation). Each class has two
more sub-classes (AA, AAA) and two nuance indicators are used, “ + ” and “−”. They
point perspectives, the possible development of a note and are the first to change.

The weighting of the different determinants and the evaluation methodology are
unknown to the public. Criteria and factors are divided into two categories; quantitative
factors (objective criteria) and qualitative factors (subjective criteria).

The assessment of country risk could be used as a tool in decision making regarding
FDI, commercial bank loans for the private and the public sector, portfolio investments
and exporting.

However, a strategic investment decision should not be based only the assessment of
country risk, but should be linked to the international situation, risk aversion, the

236 E. Thalassinos and Y. Thalassinos



perception of uncertainty, the host state characteristics (social and economic situation,
labour costs and its qualification), market attractiveness, and the institutional framework.

The determinants of country risk can vary in terms of intensity and duration and it is
almost impossible to control within the micro and macro environment (Thalassinos et al.
2015; Duguleana and Duguleana 2016; Boldeanu and Tache 2016). A number developed
countries are constantly monitoring specific benchmarks and financial performance
metrics in an effort to identify warnings in cases of unforeseen negative developments.

4 The Determinants of Country Risk

Currently there are several models of analysis of risk country; the most known are those
proposed by BERI (Business Environmental Risk Intelligence), by the U.S. rating
agencies (Standard & Poor’s, Moody’s, Fitch IBCA, Duff & Phelps) and by The
Economist and Euromoney magazine.

The most common determinants included in these models are the following: `

Political environment: form of government, democratic participation, quality of
succession power, the consensus of economic policy objectives, degree of integration
in international economic exchanges, security and defense capacity of the country

Level of public debt: public financial assets, indebtedness of the State, State com-
mitment regarding pension

Pricing: Inflation level, average economic interest rate, exchange policy, level of
independence of central bank

Economic structure of incomes: standard of living, income levels and access to health
services, existence of market economy, access to resources and their diversity

Flexibility balance of payments: impact of monetary/fiscal policy on national
accounts, structure of current account, structure of capital flows

Prospects for economic growth: savings/investment project, rate/structure of eco-
nomic growth

Fiscal flexibility: main budgetary constraints, fiscal policy discretion, pressure on
public spending

External debt/liquidity level: currency composition of external debt, importance of
banking system, history and payment incidents of extern service

In many cases, country risk problems begin with the deterioration of the funda-
mental economic and political structure of a state. Warning signals such as excessive
debt or declining reserves should be regarded as symptoms of an increased risk. We
consider that the analysis of fundamentals is very useful in activities such: identifying
the vulnerabilities, finding the origins of problems, assessing difficulties (short-term
ones or long-term ones), etc.
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5 Recent Crises

It is almost impossible nowadays, to shield a national economy that operates as part of
a globalized world. Any protection mechanism should be designed based on the
specific characteristics of each country, however this is not possible due to constraints
and obligations associated with supra-international authorities, institutions and orga-
nizations regulating the world economy through rules, directives and frameworks that
although they were established in a different era are of great importance today.

Several crises of different magnitude have affected the world economy one way or
the other over the last few decades. Most of these crises had spread around hitting the
weak economies harder than the strong ones. Crises due to nationalization, political
reasons, financial failures, sovereign crises, oil or real estate shocks just to mention few
of them.

During the Latin American debt crisis of the 1980s - a period often referred to as
the “lost decade” - many Latin American countries became unable to service their
foreign debt. The Federal Reserve and other international institutions responded to the
crisis with a number of actions that ultimately helped alleviate the situation, albeit with
some unintended consequences.

Unlike the debt crisis in Latin America, the debt crisis in East Asia in 1997,
stemmed from inappropriate borrowing by the private sector. Due to high rates of
economic growth and a booming economy, private firms and corporations looked to
finance speculative investment projects. However, firms overstretched themselves and a
combination of factors caused a depreciation in the exchange rate as they struggled to
meet the payments.

The Russian Crisis of 1998 was really an extension of the Asian Crisis. The
combination of declining economic output, falling oil prices, enormous budget deficits,
and a currency pegged to the rising US dollar overwhelmed the fledgling Russian
government. To maintain its peg to the dollar, Russia used its foreign exchange
reserves to buy rubles. But as the country gradually depleted its foreign exchange
reserves, it became clear that Russia would soon run out of reserves. At that point, the
Russian government would no longer be able to maintain the ruble’s peg to the US
dollar. Upon exhausting its reserves, Russia defaulted on its debt and revalued the ruble
on foreign exchange markets.

Some examples of more recent crises are the cases of Greece - a public debt crisis,
Venezuela - a political crisis, Turkey - a nationalization crisis and Bulgaria - a cor-
ruption crisis and more.

The multiplication and diversification process concern not only the country risk, but
the economic risks. The liquidity crisis recorded in the financial markets led to easy
propagation and to the sovereign debt crisis in 2010. Globalization and economic
liberalization or too much regulation versus regional integration had led to economic
inter-dependence.

The openness of the modern countries, where the national dimension is not the
main component of the country risk anymore, has made countries more vulnerable to
spill over effects of financial crises from other countries. Substantial financial
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liberalization and deregulation, financial innovation, multiplication and expansion of
flows and financial products can lead to speculation.

In addition to the above other concerns are:

✓ Extended supply chains – increased vulnerability (“domino effect”)
✓ Rising and volatile prices (oil, gas)/sovereign debt problem
✓ Asset prices collapse/geopolitical risks (Iran, Iraq)
✓ Environmental risks/terrorism/new risks/IT risks.
✓ Loss of autonomy and increased competition between states result to increased
pressure from multinational corporations
✓ Attempt to give to supranational institutions greater importance than usual
✓ Existence of multiple agreements between international institutions
✓ Importance of regional trade blocks (over 65% of world trade)
✓ Network operating enterprises in addition to cultural homogenization vs
nationalism

6 The Impact of Financial Crises on E-Commerce

As it is pointed out in the work of Ghadami et al. (2010) the recent financial crisis has
affected online banking retail business (or B2C e-Commerce) in a negative way. The
effect of the crisis can be observed within three different areas of the economy. More
specifically, there is less credit available within the economy, which reduces the e-
commerce spending and people prefer to save and reduce their expenditures. This
behavior leads to falling consumer confidence and sentiment.

Less credit available: Financial crises are characterized by a shortage in capital funds
due to rising uncertainties regarding loans, risks and inbalances in the banking sector.
Low credit ratings by CRAs direct capital away from credits including the e-commerce.
Therefore, the conclusion by Ghadami et al. (2010) regarding credit is valid.

Increase in saving rates: Limited credit creates conditions for an increase in saving
rate since capital is going to save settlements during a financial crisis

Decline in consumption and falling consumer confidence and sentiment: The above
affects negatively consumer confidence and spending

In the work by Heng (2001) the new banking environment is described as an
alternative to transform banking and financial systems. E-Commerce provides a busi-
ness opportunity for banks to offer innovative products however their attitude to pro-
ceed in such activities is positively related to their financial health. During financial
crises these opportunities are eliminated and in some cases evaporated because of
limited confidence among traders.
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7 The Role of Cras in the Recent Crisis

Despite readability, rapidity, a recognized degree of simplicity and other advantages, a
rating system is not free of a number of subjective elements. However, rating agencies
do not provide insights regarding the methodology followed in order to reach to their
conclusions. Rating models are not sufficiently explained and scoring systems do not
always converge.

The rating agencies have never been far from controversy: at the turn of the
millennium they came under fire for giving Enron a clean bill of health right up until
the company collapsed in 2001. More recently, they have been subject to criticism in
the wake of large losses, beginning in 2007 in the collateralized debt obligation market,
that occurred despite products being assigned top ratings. In the US, a Senate report
said the agencies deserve some of the blame for the recent financial meltdown.
According to the report, the agencies helped banks disguise the risks of the investments
they marketed, selling high risk securities with low risk labels

The October 2016 the European Parliament issued a briefing on role of CRAs in the
recent crisis. It identifies a marked difference between the recent crises in the USA and
the EU. Whilst in the USA the main focus was on the financial crisis, the EU faced both
a financial crisis and a sovereign debt crisis, which were interlinked. The sovereign
debt crisis was not confined to the euro area, as none of the first three EU countries
affected were using the euro. There is evidence that agencies tend to be lax before a
bubble is about to burst, only to become very severe once markets head down. Many
say that the ratings of a number of private and public financial products were too high
before the crises, and that the CRAs did not sense any crisis coming. Furthermore, with
respect to the European sovereign debt crisis, it has been noted that the agencies did not
see or take into account the imbalances in public finances as well as problems with the
lack of sustainability of growth models. However, most analysts outside the agencies
did not sense the problems either. In the USA, privatesector mortgage-backed securities
had been rated in a very favorable manner, contributing to the real-estate bubble and
fueling the securitization process. This is one specific area where over-optimistic rat-
ings were a contributory factor to the financial crisis, and where inevitable downgrades
accelerated the crisis.

With regard to the European sovereign debt crisis, for many years prior to the crisis
the rating agencies did not sufficiently discriminate between sovereigns with divergent
levels of accumulated debt. Once that crisis hit, there was a very fast adaptation, with a
quick and brutal lowering of ratings. This could be observed very clearly in the
peripheral euro- area economies, which enjoyed a rating privilege prior to the financial
crisis, which then turned into a penalty as the crisis unfolded. There is controversy
about how appropriate the ratings of sovereigns were after that adaptation. Some say
that the ratings ended up being too low, thus magnifying the impact of the crises, whilst
others estimate that, even after the adaptation, they were still more favorable than they
should have been. Over-optimistic rates would have been the consequence of the ex-
post bias, as well as prevalent conflicts of interest, whereby CRAs would still have
been incentivized to over-rate financial products which, de facto, already were junk
bonds, or in the process of becoming precisely that. The successive downgrading of
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Greece’s rates was a factor in the rise of the spreads of long-term government bond
yields relative to the German Bund, and contagion to other Member States with less
than solid fiscal fundamentals ensued. Euro-area countries like EPRS.

In the case of Greece, although the existence of a set of macroeconomic negative
issues should not be denied, it should be pointed out that rating agencies reacted slowly
at the beginning, and then brutally and abruptly downgraded the economy to junk
status. The same did not happen during the crisis in Asia in 1997; then, the lack of well-
drawn warnings (such as evolution of budget deficit, elevated foreign debt, slow capital
formation, etc.), allowed the local economies to maintain high ratings. In addition,
another parameter that should be considered is whether a country is market friendly or
not. Greece has proved over the years that it is a “market friendly” country, whose good
faith to international creditors cannot be put in doubt.

Regarding the activity of the rating agencies, some critical remarks can be made
based on recent experience:

✓ they did not take into full account the fundamentals of the Greek economy and
the measures taken by the EU (the consistent rescue package);
✓ they are too critical with countries, which can often negatively influence markets,
and less critical with some dangerous financial products;
✓ there is maximum concurrence in their market (3 agencies represent more than
97% of the business);
✓ the opacity of the rating process and the level of objectivity sometimes is
questionable;
✓ the ratings can have a pro-cyclical effect (late and too strong reactions from the
agencies) – which can encourage speculation. The pro-cyclical effect is due to the
chain of events of this type: downgrade – speculative pressure – deterioration of
loan terms – higher interest rates - lower investment interest;
✓ The threat of imitation and use, without a critical analysis of the assessments
made by rating agencies. Often, economic participants use the informational content
of the rating and integrate its results, which are considered extremely reliable, in
operations and decisions on various global markets. Sometimes, their bad influence
may itself lead to pricing dislocations and can affect the behaviour of economic
participants.

8 Conclusions

It became clear during the recent crisis that an over-reliance on external ratings –

especially those from the CRAs – had the effect of pushing market participants to use
mainly external ratings, and similarly to reduce investors’ incentives to create their own
assessment capacity. Together, these factors resulted in a mechanistic use of external
ratings. In the recent crisis, market participants all reacted in a synchronized manner to
downgrades, precipitating pro-cyclical effects.

As it was discussed above, following the subprime crisis and the sovereign debt
crisis, rating agencies lag behind markets in their judgment. Their business model is
flawed as they face major conflicts of interest and are very opaque in their
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methodologies. Also, the oligopolistic structure of the ratings market provides the three
large CRAs with a very strong position in affecting investment decisions and market
sentiment.

Several policy options to change the ratings industry have been put forward,
including a network of small agencies, a European Rating Agency, or even the dele-
gation of sovereign rating to the ECB. The first option is least preferred, because of the
entry costs, coordination problems and the lack of economies of scale. The delegation
of sovereign rating to the ECB would in principle be possible, but not preferable as it
leads to a conflict of interest within the ECB. That leaves only the option of a European
Rating Agency as a way to improve rating quality and transparency. However, it also
requires high investment costs and time for reputation building

To avoid future financial crises, it is important to take measures to stabilize the
economy by implementing sustainable macro-economic policies, to reform the supply
side of the economy by improving its structure, to make extra imports due to borrowing
only with productive uses (borrowing should simply generate eventually more money),
to prevent any form of waste, to reduce the oversized state apparatus, to avoid
important policy changes threatening domestic demand, to support consumption
expenditures, to improve the effectiveness of the economy to reduce the size of the
public sector tax system and to establish a stable political system.
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Abstract. A market which provides an innovative way to allow customers to
interact with each other called Customer-to-customer (C2C) market. In C2C
communications, online communities play an important role in decision making
to buy a product. This investigation develops a research model for online
communities of Facebook commerce (F-Commerce) in Bangladesh region,
which is based on Information Adoption Model (IAM). This study exhibits a
model to influences of C2C communication on Bangladeshi consumers’ pur-
chase decision in the online communities of F-Commerce. The proposed model
used the Partial Least Squares (PLS) technique to test 120 effective survey data.
This survey data has been taken from the Bangladesh Facebook users and
strongly involved in product buy-sell at F-Commerce. The analyzed results
show that Argument Quality (AQ), Source Credibility (SC) and Tie Strength
(TS) positively influence Purchase Decision (PD) through Product Usefulness
Evaluation (PUE). In addition, Tie Strength exhibits difference effect on Product
Usefulness Evaluation between the contexts of consumers communicating with
virtual consumers relationships. Theoretical and executive implications are
discussed for constructing our proposed model.

Keywords: Social media � Facebook commerce
Consumer to consumer (C2C)

1 Introduction

At present people are getting easier to communicate with each other by the computer-
mediated communication (CMC) technologies called social media [1]. Due to the
growing amount web traffic, the social network sites (SNS) such as Facebook,
Friendster, CyWorld and MySpace are the crucial web applications to access the
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various visitors in rapid time now a day. Under the statistics collected by Alexa, which
is a web traffic data analytics company, Facebook obtained the third rank of the most
viewed websites in 2018 after Google and YouTube [2]. With the benefit of friend
recommendations, widespread sharing and dynamic responses, Facebook become one
of the most powerful tools for today’s’ social networking based e-commerce. Facebook
commerce (F-commerce) prescribes to the purchase and selling of products through
Facebook [3]. Furthermore, Facebook announced unique features within the site. To
illustrate, the famous “like” button, rapid “share”, easy “tag”, dynamic “comment” and
“friend” relationships. These features could positively affect the customers’ purchase
intention by obtaining more confident after friend recommendation. Social Networking
Services (SNSs) consent the people and online sellers to engage in consumer-to-
consumer social commerce (C2C s-commerce) [4–6]. Nowadays, Facebook users are
cumulatively using the Facebook website to conduct the trade operations, by posting
advertisements and buying or selling products from each other. This type of conception
is called a Facebook C2C social commerce [7].

In Bangladesh the popularities of F-commerce are increasing, almost two thousands
of Facebook pages are available [8–10]. These survey flourished manuscript has
developed based on 5attributes (See Table 1). There are Argument Quality (AQ) [11],
Tie Strength (TS) [12], Source Credibility (SC) [13], Product Usefulness Evaluation
(PUE) [14] and Purchase Decision (PD) [15]. We have utilized these attributes because
these attributes are very helpful and mostly used for finding the information quality in
e-commerce. The literature review section has been demonstrated the importance of
these five attributes. Our exploration develops a research model to investigate the
influence of Facebook C2C communication on consumers’ purchase decision. It also
compares the differences between real and virtual relationship environments to better
understand consumers’ purchase decision in Facebook. This model has revealed which
is based on the Information Adoption Model (IAM). IAM is a relatively new, effective
and practical approach [16, 17]. Our findings can provide the better understanding of
the role of C2C communication in Facebook communities for consumer behavior
research in Bangladeshi domain.

Table 1. Five utilized attributes and their abbreviations.

Attributes Abbreviation

Argument quality AQ
Tie strength TS
Source credibility SC
Product usefulness evaluation PUE
Purchase decision PD
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2 Literature Review

A recent study proposed a model which based on the Information Adoption Model
(IAM) [18]. The results of this research have shown that AQ, SC, and TS positively
influence the purchase decision, where used Partial Least Squares (PLS) technique [19,
20]. We applied this research model in Bangladeshi domain and shown more specific
consumers behavior analysis in F-commerce.

Another study analyzed 297 effective data for understanding the influences of
system quality, information quality, and service quality for a website to satisfy their
consumers [21]. The results of the conception to evaluate the trustworthiness of online
sellers showed that people are the key factors that make consumers trust towards online
sellers [22]. The social media survey of consumer has shown that trust is more use-
fulness to make the intention of consumers to purchase through social networking sites
[23].

An investigation managed to the effects of F-commerce browsing and usage
intensity in predicting urge to purchase and impulse purchase behavior among the
consumers [24]. An approach used 180 data that directly investigate and evaluate the
success of e-commerce for any small and medium-sized companies [25]. E-commerce
service based another research have measured the requirements feasibility for B2C
environment [26].

A social learning theory has developed to examine customers’ learning behaviors
[27]. A decision support model which has exhibited to manage the buyer risk and
improves the quality of supplier development [28]. A theory evaluates using 307
effective data and reveals that cognitive and relational capital positively affects buyers’
loyalty [29]. One team researchers established a casual model to investigate review
quality effect on product and purchase intention [30]. In this study, using 349 exper-
imental data that proved demographically similar reviewers enhanced the effect of
review quality.

In the above literature review, we observe that most of the research work focused
on information quality which makes an intention for the consumer to purchase a
product. We have divided the C2C information quality [31] of F-commerce into AQ,
TS, SC, PUE and PD sections.

3 Research Model and Hypothesis Development

The intention of a consumer to purchase a product depends on information quality
shown by the information adoption model [32, 33]. C2C communication refers to the
transfer of the variety of information from one customer to another customer in a way
that has the potential to change their preferences, actual purchase behavior, or the way
they further interact with others [34]. In line with the information adoption model, the
present study proposes that PUE (Product Usefulness Evaluation) has a positive
influence on the PD (Purchase Decision) of consumers. Hypothesis 1 is shown as
follows:
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H1: PUE is positively associated with PD in F-commerce for Bangladesh domain.

According to the dual action models user decision making depends on persuasive
information [35]. In accordance with information adoption model, the AQ (Argument
Quality) data [11] is a momentous middle sign which exerts an essential influence on
information. The Bangladeshi consumers are always eager to know about the product
which is suitable for their personal usage [36]. So that, in the online marking, the
information quality and consultation of related products is highly appreciated. In the
context of AQ information is very meaningful because this makes a clear consciousness
about the selected product. Hypothesis 2 is shown as follows:

H2: AQ is positively related to PUE in the Bangladesh region.

Another models user decision making depends on persuasive information [37]. The
most common feature of C2C communication is the consumers easily get the advice
from other consumers. Based on this shared knowledge the consumer can easily make a
judgment which helps those to make the future prediction about consumer’s behaviors
[38]. The judgment provides a cue that SC (Source Credibility) is very important to
judge product usefulness evaluation (PUE). According to information adoption model,
the SC of informational data is a potential peripheral cue which exerts a significant
impact on information usefulness. Hypothesis 3 is shown as follows:

H3: SC is positively related to PUE.

Hence, in line with the information adoption model, the present study proposes that
SC has a positive impact on the PUE. Members can communicate with others without
time and space limitation in online communities [39]. Product messages come from
stronger ties may more effective for consumers with a shopping demand to judge the
usefulness of a product involved in C2C communications. The TS (Tie Strength) exerts
an impact on the effectiveness of word-of-mouth communications in the online context
[40]. The individual-level tie strength is an important antecedent of PD in online peer
communications [41]. The present study proposes that TS has a positive impact on the
PUE at Facebook communications in Bangladesh. Hypothesis 4 is shown as follows:

H4: TS is positively related to PUE.

In the online community contexts, consumers can choose to mainly communicate
with real or virtual relationships by participating in different communities [42]. A study
pointed out social ties play a different role in consumer decision making in different
communication contexts [43]. The strong ties information are more influential in
consumer decision making than that from weak ties in the context of offline word of
mouth (WOM) communications or C2C interaction [44].

Hypothesis process and proposed research model has been displayed in Fig. 1. H2,
H2, H3 hypothesis are connected with H1 where Product Usefulness Evaluation
(PUE) is connected with PD for purchasing product in Facebook market place.
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4 Methods

4.1 Data Collection and Measurement

A survey was utilized to examine the impact of C2C communication on customer
purchase choice. In this research, we did 120 surveys among the Bangladeshi Facebook
users who are university students [45]. These survey data has been taken from the
Bangladesh Facebook users and strongly involved in product buy-sell at F-Commerce.
The analysis of surveys is based on PLS (Partial least squares), where we have used
SmartPLS3.0 software [46]. The questionnaire survey consists of five attributes, which
are AQ, TS, SC, PUE and PD (See Table 1.). These attributes are focused on purchase
decision making to measure the constructs of our research model. Likert scale approach
[47] have used for ranging from “1 = strongly disagree” to “7 = strongly agree”, that
presented with the set of attributes to measure the theoretical concepts. Following the
recommended two-stage analytical procedures [48], we tested the measurement model
(validity and reliability of the measures) followed by an examination of the structural
model (testing the hypothesized relationship). To test the significance of the path
coefficients (p) and the loadings a bootstrapping method was used [49].

5 Sample Profile

The demographic information of the respondents tabulated in Table 2, where derived
from the descriptive analysis [50]. The majority of the age group (43.3%) was in the
category of 22–25 years old. Most of the respondents were Male which is 76.7% and
the frequency of the females is 23.3%. Most of the people are directly or indirectly
connected to the internet as well as Facebook. In Table 1, we have analyzed our survey
based on gender. Moreover, we separate the males and females and found that the male
percentage is 23.3% and the female percentage is 76.7% (Table 3).

Fig. 1. Our research model.
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6 Result and Data Analysis

6.1 Model Measurement

To assess the measurement model, two types of validity will be examined, first the
convergent validity and then the discriminant validity [51]. The convergent validity of
the measurement is usually ascertained by examining the loadings, average variance
extracted and also the composite reliability [52]. The composite reliabilities were all
higher than 0.7 and the AVE (Average Variance Extracted) was also higher than 0.5 as
suggested in the literature (see Table 4). The discriminant validity of the measures (the
degree to which items differentiate among constructs or measure distinct concepts) was
examined by following criterion of comparing the correlations between constructs and
the square root of the average variance extracted for that construct (see Table 5). All
the values on the diagonals were greater than the corresponding row and column values
indicating the measures were discriminant.

Table 2. Demographic information of different genders.

Gender Frequency Percent Valid percent Cumulative percent

Female 28 23.3 23.3 23.3
Male 92 76.7 76.7 100.0
Total 120 100.0 100.0 123.3

Table 3. Demographic information of several ages.

Age Frequency Percent Valid
percent

Cumulative
percent

18–21 44 36.7 37.0 37.0
22–25 52 43.3 43.7 80.7
26–30 16 13.3 13.4 94.1
30+ 7 5.8 5.9 100.0
Total 119 99.2 100.0
Missing system 1 0.8
Total 120 100.0

Table 4. Convergent validity

Attributes Composite reliability Average variance
extracted (AVE)

AQ 0.737 0.584
PD 0.801 0.674
PUE 0.826 0.543
SC 0.857 0.749
TS 0.762 0.517
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6.2 Structural Model

To assess the structural model (Structural equation modeling) [53] suggested looking at
the path coefficients(p), effect sizes (f2), beta (b) and the corresponding t-statistic [54]
via a bootstrapping procedure with a resample of various data or information. They also
suggested that in addition to these basic measures researchers should also report the
effect sizes (f2) [55].

The outcomes of structural model test display that the path coefficients (p) are
statistically significant (p < 0.01), barring for the coefficients of control attributes to
PD. The f2 of PD is 0.215, and the f2 of PUE is 0.235 (Table 6).

Our investigation shows that PUE (b = 0.201, p < 0.01) is a potential predictor of
PD. As we hypothesized that PUE would positively effect on PD, hypothesis H1 is
susceptible. The AQ (b = −0.152, p < 0.01), SC (b = 0.319, p < 0.01), and TS
(b = 0.307, p < 0.01) are predictors of PUE. As we hypothesized that AQ, SC, and TS
would positively affect PUE; hypotheses H2, H3, and H4 are adopted (Table 7).

Table 5. Discriminant validity

Attributes AQ PD PU SC TS

AQ 0.764
PD 0.299 0.821
PUE 0.294 0.436 0.737
SC 0.299 0.193 0.528 0.866
TS 0.326 0.324 0.518 0.503 0.719

Table 6. Structural model result

Hypothesis Attributes Original sample
(O)

Sample mean
(M)

Standard deviation
(STDEV)

T-statistics
(|O/STDEV|)

P
values

Status

H1 AQ > PUE 0.087 0.100 0.077 1.141 0.254 Not supported

H2 PUE> PD 0.436 0.446 0.080 5.440 0.000 Supported

H3 SC > PUE 0.342 0.348 0.093 3.661 0.000 Supported

H4 TS > PUE 0.318 0.327 0.086 3.698 0.000 Supported

Table 7. Effect size of calculation result

Attributes Effect size Remark

AQ 0.011 No
PUE 0.235 Large
SC 0.135 Small
TS 0.115 Small
PD 0.215 Large
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7 Discussion

The research goal of this study was to investigate the role of information quality in
increasing purchase intention in F-commerce for Bangladesh aspects. The significant
impact of perceived reciprocal benefit on knowledge share indicates consumer will
share knowledge based on their expectation of future benefit. If the consumer feels that
sharing their knowledge in Facebook will be acknowledged by the consumers who sell
their product, then the consumers might have a good impression on that their expected
consumers. Hence PUE has a positive effect on the PD of consumers. Our second
hypothesis H2 implies that if consumers enjoy being on the social network or if they
enjoy helping other consumers then they are motivated to post knowledge related data
on Facebook. We identified the objectives that increase the PD of F-commerce. AQ,
TS, SC, PUE has a positive impact on consumers’ actions.

8 Conclusion and Future Work

With the integrated model of our own concept for the role of information quality in F-
commerce for Bangladesh region, we proposed a theory for making a prediction on F-
commerce purchase decision-making approach. First, we tested the relationship
between product usefulness evaluation and purchase decision making. After that, we
tested the relationships of AQ, SC, TS and PUE with the dependent variable purchase
decision (PD). Overall, these three arguments are found strong predictors of consumer
purchase decision making. Although the findings provide meaningful implications,
future studies should address several limitations. First, AQ, SC, and TS may not fully
reflect the overall central and peripheral cues. Further study could add other cues.
Second, the present study found that age and gender are not significant control vari-
ables of the purchase decision. The future study will be conducted on more features for
better understanding by integrating the predictors of techno stress [56], perceived
enjoyment of purchasing online [57] and security issues [58].
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Abstract. Technology is turning into an augmentation of our memory and an
invisible assistant in our daily lives. These issues arise many challenges but also
opportunities for researchers, developers and even, final users. In this paper we
present an example of this revolution, through an example of an Internet of
Things (IoT) based smart shoe cabinet. Besides the assistance provided for
different collectives with special needs, this prototype represent the new
opportunities on data management and consumer profiling that these technolo-
gies already provide.

Keywords: IoT � Recommender system � Ubiquitous Computing
Assistive technologies � Human–computer interaction

1 Introduction

The Ubiquitous Computing term was coined by Mark Weiser in 1991 [25]. From that
moment on, many problems and opportunities have arisen from that vision of a world
rich in information and interaction. Ambient intelligence environments (also called
smart environments) are one of the fields where Ubiquitous Computing can be natu-
rally applied. We can define an active environment as a space limited by physical
barriers, which is capable to sense and interact with its inhabitants.

These environments range from smart rooms to smart cities [3] and are equipped
with different technologies. In the recent years, the society has experience an immer-
sion on these technologies, under the umbrella term of Internet Of the Things
(IoT) [13]. The arise of IoT came together with the corresponding use of massive data
and analysis for different purposes, such as health [14], education [11], urban design
[22] or business [10].

In parallel to the emerge of IoT, data–driven business models [7] arose as a result of
the increasing number of data sources, such as social networks or mobile and wearable
devices. New services, and their success, relies on deep data analysis of consumers’
preferences and habits. Many of the most popular online commerce portals record user
interaction, ask the user directly and rely on users’ comments and valuations to
improve their marketing campaigns, product recommendations and cross selling [9].

These examples suggest a direct relation and trend on distributed sensoring and
customised services (for example, in health or business opportunities). The more
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information and more accurate data we have from the users, the more customised
services and products we can offer to them.

In this paper we present an example of IoT device to address these different
objectives. Particularly, we designed and developed a prototype of an IoT–based shoe
cabinet that provides a smart service to help users choose the most appropriate shoes in
order to: first, help users in their daily lives basic activities. Second, track users health
by means of direct monitoring of their selection and use of different shoes and finally,
provide an example of a service for brands to understand and measure users habits,
preferences and narrow their targets.

Moreover, these systems, such as smart assistants, are conceived as assistive
technologies for people with disabilities in many occasions. For example, dress
selection relies on social conventions but, for some collectives, these conventions are
not clear and then need support to choose appropriate clothes regarding the occasion.
Although it may seem as a trivial task, they are usually trained on them at home but
also in education centres, due to the relation of social skills and inclusion. Particularly,
this is very important for job training. Being active in the job market and economically
independent are key for autonomy [23].

Therefore, there seems to be a fruitful niche in which different collectives may
benefit: people with or without disabilities, but also clothing companies, through the
study of the data collected. As an example, in this paper we present a smart shoe
cabinet that recommend (and register) the most appropriate pair of shoes to the user,
regarding different variables.

This paper is organised as follows: in Sect. 2 we review the current state of the art
and the related technologies. After that, in Sect. 3 we present the design and devel-
opment process of the system. Finally, in Sect. 4 we discuss the possibilities that this
type of system offer and future implications.

2 Related Work

Do-It-Yourself (DIY) approaches and IoT solutions are becoming popular. Probe of
that is the market that arose among these technologies [18]. However, there is still a
limited number of studies addressing the challenges and opportunities from different
perspectives and for different collectives.

If we focus on smart dress systems, many of the solutions in the market are limited
in terms of the technologies involved but also the target population addressed. For
example, there are multiple applications for smartphones, such as “I style my self” [1],
which allows the user to register her clothes and tag them (colour, occasion, prefer-
ence). Based on this information, the system provides different outfits to inspire the
user. Or “Whatoweather” [2], which provides outfit inspiration based on the weather at
the user’s location and current trends. However, it does not take into consideration the
available clothes of the user. In contrast, “Stylebook” [4] allows users to register their
clothes, but the recommendations are based on previous selections and trends. It also
includes a calendar to plan the outfit. Another example was presented in [17]. This
system uses advanced computer vision techniques to detect colours and Analytic
Hierarchy Process (AHP) to provide intelligent recommendations. Finally,
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“MyDressRecommender” [19] is a smartphone application that registers user’s clothes
and provides recommendations based on them, the weather and the agenda of the user.
It was initially designed to help people with cognitive disabilities.

Although the number of smart wardrobes reported in the literature is limited, we
can find interesting projects, such as HBar [24], a combination of smart garments and
hangers that aim to make the management and maintenance of a smart wardrobe easier.
The work provides a great view of the challenges around the topic, such as costs and
reliability. These two factors seem to be the most decisive issues to address when
developing IoT systems.

Finally, one recent contribution is an assistive technology solution to help people
with dementia, presented in [6]. This system helps the user to pick the clothes and
guides her to put them on properly. To do that, a special cabinet equipped with different
sensors, a Kinect camera and an iPad was designed and developed. Besides, thanks to
the use of visual marks, the system can check and help in the dressing process, as it is
able to track the user and the clothes.

3 An IoT–Based Smart Shoe Cabinet

Shoe selection is influenced by different factors, such as the weather, the activities that
will take place during the day (and the social conventions around it) and personal
preferences. In order to facilitate users to make the decision, we designed and devel-
oped a prototype of a smart shoe cabinet. Following the idea of the “Ambient
Umbrella” [20], that provides visual–light feedback in case of rain, we augmented a
regular shoe cabinet by including sensors and actuators, as well as a recommender
system. The experience is based on subtle interaction [12] and DIY technologies.

3.1 System Architecture

The system is modular and easily expandable. It is based on a client–server architecture
and communication with third party services. A sketch of the architecture is included in
Fig. 1. The server is unique in the system, while clients can be a varied number of shoe
boxes that are organised in show cabinets.

All the modules communicate over a regular WiFi network, so no extra infras-
tructure nor wiring is needed, rather than the power cord.

1. Server: it is the main component of the system. It has different modules in order to
address the different tasks, including the management tool, the recommendation
engine, connection to third party services and communication with the shoe boxes.

2. Shoe cabinet: understood as a piece of furniture to store shoes. It is composed of
one or more shoe boxes. This logic level in the architecture allows the server to
arrange the shoe boxes for different users or locations.

3. Shoe box: it is the unit of the system, either from the logic point of view and also
from the physical. Each box is autonomous, this is, contains all the hardware to
sensor the user interaction, provide the feedback and communicate with the server.
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4. Third party services: the weather forecast and calendar events are outsourced to
popular external services.

3.2 Hardware Components

One of the main problems related to the acceptance of new technologies is the price. In
order to address this possible limitation, we opted to use open and low cost compo-
nents, such as Arduino and Raspberry Pi.

Therefore, we developed the server using a Raspberry Pi Model 3. This small
computer has enough computational capabilities to execute all the modules and store
the data. Its reduced price, but its varied possibilities and ports, turned it into a popular
computer for different purposes. It is widely used in different contexts such as edu-
cation [15], making [8] and even assistive technologies [5].

On the other hand, shoe boxes are based on commercial systems to storage shoes,
augmented with technology. Every one contains the minimal hardware to operate.
A picture of the prototype and the different technology pieces added to it can be found
in Fig. 2. As can be seen in the Figure, all the hardware and wiring has been hidden as
much as possible and installed so shoe boxes can be piled.

Fig. 1. System architecture schema.

Fig. 2. Front and back view of the augmented shoe box.
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– NFC reader: shoes are identified by a NFC tag stuck on them. These stickers are
cheap, can be stuck inside the shoe, under the insole without disturbing the user and
allows the system to identify which shoe ID is stored in the box. This way, users can
put any pair of shoes on any empty box, without registering additional information
or keeping an order. The NFC reader is hidden on the bottom part of the box, so
there is no risk of breaking it when putting the shoes inside.

– Distance sensor: a distance sensor installed on the top of the box allows the system
to detect user interacting with the box. This is, when the user is getting a pair of
shoes or putting them inside, and trigger the recommender system if necessary.

– RGB LED–strip: the recommendation is provided by means of a subtle and
straightforward notification system, based on light colours. Red is to notify the user
that the shoes she is taking are not recommended. Yellow, when the pair of shoes
are not the best according to the context and green to notify her about the most
appropriate ones. To provide these different notification colours, and RGB LED–
strip is installed on the top of the box.

– Switch sensor: one of the boxes of the cabinet is equipped with an additional sensor
(switch type) to detect user intention of interaction. It can be a light sensor or a
magnetic switch that detects when the door of the wardrobe is opened. It is used as
the trigger of the system.

– Microcontroller: every shoe box is autonomous thanks to the microcontroller with
network capabilities installed on each one. It is in charge of all the tasks related to
the box, this is, detecting using interaction and informing the server, turn on and off
the LED strip according to the server’s instructions and reading the shoes ID
through the NFC reader and tag.

3.3 Data Model

In order to provide a functional and extendable example of system, both users and
shoes were modelled in the system as related entities. Moreover, data registries, past
recommendations and user actions are also modelled and stored in the database, so
future analysis may be possible, in order to extract user preferences and patterns of
usage.

The most important feature of users is the location. With that information the
system can query weather services to provide an accurate recommendation. Besides,
users configuration is also stored. Apart from user name and password, the system
stores a “proactivity” flag for each user. This is, if the flag is active, the system will
show the recommendation as soon as the user triggers the system (for example, by
opening the door of the wardrobe where the shoe boxes are stored). In contrast, if the
flag is not active, the system will wait for the user to interact (put the hand into one of
the boxes to take a pair of shoes) to provide the feedback with the recommendation.

Shoes are modelled including the features that the recommender system needs to
make the suggestion: the appropriate weather conditions to wear the shoes such as
temperature (a range) and the weather (rainy/snowy/sunny, etc.) and the type of events
in which the shoes can be worn, such as sports, formal events, work, etc. In this case,
this attribute is a 3–tuplet, as there can be stored up to three different type of events (a
list of priorities) for which the shoes are appropriate. Besides, the shoes’ model also
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include a short description (for example, to provide the brand and the model or the
colour), the NFC ID saved on the sticker and the availability.

To make the management task easier, a web–based interface is provided to users.
Through this tool, they can add, remove or edit the shoes registered in the system, as
well as analyse the system’s logs.

3.4 Recommender System

The recommender system provides feedback to the user regarding the most appropriate
pair of shoes for the day, considering the weather and the events on the user’s agenda.
Besides, every recommendation include, when possible, two pairs of shoes that fit the
requirements, so we provide an extra variable to take part in the recommendation:
user’s preferences.

The engine is based on a decision tree and penalties. In this scenario, only shoes
with active available flags are computed, and they are assigned a starting value of 0.
After that, and according to the criteria, they receive different penalties. Once the
criteria is applied, the shoes are sorted and the ones with lower values are selected. This
schema is extracted and adapted from [19].

The first characteristic to evaluate is the event tag. With this computation we
evaluate to what extend does the shoes fit the social conventions for the event, if the
user has any on the day’s agenda. The following penalties are applied in this case:

+0 if the type of the agenda event matches the 1st on the shoe’s events list.
+4 if the type of the agenda event matches the 2nd on the shoe’s events list.
+10 if the type of the agenda event matches the 3rd on the shoe’s events list.
+25 if the type of the agenda event is not listed on the shoe’s events list.

The second characteristic included in the computation is the temperature. In this
case, the penalty depends on the difference between the suitable temperature range for
the shoe and the expected temperature during the day:

+0 if the temperature is in the range of the shoes.
+5 if the temperature is in the range of the shoes ±1 °C.
+7 if the temperature is in the range of the shoes ±2 °C.
+11 if the temperature is in the range of the shoes ±3 °C.
+25 if the temperature is in the range of the shoes ±4 °C.

The third criteria is the weather. In this case we try to penalty wrong decisions, such
as wearing summer shoes in a snowy day. Therefore, the scoring system is:

+0 if the weather is the weather of the shoes.
+2 if the weather is “rainy” and the shoes are for “snowy” weather.
+2 if the weather is “snowy” and the shoes are for “rainy” weather.
+4 in other case.
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4 Challenges and Opportunities

As mentioned before, DIY technologies are opening a market to new customers and
services. Besides, they usually offer customisation options, as users are the end point of
the fabrication process. This may arise interest on users who need some adaptation or
customisation, but they can not afford ad–hoc developments.

In this sense, a system like the smart shoe cabinet presented in this paper would
help people with special needs, by providing them cues to dress appropriately for the
weather and the social conventions related to their events. This additional level of
independence may impact on their daily lives and contribute to self–realisation, as it is
usually trained in the family and labour training centres. This distributed assistance, in
combination with registries and analysis may increase the autonomy of the user to
levels that were difficult to reach previously, due to the need of continuous supervision
of the caregiver.

On the other hand, this system can also impact on the health of the user. It is widely
known and reported the need of wearing the appropriate shoes and change them often.
Wearing the same shoes every day may produce inflammation, injuries, feet pain, shoe
deformation and shoe–life decrease. Therefore, a proactive system that include his-
torical usage on their recommendations may lead to a healthier use of the shoes.

Finally, accurate user profiling and usage patterns discovery are two of the most
important topics in marketing nowadays. Therefore, a sensor that would provide pre-
cise user preferences and habits may be also interesting for companies in order to target
an specific population and run market studies.

Regarding the challenges, one of the most important issues that may arise is the
privacy of the user. As long as technologies evolve, users are more aware of their
privacy and, thus, Governments try to protect them with new laws and standards. In
this sense, data has to be anonymised from the core of the system and shared infor-
mation should be restricted. Moreover, users rights to read, edit or erase their infor-
mation have to be granted. However, this collecting data on shoe preferences and usage
is not a new issue. Mobile apps such as Nike+ [16] or Runtastic [21] already offer the
option to record this information and they use it also as an input for rewards.

5 Conclusions and Future Work

In this paper we have presented the opportunities that IoT developments present to the
e–Society, by means of an example of a smart shoe cabinet system. These approaches,
based on open and reduced price technologies, as well as being conceived as Do-It-
Yourself projects, illustrate the opportunities that may arise to help, know and improve
people lives. Additionally, the collection of massive data may produce a valuable
source of information for brands to study and know users’ preferences and habits,
opening another window to provide personalised market strategies (marketing, offers,
etc.).

However, the paper only include the conception and development of a first pro-
totype. For further iterations, a participatory design process and evaluation will take
place, addressing the open questions that arose in this work.
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Abstract. SMEs face a variety of challenges in their attempts to keep up with
the cyber revolution, even though SMEs are a major part of the world economy.
In a previous publication, the authors established that ‘B2C’ model does not
accurately represent or support SMEs in M-Commerce. Instead, the authors
reviewed SMEs and SME supporting apps from mobile app marketplaces and
suggested a model called ‘B2i2C’. In this model, the ‘i’, in the form of inter-
mediary business entity are playing a vital role in SMEs breakthrough into M-
Commerce. Following on, this paper reviews business processes to generate a
generic model adaptable to a variety of SME related products and services. This
paper presents the case study of Talabat, one of the most successful GCC e-
business models that supports SMEs to have come out from Kuwait. The
information collected from online resources, student placements and feedback
from operation managers attempt to emulate the business process model for a
variety of ‘B2i2C’ business models. The generic model is then tested against
three different scenarios to identify the level of similarity. The results demon-
strate a high degree of adaptability of the model and a major opportunity to
explore in the area of SME supporting app in M-Commerce.

Keywords: M-Commerce � SME � E-commerce � Disruptive business model
BPMN � Business model � B2i2C

1 Introduction

M-Commerce is a method of trading online using wireless mobile devices [1] that has
witnessed a revolution in recent years. However, mobile technology has its charac-
teristics, challenges, and restrictions [2]. Businesses interested in having an Internet
presence, have several choices. They can have informative websites which provide
information related to their products and services with no direct selling or buying
involved. Informative websites option remains fairly inexpensive. It is only when a
business is making that switch to M-Commerce that we see a substantial increase in
costs and challenges. Despite that, there are significant opportunities that exist in
Mcommerce for a variety of businesses mainly focused on sales growth. With that, new
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and disruptive business models [3] continue to outstrip other areas of E-commerce [4].
In moving on towards the M-Commerce business model, companies have the option to
adapt their existing website to mobiles or to create an app that they can market through
one of the key market app stores. Unlike the traditional approach of downloading
applications by searching online, mobile application stores provided assurances and
trust in the content that resulted in a boom in mobile downloads and M-Commerce [5].
The same cannot be said about Web-based M-Commerce which has had some limited
success [6] as mainly informative. From a consumer point of view, individual Small-to-
Medium Enterprise (SME) apps are hard to find, they come with an added cost
associated with limited device space, and time spent comparing products/services.
Therefore, consumers are reluctant to download individual SME apps for the purpose
of comparison or otherwise. So, the real business prospect for SMEs in M-Commerce
has come from the opportunities to be involved in new business models resulting in
some cases in major successes [7]. A new business model involving intermediaries
[8, 9] as well as Mass Customizations [10]. Together, these two models are considered
to have a strong bearing in encouraging SME businesses to adopt an M-Commerce
initiative. Evidently, there are opportunities for improvements and expansion to new
SME related product and services. However, there has been little or no academic
documentation to conceptualise the business process model for a successful SMEs
supporting app in M-Commerce. This paper examines the case study of Talabat, one of
the most successful SME supporting apps in the Middle East to develop a generic
business process model for B2i2C that can be tested.

2 Literature Review

SMEs can have several different definitions depending on the region. Most popular
definition suggests that an SME is a business that employs 250 or fewer people [11]. In
the EU alone, SME represents more than 99% of businesses [12]. With a study by the
World Bank Group suggesting that almost 90% of SMEs employ less than ten indi-
viduals [13]. While many SMEs have developed some online presence, a study in 2017
of the UK and Kuwait app market shows very few independent SMEs have been
successful in promoting their mobile apps [9]. This comes from the fact that
M-Commerce users’ needs and expectations vary significantly from E-commerce users
resulting in mobile applications being designed differently to E-commerce applications
[14]; therefore, presenting real challenges for SMEs. To overcome these challenges,
disruptive business models were being experimented to allow SMEs to break into the
M-Commerce market.

2.1 M-Commerce Models for SMEs

A review of the literature shows no specific business models for SMEs or SMEs
supporting apps bridging brick-and-mortar operations with a successful M-Commerce
operation. On the other hand, M-Commerce is a derivative of E-commerce, and thus
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inherits the seven main types of informational added values [15]. However,
M-Commerce has distinctiveness in what is called the Mobile Added Values
(MAV) [16]. MAV helps rationalise the challenges we discussed and present a plat-
form for evaluating the adding value and success of M-Commerce for SMEs.

2.2 SMEs and Mass Customisation

Before the advent of app marketplace stores, M-Commerce had some limited success
mainly in areas of informational web pages or sales promotion rather than trading. The
real potential of M-Commerce was the enabling of individualisation of the application,
also called soft customisation, one of the main categories of mass customisation [16].
This specificity allows the apps to adapt to their corresponding devices. It also allowed
the user to change the settings of the interface and customise it to their own needs. What
is more, the individualisation of the apps allowed better targeting of users with specific
content and promotions. On the other hand, Mass Customization goes beyond the
experience of the app to the customisation of the product, service, or both. Collectively,
SMEs are perfectly fitted to support Mass Customization [17]. According to [18, 19],
Mass Customization allows clients’ involvement in making individual adjustments to
products thus producing altered mass quantities that could be offered to the masses.

Some of the first examples of Mass Customization E-commerce business models
were service based comparison websites, such as hotel bookings, holiday sales, and
insurance services. These E-commerce models went beyond just sales of packages by
allowing users to customise packages based on their individual needs. What distin-
guished them from M-Commerce SMEs is that they are not geocentric local SME
product or service. Mass Customization of products and services presents a competitive
advantage in the lucrative online market [20]. Mass Customization business models
allowed the reduction of cost and lead time of Mass Production yet tailor output to meet
the individual needs of the customer [21, 22]. Technological advancements in Internet
communication and M-Commerce has facilitated the transition from Mass Production
to Mass Customization [21, 23] and ushered in a new generation of disruptive business
models [24]. Despite this distinctive characteristic, SMEs faced a major hurdle in
reaching their local M-Commerce audience.

2.3 Disruptive Business Models

The traditional business models of B2C, B2B, C2B, etc. are facing an onslaught of
disruptive business models that are changing the landscape of business operations. In
the case of mass customisation, these new models are allowing collaborative devel-
opment between competing businesses to promote customised products and services
[25]. An example of such collaborative work is that of the F2b2C model [26]. F2b2C
involves businesses (b) acting as intermediaries for factories (F) as they send cus-
tomised products directly to consumers (C) [27] as shown in Fig. 1. F2b2C represents
what some tried to explain as B2B (factory to warehouse), followed by another B2B
(intermediary warehouse to business), and finally B2C (business to consumer) [28].

266 F. Safieddine and I. Nakhoul



These three models cannot be seen in isolation from each other but rather in an
interrelated system since the products are never handled by the intermediary. Instead,
these products an services are sent from factory to customer directly [27]. Another
model with a specific successful record for SMEs in M-Commerce is B2i2C [9]. In this
model, SME are small to medium size businesses (B) who tend to have a niche local
exposure at marketing their products or services, (i) are intermediary businesses who
provide a platform for comparing products or services with added value, and finally
(C) the consumer who is able to compare, customise, and order with assurance of
quality and reliability presented by the intermediary source. The role of the interme-
diary business is specific enough to be given the letter ‘i’ as it plays a significant role in
developing trust through the independent reviews, the reliability of service, and con-
venience of not having to overload users’ devices with apps or depending to some
degree on unreliable online searches. Examples of B2i2C include Uber, an international
intermediary taxi service app, Seamless, a US intermediary food delivery app, JustEat,
a UK intermediary food delivery app, Trivago, international intermediary hotel
booking app, Airbnb, an international private holiday home letting, and Talabat, a
Kuwaiti startup that quickly became the GCC most successful food ordering app.

2.4 Reflection on the Literature

Given the economic impact of SMEs and the ever-evolving landscape of mobile
technologies and wearable technologies, understanding SMEs’ supporting apps process
model is significantly important. The business models presented in the literature do not
provide a complete picture or understanding of the actual processes. These models do
not explain the business processes involved in SME supporting apps and how they
have helped provide new opportunities for SMEs in M-Commerce. Understanding the
business processes will allow a better overview of how SME collaborations work, the
importance of a reliable and trusted intermediary, and opportunities to develop these
models in other areas where SMEs have struggled to keep up with the mobile com-
merce revolution. It is evident that B2i2C model is being replicated for a variety of
products and services and there remain opportunities for new disruptive business
models to be developed for the next generation of entrepreneurs.

Fig. 1. F2b2C model [27].
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3 Research Methodology

To better understand and evaluate the processes involved in B2i2C and specifically the
business processes around SMEs supporting apps, the paper aims to use Business
Process Modeling (BPMN) tool followed by a cognitive walkthrough of these pro-
cesses. There are a variety of business process modeling tools in the market; for
example Business Process Model and Notation (BPMN), Business Process Flowchart,
UML Use case diagram and Activity Diagram, UML EDOC Business Processes,
deployment flowchart, IDEF process mapping, Activity-Decision Flow (ADF) Dia-
gram, and EventProcess Chains (EPCs). After the introduction of BPMN in 2004, the
model evolved and improved allowing it to achieve standardisation status [29].
According to [30], BPMN has become the most widespread modelling tool to model
business processes. Crucial to BPMN success is that the notations are easy to read.
Therefore, the model allows easier visualisation of the processes and facilitates dis-
cussions among all stakeholders including analysts, developers, and management,
while still being able to model intricate processes [31]. According to [32], BPMN
success is a testimony to its ability to bridge the gap between business needs for
visualising processes and IT needs for representing complex processes. Also, BPMN’s
many extensions allow a great level of details in areas of security [33], business rules
[34], business events [35], and costs analysis [36]. However, it should be noted that in
large-scale projects BPMN can be less effective. The model can get complex and
difficult to read [37]. We can determine, however, that in the case of modelling the
interactions for Talabat, as a generic B2i2C business process, BPMN is a suitable
modelling tool to communicate these processes.

To ensure that BPMN is representative of the process, a methodology was devised
to collect and cross-reference the information from three sources using a four-step
process. First, the team reviewed the information provided online about the process of
ordering at Talabat [38, 39]. In addition, Talabat online sources provided key details
regarding how SMEs can join and other processes associated with their ordering
system. In the second stage, the team reviewed the Business Process Flowchart
(BPF) from a graduate student placement. The model, while not perfect, does connect
some of the facts associated with internal processes. In the third step, the BPM is cross-
referenced and checked with two of Talabat’s operation managers. The Talabat man-
agers contacted via LinkedIn verified existing processes to be valid and identified two
missing processes. Finally, given all online sources and the improved BPM, the team
developed a generic BPMN for B2i2C, and a cognitive walkthrough [40] is done for
three examples of SME’s business or services. For this paper, the team selected three
unique test cases to perform the cognitive walkthroughs: Taxi ordering service, private
holiday apartment rentals, and to stress test the diagram, the team selected a random
SME service.
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4 Outcome

4.1 Talabat’s Online Sources

The Talabat website provides some details on how the process of registering SMEs and
customers. For SMEs, the join us page explains that the company is the biggest online
food ordering service in the GCC, with millions of registered users, and they invest in
marketing that benefits the SMEs allowing them to increase their sales. There is also
brief information on how the ordering process works [38]:

1. Customers order from Talabat.com using their computers, tablets and smartphones.
2. Customers select their area to find a restaurant that delivers to their area.
3. Customers order from our graphically rich online menus.
4. Customers pay by card or cash on delivery.
5. The restaurant receives orders on Talabat.com Web Linked Application or other

seamless communication terminals.

After that, the SME is encouraged to fill a form to get the process of registering
their business started.

For customers, the instructions include creating an account, which they can use
social media login if they wish, or order without an account using their mobile number
and something called ‘express checkout’ number. They would then select their geo-
graphic area and optionally select the cuisine they prefer and then search. For each
restaurant, they can view the menu and add items to the cart. For each item, the
customer can customise their order by editing the ingredients or the way it is cooked.
Then they can enter their address or use the address that is already saved on the
app. The customer can then either pay via the app using their credit or debit card or
choose to pay cash on delivery. If it is a new phone number that is making the order,
Talabat will ring to confirm it is legitimate [38]. The information on the website also
includes a variety of tips on how to use Talabat services and cases where the customer
may not be satisfied with the service or product. The website, however, does not
explain how the data is handled after the order is collected other than indicating that as
soon as the order is placed, the restaurant is instantly informed. This suggests that the
communication is done electronically and consistent with the information presented to
the SMEs that they will be informed “Web Linked Application or other seamless
communication terminals.”

4.2 Generating the Business Process Flowchart

Figures 2 and 3 represent the BPF process collected from online research and student’s
placement at Talabat. The model represents an example of an intermediary business
entity. To keep the process generic, we will refer to Talabat as the intermediary and the
business interested in joining as the SME.

While Figs. 2 and 3. explains a significant part of the process, these remains based
on secondary sources. To verify these details, the team received feedback from two of
Talabat’s operational managers who indicated that the process is missing the regis-
tration, delivery information process, and the routing methods to the vendors. By
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Fig. 2. Phase 1: business process Flowchart for Talabat.
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Fig. 3. Phase 2: business process Flowchart for Talabat.
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routing methods, the operation manager indicated that Talabat sends instruction on how
to reach customers address. This could be information provided by the customer
making the order, by customers who have ordered from that same address, or drivers
who have attempted to deliver to that address. This information sharing is very valuable
in many countries where addresses are less structured and GPS locations less reliable.
Thus, ensuring the delivery arrives on time.

Fig. 4. Overview of the model.

Fig. 5. Generic BPMN Phase 1: registration and start of the order process.
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Fig. 6. Generic BPMN Phase 2: order process.

Fig. 7. Generic BPMN Phase 3: delivery of order.
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4.3 Generic BPMN for B2i2C

Using Figs. 2 and 3 the team constructed a generic BPMN model for order taking for
SME participation in M-Commerce model for B2i2C as presented in Fig. 4 with a
breakdown in Figs. 5, 6, 7 and 8.

To test the model for its flexibility and generic applications in another context, the
team ran cognitive walkthroughs for taxi ordering service, private holiday apartment
rentals, and to truly test the diagram a random SME service in the form of laundry
shops in Table 1.

Table 1 demonstrates that in all three scenarios, the generic model closely matched
the expected processes. Where there are discrepancies, in three processes associated
with taxi ordering, the processes of comparing SMEs and choosing SME is done by the
platform rather than the customer. The third process, processing payment, happens after
the service is completed and not before delivery. This walkthrough proved that the
model is sufficiently generic and where differences are to be applied, these are minor
and are associated with handling or sequence.

Fig. 8. Generic BPMN Phase 4: completing order and feedback.
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Table 1. BPMN walkthrough testing.

Role Process Case 1:
Taxi

Case 2:
Aprt

Case 3:
Laundry

Customer Open App ✓ ✓ ✓

Platform New customers? ✓ ✓ ✓

Customer Complete registation ✓ ✓ ✓

Platform Verify registration form ✓ ✓ ✓

Intermediary Check customers details ✓ ✓ ✓

Intermediary Check if the customer is blacklisted? ✓ ✓ ✓

Customer Notified registration is cancelled ✓ ✓ ✓

Platform Generate menu ✓ ✓ ✓

Customer Start order ✓ ✓ ✓

Customer Apply filter ✓ ✓ ✓

Platform List all SMEs ✓ ✓ ✓

Customer Compare options ✗ ✓ ✓

Customer Choose SME ✗ ✓ ✓

Platform Show the SME’s products/Services ✓ ✓ ✓

Customer Pick and customise the order ✓ ✓ ✓

Customer Add to cart ✓ ✓ ✓

Customer Checkout ✓ ✓ ✓

Customer Confirms order ✓ ✓ ✓

Platform Process order and payment option ✗ ✓ ✓

Platform Is customer approved? ✓ ✓ ✓

Intermediary Call customer to verify ✓ ✓ ✓

Customer Confirms details ✓ ✓ ✓

Platform Customer verified? ✓ ✓ ✓

Platform Order cancelled ✓ ✓ ✓

Customer Notified order cancelled ✓ ✓ ✓

SME Receives order, delivery, and notes ✓ ✓ ✓

SME Process the order ✓ ✓ ✓

SME Complete the order ✓ ✓ ✓

Customer Receives the order ✓ ✓ ✓

Platform Order recorded as complete ✓ ✓ ✓

Customer Receives request to rate SME ✓ ✓ ✓

Platform Save rating and feedback of SME ✓ ✓ ✓

SME Receives request for delivery notes
and rating customer

✓ ✓ ✓

Platform Saves rating and feedback of the
customer

✓ ✓ ✓
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5 Conclusion

The paper set out to develop and prove a generic BPMN model for SME supporting
apps based on a successful business model known as Talabat. The team were successful
in demonstrating the applicability of the model in at least three case studies. Thus, this
paper has helped formulate a model that could be adapted to new and emerging B2i2C
models. The team acknowledges research limitation in the fact the model is based on
only one case study and one type of product and service. The team also acknowledges
that the three case studies used in the applicability test are conducted as a walkthrough
rather than a field investigation. Further research is recommended to identify areas of
improvements, missed details and exceptions. The model could also be expanded to
explore new applications in areas not exploited thus opening new opportunities for
SMEs in competing in an ever-changing digital market. In addition, ethical consider-
ations need to be explored including regulations to ensure processes monopolised by
major intermediaries are fair and allow ethical practices in how they support SMEs and
consumers. Failure to do so will be detrimental to competition, diversity of SMEs, and
consumers.

At the time of writing this paper, competition between intermediaries was found to
be limited.
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Abstract. This paper examines electronic financial disclosure in Islamic
banking vs conventional banking in Gulf cooperation council (GCC). A check-
list was adopted to measure the level of electronic financial disclosure in Islamic
banking vs conventional banking in GCC. The sample size consisted of total 90
banks in GCC (44 Islamic and 46 conventional) for the year 2017. The statistical
analysis indicated that the overall level of of electronic financial disclosure
(EFD) was 73%, and 78.6% by Islamic banks and conventional banks respec-
tively. The results also report a significant and positive relationship with firm
size, and an insignificant relationship with profitability, and age. This paper
should be particularly relevant to central banking authorities considering in
banking sector in GCC for strategizing policies in the future of EFD as well as to
serve as a guide for academic EFD in banking sector in GCC.

Keywords: Financial accounting � Islamic banking vs conventional banking
Electronic financial disclosure � GCC

1 Introduction and Literature Review: Need for the Study

This study seeks to contribute significantly to all aspects of banking sector through the
electronic financial disclosure (EFD) for both Islamic banking and conventional
banking sector by determining the levels of disclosure of EFD. The need of disclosing
more information through EFD are increasingly raised in the previous studies con-
nected by different scholar from different countries including GCC countries, some of
the most important of these incentives are: firstly, the need for the development of the
appropriate institutional and regulatory framework. This is necessary to address the
peculiar factors contributing to financial instability, while provide support and guide
regarding the increasing globalization and liberalization with their potential crossborder
effects. Secondly, it would enhance and facilitate timely, accurate and reliable infor-
mation for investors (Al-Sartawi 2017).
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Despite the numerous challenges currently facing Islamic financial system, there is no
doubt that the Islamic financial institutions (IFIs) comprising mainly of Islamic banking
has steadfastly lay a formidable foundation in term of Internationally recognized Islamic
financial transactions. In this regard, the impacts on the levels of EFD for both Islamic
banking and conventional banking sector in term of external and internal influence on
Islamic banking such as, foreign investment, globalization, international capital markets,
international accounting firms and multinational organizations are due to the internal
influences such as socio-cultural, national economic development levels, local capital
markets and accounting professional body.

Islamic banking plays a major and important role in the Islamic economy system.
The significance of this study emerges from the need of full information through EFD
for both Islamic banking and conventional banking sector. Therefore, financial dis-
closure in Islamic banking is required to be prepared fairly and carefully. This will
further enhance and improve the efficient operation of Islamic banks as an important
player in the economies and an unambiguous source of a comprehensive development.

In this regard, this study attempts to evaluate the extent of the levels for both
Islamic banking and conventional banking sector by determining the levels of dis-
closure of EFD. Furthermore, this study contributes to the accounting literature in terms
of the impact of the changes in EFD on investors, regulators, accountants, and the
media as well as on several other dimensions with expectation of assisting in the
establishment of checklist for banking system in its operation.

The findings obtained from the current study are therefore expected to fill the gap in
the literature review and contribute towards a better understanding and acceptability of
the electronic financial disclosure for both Islamic banking and conventional banking
sector. Therefore, as a result of the rapid increase in number of investors and shareholders
in the financial markets, the need of disseminating financial statements has increased to
fulfill the satisfaction of shareholders.Moreover, the disclosing of earning information by
large firms requires being fair, it should be disseminated widely and simultaneously to the
investors by internet (Jorgensen andWingender 2004). Adopting EFD by companies has
several benefits. Firstly, adopting internet financial disclosure enhances the companies’
efficiency and attracts investors from all over the world. Secondly, EFD serves people
who need to collect information about companies via internet. The users can easily access
internet at any time, from anywhere and obtain efficient information inexpensively.

In addition, the adoption of EFD by the companies can enhance performance of
these companies through the cooperating and exchanging of ideas, experiences and
information between these companies. However, there are some factors that prevent
companies from adopting EFD including: the necessity for a continuous updating of the
information to benefit the users as much as possible, the illegality of requirements and
the unwanted transparency in disclosing financial information. “Bin Au Khan and bin
Ismail” (2012) summarize the advantages of the internet financial disclosure as: the
globalism, investors’ communication and timelines, whereas the disadvantages of
exposing financial information electronic include the problems of privacy and security,
cost and experiences. Based on the above discussion, it is clear that the investigation of
the extant of adoption EFD by the listed banks in GCC is important in this study.

Recently, there have been too many researchers investigating the extent of dis-
closing financial reports electronic among firms all over the world. Researchers were
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interested in examining the effect of some selected characteristics (e.g. size, prof-
itability, liquidity, leverage… etc.) on EFD companies. In related study, Khadaroo
(2005) conducted a comparative study that compares the internet disclosure practices of
Malaysian listed companies with those in Singapore. The study also examines the
implications of web technology for business disclosure and the challenge it poses for
standard-setting bodies. The results show that the companies listed in Singapore has
more countenance than those in Malaysia. Moreover, the Singapore companies char-
acterized more potential to use the Internet than those in Malaysia.

2 Electronic Financial Disclosure: A GCC Perspective

Several studies conducted in GCC discussing a number of issues related the EFD for
both Islamic banking and conventional banking sector. For instance, the adoption of
EFD to spread companies’ information is a recent phenomenon and some studies
consider its future implication. “Al-Motrafi” (2008) noted that the use of electronic
financial disclosure in Saudi Arabia may involve rising the concerns of the accounting
information disclosing, and this may lead users (such as auditors and regulators) to
contribute in financial disclosure to extract regulations and moderate the use of EFD to
fulfill statutory. Moreover, the researcher noted that firms may concentrate on inno-
vation of EFD which may help companies induct a disclosure strategy to fulfill users
satisfactory level (such as getting benefits by disseminating better information, and
extant the companies communication). According to Al-Motrafi (2008) he examined
the extent of using of EFD by Saudi public companies (113 companies); the researcher
tested the influence of eight specific characteristics on disclosing financial disclosure
attitudes. The study has found out that 95(84%) of the companies’ own websites while
only 51 companies (45%) are adopting EFD. Moreover, the findings of the study have
noted that none of these companies possess comprehensive financial information. In
addition, the study has also stated that firm’s size and stock market are the main
variables that affect the mount of corporate information posed.

Another study conducted by Oyelere and Mohamed (2007) in Oman stock market,
study showed that of the 142 firms, 59% (84 companies) had an accessible Web site,
and of these 84 companies only 31(36.9%) provided financial information on their
home page. In related study, Al-Moghaiwli (2009) conducted a study to investigate the
extent of internet disclosure practices of Qatar listed companies on the Doha Securities
Market (DSM). The results indicated that 90.6% (39 companies) had websites and a
total of 28 (71.8%) of these companies provided complete form for financial disclosure
via internet. the ownership, firm size, and profit ratio structure are the main factors
influencing EFD adoption. Another study conducted in Kuwait by “Alanezi” (2009) A
total number of 179 companies listed on Kuwaiti joint-stock (KSX) were investigated.
The variables of company size, type of auditors, profitability, liquidity, and leverage
were examined. The study reported that 56% of the listed companies disclose financial
information.

Momany and Pillai (2013) conducted an empirical study in the United Arab
Emirates to investigate the extent of volunteer (EFD) among (UAE) firms listed on the
Abu Dhabi finance market (ADX). 65 companies were examined, and the researchers
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used UAE electronic search engines to collect data. The researchers tested eight
(8) characteristics including the effect of profit ratios, firm’s volume, firm’s age, the
type of ownership and its concentration, debt ratios, corporate governance, and asset
ratios. The logistic regression analysis used as well as several statistical tests were done
like correlation variance. The main results showed that 89% of the listed companies
had special sites on the Internet whereas the other 11% did not have any sites. The
study also found out that 60% of the firms on Abu Dhabi possessed web-sites provided
financial information electronic while 40% of the firms did not provide corporate
finance information online. In addition, the results showed that 91% of the companies
provided comprehensive financial statements whereas 9% provided partial financial
statements. In addition to that, the findings showed that profitability and corporate
governance were the significant factors that affect the adoption of EFD.

A similar study conducted by Miniaoui & Oyelere in UAE (2013) to investigate the
determinants of disclosing corporate financial information online. The study stated that
the firm size, industry sector, the leverage, and profitability were the most important
variables of volunteer EFD. The study results showed, “larger companies with greater
leverage are more likely to set up a website and use it for EFD than smaller less
leveraged ones”. The logistic regression analysis used to examine the significant factors
of EFD by the firms. The study noted that the banking sectors, investment and finance
sectors and insurance sector had the major portion (62%) of EFD companies.

In addition to that, Joshi & Al-Modhahki (2003) conducted study in Bahrain and
Kuwait to determine the extent of disclosing corporate financing information. A sample
of 75 companies (Kuwait 42 and Bahrain 33) was selected. Six (6) characteristics were
tested; company size, profitability, debt ratio, industry type, auditor size, and country
effect. The researchers analyzed the collected data about these companies and deduced
that 47.6% of Kuwait companies owned website, while 48.5% of Bahrain companies
did. They also concluded that the size and industry were the most significant variables
that affect adopting EFD. Another study was carried out by (Mohamad & Oyelere
2008) to examine the practices of disclosing corporate information via internet in
Bahrain. The study was preparatory and limited since it didn’t investigate an in-depth
view of the potential practices. The researchers collected data available about all the 49
listed companies in Bahrain Stock Exchange (BSE). They used Google and Yahoo
engines and telephone calls to investigate whether the listed companies own websites
or not. The study reported that 40 (81.6%) of the companies possess websites while
only 27 (67.5%) of these companies were adopting EFD. Moreover, the findings
showed that 34 companies provided historical information about themselves and 34
provided information about their services and products, whereas 31 companies pro-
vided financial information. In addition, the researchers stated that only 25 companies
posed both annual reports and financial highlights.

3 Theory of Voluntary Disclosure: The Agency Theory

The agency theory interprets why organizations voluntarily disclose information pri-
marily for stakeholders and public in general. The organizations believe that contact
with agents is a good means for monitoring actions and this contact can be best
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achieved by disclosure of proper information. According to agency theory, there are
conflicts of interest between two parties; outsiders and insiders. These conflicts are
more likely to occur in larger organizations (Mohammad and Monirul 2012). This
indicates that the advantage of disclosing information is correspondingly greater. The
managers (insiders) usually need to be trustworthy to the shareholders (outsiders)
through the reduction of agency cost by disclosing more information about the orga-
nization (Sweiti, and Attayah 2013).

“Francis et al.” (2004) has argued that less outsider ownership results in less
information asymmetry between the insider and outsider shareholders; therefore,
ownership concentration reduces the need for strong corporate governance and trans-
parency. According to “Zimbwa” (2005) companies with a greater concentration of
shareholding are likely to have lower levels of transparency and thus not disclosing
information whereas companies with higher leverage ratios are more likely to have
higher levels of transparency and disclose more information as a result. This leads to
the assumption that there is a relation between the firm’s size, leverage and cost and
benefits on the one hand and the disclosure of information on the other.

4 Research Design and Methodology

4.1 Sample Selection

The empirical study of the current research depends on a population which consists of
all the listed banks in the GCC bourses for the year 2017. However, the required data
were gathered from 90 banks (44 Islamic, and 46 conventional) out of 110 banks listed
in the GCC bourses. Some of the banks were excluded from the study because they are
suspended and closed, some of them their website was not functioning and some of
them did not have an investor relations section on their websites. Moreover, the
researchers used the banks’ websites and the GCC Bourses websites to gather the data
required for this study.

4.2 Measuring the Level of Electronic Financial Disclosure

For the current study the researchers have adopted a checklist used by Al-Sartawi
(2016) Alrawahi and Sarea (2016) & Al jawder and Sarea (2016) consisting of 90 items
(71 items for content and 19 items for presentation) to measure the EFD. Therefore, the
EFD index is based on binary, that is, if a bank reported an item which was included in
the checklist it received a score of 1 and if the bank did not report an item, a score of 0
was allocated. Accordingly, the Index for each bank was calculated by dividing the
total earned scores of the bank by the total maximum possible score appropriate for the
bank. Below formula shows the way of calculating the EFD index.

EFD ¼
X

i¼1

di
n
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Where: di: disclosed item equals One if the bank meets the checklist item and Zero
otherwise. n: equals maximum score each bank can obtain.

5 Research Design and Methodology

5.1 Dependent Variable

Several research studies have addressed the issue of electronic disclosure in the GCC
countries (Al-Sartawi 2016, and 2018). These studies have investigated the effect of
several variables on EFD like corporate governance, and institutional investor. Yet
there are negligible studies that actually investigate the association of firm character-
istics with EFD Accordingly, this study would be an important contribution in filling
the gap in the current literature by determining whether there is a relationship between
the level of EFD and the type of banks that are listed in the GCC Bourses.

5.2 Independent Variables

5.2.1 Type of Bank
Previous studies conducted in several countries are used “type of bank” as independent
variable, for instance, Heffernan and Fue (2008) they used dummy for type of bank:
whether national joint stocks, city commercials and rural commercials. This bank
dummy variable will provide a measure of the relative performance of the selected
banks. This study could help in filling the gap in the literature by determining whether
there is a positive relationship between the level of EFD and the type of banks in GCC.

5.3 Control Variables

5.3.1 Profitability (ROA)
However, based on Singhvi and Desai (1971) companies disclose more information
when its profitability is above industry average in order to signal to the owners about its
strong position to survive. Many studies have examined the relationship between
profitability and the level of EFD (Oyelere et al. 2003; Agboola and Salawu 2012;
Agyei-Mensah 2012; Adebimpe and Ikenna 2013. Meanwhile, Ashbaugh et al. (1999),
Ettredge et al. (2002), Xiao et al. (2004) found contradictory results that do not support
this relationship.

5.3.2 Firm Size
With regards to firm size, empirical evidence by Ashbaugh et al. (1999), Debreceny
et al. (2002), Ferguson et al. (2002), and Omran and Ramdhony (2016) suggest firm
size as a determinant to explain EFD. According to Agboola and Salawu (2012), larger
companies are more perceptible, and as a result, may be more likely to disclose more
information. Similarly, Adebimpe and Ikenna (2013) argue that large companies
usually operate over wide geographical areas and undertake many products along with
several divisional units. Hence, it is assumed that they have wellbuilt information
systems that enable them to trace both financial and non-financial information for
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operational, tactical and strategic purposes. Moreover, Agboola and Salawu claim that
the arguments in the literature lend support to higher disclosure by larger firms.

5.3.3 Age
Finally, with regards to age, previous studies reveal that there is a positive relationship
with the level of EFD: Akhtaruddin (2005), Al-Shammari (2007). Older companies
may be more motivated to disclose such information, as the disclosure is less likely to
hurt their competitive position (Agboola and Salawu 2012) Therefore, older companies
might have better and established reporting systems than newer companies. Therefore,
based on the signaling theory, and theoretical and empirical literature, this paper
establishes the following hypothesis as:

H1: There is a positive relationship between the type of the banks (Islamic or
conventional) listed in the GCC Bourse and the level of EFD.

5.4 Model

The following regression model was used to test the hypothesis. The regression model
was developed using the EFD as dependent variable, the type of banking as inde-
pendent variable, and the firm characteristics as control variables.

EFDi ¼ b0 þ b1B Typei þ b2ROAi þ b3LFSZi þ b4AGEi þ ei
Where:
Code Variable Name Operationalization
Dependent variable –:
EFD Electronic Financial Disclosure

%
Total scored items by the company/Total maximum
scores

Independent Variables-:
B_Type Bank Type This is a binary Wherein 1 means that the bank is Islamic and 0

conventional
Control Variables-:
ROA Returned on

assets
Net income/Total assets

LFSZ Firm size Natural logarithm of Total Assets
AGE Firm Age The difference between the establishing date of the firm and the

report date
ei Error

6 Research Findings

6.1 Descriptive Analysis

As mentioned earlier, the level of EFD is measured by dividing the total score of every
bank by the maximum probable scores. In 2000, the Financial accounting standards
board (FASB) identified the two dimensions of financial reporting as both the content
and presentation of information disclosed by companies’ websites. Consequently,
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based on the adopted index, the maximum score of the EFD was 90 items constituting
content dimensions of reporting and presentation dimensions. Where the content
dimension included 71 items, the presentation dimension included 19 items.

The results shown in Table 1 suggest that the level of EFD was differed between
Islamic and Conventional Banks. The conventional banks level was 78.6% and the
Islamic banks level was 73%. This could be due to the characteristics and the regulation
of conventional banks comparing to the Islamic banks, both types are working in GCC
countries, but the Islamic banks still did not have its separate standers for disclosures.
Overall, the results show that the level of electronic financial disclosure by the two
types of banks can be considered as a fairly good level of reporting since the differences
between them were not significant at the level of 5%.

Additionally, the descriptive statistics for control variables, i.e. the firm charac-
teristics, in Table 2 show that the mean of ROA is 0.10. As for the mean of firm size,
i.e. Total Assets, it was 1.49 million, with a minimum of 367246 million and a
maximum 1719741907. The normality distributions of total assets were skewed.
Hence, natural logarithm was used in the regression analysis to reduce skewness and
bring the distribution of the variables nearer to normality. Finally, the bank age ranges
from 4 to 62 with a mean of 19, indicating fairly young banks.

6.2 Validity

To test the validity, the model of the study was checked for multicollinearity which
involved conducting the Variance Inflation Factor (VIF). The VIF should be lower than
10 and tolerance should not be below 0.2. The VIF scores for each variable are reported
in Table 3. The results indicate that since no VIF score exceeded 10 for any variable in
the model, while no Tolerance score was below 0.2. So, it was concluded that there is
no threat of multicollinearity.

Table 1. Level of electronic financial disclosure

Bank type N. EFD Independent
samples test

Mean S. D t-value Sig
Islamic 44 7308 19341
Conventional 46 7857 19341
Total 90 7588 18130 −1.444 0.076a

aDifference is significant at the 0.10 level.

Table 2. Descriptive statistics for dependent and control variables

Variable Min. Max Mean S. D

ROA −0.05 85 0997 12438
Size 367246 1719741907 1.49E8 2.669E8
Age 4 62 19.14 14.471
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Additionally, the researchers conducted the Pearson correlation test to measure the
correlation between the dependent and independent variables. The results of the pair-
wise correlation presented in Table 4 below demonstrate a weak correlation between
the variables where the correlation does not exceed 0.449.

6.3 Testing the Hypotheses

Table 5 reports the findings of the regression analysis of the model. These findings
show that the value of calculated F- Statistic for the model is 2.799 at a confidence level
95%, where the p-value for the model is less than 5% at 0.022. This finding supports
the significance of the regression model statistically.

The results as shown in the above table indicate a negative relationship between the
level of EFD and the type of bank (Islamic or conventional), which could be due to
Islamic banks disclosing less electronic financial information when compared to

Table 3. Collinearity statistics test

Variable Tolerance VIF

Type .933 1.072
ROA .739 1.354
Size .992 1.008
Age .771 1.297

Table 4. Correlations matrix

Variables EFD Type ROA Size Age

EFD 1
Type −.152(.152) a 1
ROA .154(.148) .257(.950) 1
Size .317(.432) −.258(.588) .163(.556) 1
Age −.274(.490) .163(.124) −.449(.236) −.333(.756) 1
aSig. between brackets.
bCorrelation is significant at the 0.01 level (2-tailed).

Table 5. Regression analysis

Type ROA Size Age

Beta –.126 .169 .303 .027
t-statistics −1.810 1.440 2.983 .233
Sig. .030 .154 .004 .817
R R2 AR2 S. E F-statistics Prob. (F)
0.378a .243 .192 .17278 2.799 .022

Electronic Financial Disclosure: Islamic Banking 287



conventional banks as indicated by the overall levels of EFD. Reasons for this could be
due to the high experience and age associated with conventional banks. Moreover,
there is no clear regulation for disclosure in Islamic banks, and at the same time the
Islamic banks follow double regulations which include both the Islamic standards and
the central banks standards.

The firm characteristics such as profitability indicate that there is a positive but
insignificant association with EFD, as the significance levels of the Return on Assets
(ROA) variable is 0.154. This result is in line with the results reported by Ashbaugh
et al. (1999) and Xiao et al. (2004). Thus, could be due to the profit and loss sharing
(PLS) principle in Islamic banking when compared to conventional banks, where
Islamic banks are protected and have more stable profits. Another reason could be
related to the Islamic principle of trusteeship (Amanah) i.e. due to the trust between
managers and investors, managers might not have the need to signal their justification
for their compensation packages.

Regarding size, the study found a significant and positive relationship with EFD,
i.e. significant at 0.004 as larger firms tend to have more resources than smaller firms,
and therefore it is expected that they have efficient information systems that enable
them to easily trace information for operational, tactical, and strategic purposes. This
result is similar to Agboola and Salawu (2012), and Omran and Ramdhony (2016).

This study also failed to find an association between age and EFD at a significance
level of 0.817. This is in line with the results of Adebimpe & Ikenna (2013), and Yusuf
(2013) who also found an insignificant relationship with age. The insignificance of age
shows that experience with investor relations does not necessarily encourage banks to
undertake more advanced means of financial reporting such as EFD. One reason for this
could be that when compared to conventional banks, Islamic banks in the GCC are
relatively young.

Consequently, we can summarize that the level of EFD by the GCC banks has a
positive relationship with size and a negative relationship with bank type. Moreover, it
has a positive yet insignificant relationship with profitability and age.

7 Conclusion and Recommendations

This research study set out to examine and report on the extent and firm characteristics
that determine the practices of EFD by Islamic banks vs conventional banks in the
GCC countries. This paper is an important contribution to filling the gap in the liter-
ature, as there are a limited number of studies which deal with EFD from such a
perspective. The paper creates awareness regarding EFD that might prove beneficial to
the various stakeholders including investors, regulators and preparers of financial
statements. Data was collected using the websites of 90 banks listed on the stock
markets in the GCC countries for 2017. A checklist was adopted from Al-Sartawi
(2016), Alrawahi and Sarea (2016) and Al jawder and Sarea (2016) to compute the total
level of EFD.

The index measured both the content and presentation dimensions of the websites
and online reports. This study found that the overall level of EFD in the GCC by
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Islamic banks is 73%, while the level of EFD by conventional banks was 78.6%. The
results report a significant negative relationship with bank type, and a positive rela-
tionship with firm size. On the other hand, the results show an insignificant relationship
with profitability (ROA), and age. It can be concluded that that larger banks disclosed
more financial information on their websites due to the availability of resources where
they can benefit from the resulting lower costs. This is consistent with the agency
theory that large firms attempt to reduce the high agency costs associated with infor-
mation asymmetry between the management and investors by disclosing a large
amount of information.

This study recommends that Islamic banks use the internet to improve their
exposure and the availability of financial information when compared to conventional
banks. For example, based on Agoobala and Salawu (2012) many of the processes that
occur in remote places can be automated and fed into a firm-wide information system
or intranet. Moreover, to promote the uniformity in disclosure by Islamic banks, both
regulatory and professional bodies should jointly provide a template for EFD.
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Abstract. Continuously achieving and maintaining competitive advantage is
the critical survival factor for software-intensive product development compa-
nies undergoing digitalization transformation. These companies remain uncer-
tain if investments in business modeling is sufficient to cope with rapidly
changing business models, technology, and customer demands. We conducted a
Systematic Literature Review using the snowballing methodology to explore the
effects of business modeling on business flexibility and variability in the real-
ization. Our results confirm a research gap regarding translating desired strategic
flexibility into business options that can efficiently and effectively be imple-
mented using software-based variability in the realization. We conclude that
more research is needed consolidating business model innovation, experimen-
tation, and operationalization. Building on theories for learning and knowledge
creation, we propose a framework for describing change and analyzing strategic,
tactical and operational choices in business model experimentation.

1 Introduction

The inherently flexible nature of software fuels the ongoing digitalization transfor-
mation as it allows for rapid changes and adaptations in delivering value to the cus-
tomers as a response to technology innovation and new business opportunities [1, 2].
A business model helps to manage and innovate the business toward value creation for
all stakeholders [3], by supporting the choices and consequences of these choices in
products, business processes, and organizations [4]. Optimizing value creation requires
profound understanding of how the implemented business model interacts with prod-
ucts and stakeholders [5].

Software-intensive product development (SIPD) companies have a unique position
for efficiently creating value appreciated by all stakeholders. Software is the main
component in (1) the tools for implementing and supporting core business processes;
(2) developing the software product itself, and; (3) integrating the product into the
business ecosystem. SIPD companies adapt and integrate their software to the desired
business model using business modeling [6].
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Business modeling (BM) aims to analyze the business environment and drive
change, by adapting and aligning the business strategy with the execution, to create
value for all stakeholders [7, 8]. The literature suggests experimentation [9], collabo-
ration [10], or trial-and-error learning [11] to deal with business model change. The
speed of changes in the software business demands increased flexibility between
strategy, implementation, and the business model execution [2].

Several prominent authors emphasized the lack of coherence and a clear focus in
the business model research [8, 12–14]. In particular, there is a gap in understanding
how business modeling interacts with the digital business strategy, and what effects
business modeling have regarding selecting, developing, deploying, and monitoring the
optimal set of business choices in software products.

This study investigates how flexibility is linked to business modeling for SIPD
companies, and if business modeling can bridge the gap between managing business
choices and developing variability in the business model realization. Based on the
literature review results, we present a summary of the benefits and challenges asso-
ciated with BM, including reported connections to the flexibility of the business. Next,
we synthesize the findings, list trends for BM, and propose a framework to describe
change based on changeability and contextual dimensions.

2 Background and Related Work

We base our work on the BM definition by Rohrbeck et al. as “to be a creative and
inventive activity that involves experimenting with content, structure, and governance
of transactions that are designed to create and capture value” [15]. Rohrbeck et al’s
definition supports our investigation of BM for SPID companies in two ways. Firstly,
looking at a transaction that creates value as the unit of analysis for a business model
[3], it allows for a value-driven business model analysis. Secondly, by introducing the
word experimenting, it extends BM to a process of ‘translating an idea into execution,
test, and change until satisfied,’ similar to the agile method of developing software
products. However, experimentation requires fast feedback loops between business
model planning and execution, so we complement the BM definition with the proposed
capabilities needed for BM (Understand and share, Analyze, Manage, and Prospect)
[6].

The term flexibility is introduced in different contexts, e.g., strategic flexibility,
business flexibility, as a way to managed change. Manufacturing literature suggests that
building flexibility entails identifying uncertainty, implementing the appropriate deci-
sions, and monitoring the achieved flexibility [16]. Flexibility in software business
models is extensively discussed in literature, e.g., covering pure software business
models [17], open source/mixed source [18] and digital options [19], transitions from
product-based business models to service-based models [20], or to industrial product-
service systems and use models [21–23].

Strategic flexibility (flexible reallocation of resources, changing and adjusting
plans and strategies, and maintaining options where needed) is an essential topic in
business and management literature, e.g., [24, 25]. Business flexibility with the
ambition to improve business performance is discussed by Mason and Mouzas [24].
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They proposed a model where business model flexibility is a function of the network
structure, relationship typology and business model focus.

Changeability increases speed and agility by introducing flexibility of strategic
choices supported by variability in the realization [23]. Changeability applies to
software-based products, their design, production and delivery. and production. We
believe that BM will go through a similar evolution as how agile software development
changed the ways of working for software development companies (with always
working software). Such an evolution will force BM to new representations of infor-
mation and flexibility, and demand automation tools for effective and efficient planning
and execution of business models.

Variability in the realization is discussed under the term Software Product lines
(SPL), with a focus on modular architectures and component structures. SPL empha-
size creating a platform as a common code base, enabling product realization through
variability and configuration management. Building a platform requires long-term
investment and locks a company within a single solution for the commodity part of its
products. A recent trend is to invest in software ecosystem participation, as a more
efficient way of building and maintaining commodity parts of the products [26]. SPL
literature mainly focuses on the technical aspects of product development and reuse,
rather than business model flexibility.

3 Methodology

We considered software-intensive products as the unit of analysis and investigated the
following research questions:

RQ1: What benefits and challenges are associated with flexibility in business
modeling? We use RQ1 to investigate the contextual setting for business modeling
and flexibility.
RQ2: What effects of business modeling related to business flexibility and vari-
ability in the realization are reported in the literature? RQ2 addresses how BM can
support flexible business strategies and address the challenge of efficiently imple-
menting the right flexibility in business options. This means deciding the right level
of variability in realization.

3.1 The Snowball Methodology

The Systematic Literature Review (SLR) methodology is based on the guidelines for
snowballing literature search proposed by Wohlin [27], outlined below1.

STEP 1: Design of the Literature Review. We performed two open-ended
interviews (60 min each) with an expert in Software Engineering (telecommunication
industry with 25 years of experience) and Business management (professor in

1 An Appendix with an illustration of the methodology process including all additional details on the
study design are available at https://www.bth.se/wpcontent/uploads/2018/06/SLRBMFlexAppendix.
pdf.
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production management). We asked a question “Does business modeling enable
improvements in effectiveness and efficiency for a company?”) to understand the ter-
minology and support creating inclusion criteria (IC) and data extraction properties. We
also created a study protocol.

STEP 2: Defining the Start Set. From the two interviews, we received recom-
mendations about four relevant papers. Next, we searched Google Scholar to derive a
collection of definitions and to develop the search strings (SS). We ended up with two
search strings2. The search string is as follows:

SS1: (business modelling OR business model OR business ecosystem) AND value
creation AND strategy SS2: (“business modelling” OR “business modeling” OR
“business ecosystem”) AND “business strategy” AND “value creation” AND
(“effectiveness” OR “efficiency” OR “business flexibility” OR modularity OR
“variability in realization” OR “governance” OR “multi-business”)

Executing SS1 and SS2 (limited to title-abstract-keywords) resulted in 2948 papers.
The first author applied the inclusion criteria on titles and abstracts, removing 2378
papers. The remaining 570 papers were put in an excel sheet and duplicates were
discarded. The final 477 papers were screened more thoroughly (abstract, introduction,
conclusion) by the first and the second authors. We also included one paper [8] rec-
ommended by the expert in business management, giving us 10 papers in the start set.

STEP 3: Execute Snowballing Iterations. Each snowballing iteration started with
the first author collecting the references and the citations for each selected paper and
applying the exclusion criteria followed by the inclusion criteria. Google Scholar
(GS) was used for citations [27]. We used Cohens Kappa in the different iterations for
quality assessment, see Sect. 3.2.

We screened 10414 citations and 2958 references in all snowballing iterations.
Iteration 1 covered the start set and resulted in 35 selected studies (out of 612 refer-
ences and 249 citations). Iteration 2 resulted in 2011 references and 10134 citations.
Pre-screening (language, title, abbreviated abstract) gave us a remaining 1335 citations
to screen. We selected 11 studies in iteration 2. Iteration 3 rendered 313 references and
30 citations, resulting in one new paper selected. Iteration 4 gave no further studies
resulting in 57 studies selected for analysis3.

STEP 4: Data Extraction, Analysis, and Synthesis. The data extraction prop-
erties (EP)4 were designed and discussed before application. ATLAS Ti5 and Excel
were used to keep track of and analyze results, and to synthesize extracted information.

2 SS1 uses stemming and SS2 doesn’t. Also, “multi-business” was added upon recommendation of
industry expert, since executing several business models in parallel is a significant challenge for large
SIPD companies.

3 See Appendix B available at https://www.bth.se/wp-content/uploads/2018/06/SLRBMFlexAppendix.
pdf.

4 See Appendix C, available at https://www.bth.se/wpcontent/uploads/2018/06/SLRBMFlexAppendix.
pdf.

5 Software for Qualitative Data Analysis, http://atlasti.com/.
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Properties EP1–EP4 were used to analyze the relevance to industry for each papers
contribution. Property EP3 (Rigor and Relevance) was also used for quality assess-
ment. It helped us to evaluate how generalizable the different results were, see
Sect. 3.2. Open coding [28] was used for properties EP5–EP9. The extracted data was
thematically and narratively analyzed.

The results were iterated in two phases (a) RQ1 and (b) RQ2. For each phase, the
first author prepared a summary of listed quotations from all studies. The list was then
reviewed against the extracted result, and the first author had to explain a summary of
each paper’s findings to the reviewer. Both phases were reviewed by the second author.

3.2 Validity Threats

We adopted the validity guidelines suggested by Runeson [29]. We mitigated the
industrial experience bias of the authors by conducting the two initial interviews and
iterative refinement of the research questions and also by applying a grounded theory
approach [28].

The selected ten papers in the start set are highly heterogeneous and therefore
minimize the bias on specific author or terminology. Similarly, we mitigated the
author’s bias by calculating the Kappa coefficient when selecting the start set papers.
The first and the second authors did the Kappa analysis, and the value was k = 0,566
and later k = 0,638. The Kappa analysis was also performed on 12% of the studies
from the first snowballing iteration with a result of k = 0.763.

To mitigate author bias during extraction, six random studies were selected (of the
57 studies) and extracted by the first and second authors. The validation showed a
discrepancy of one paper for extraction properties EP1–EP4 and after further discussion
full agreement was reached. Also, the results to the RQs (EP5EP9) was iterated in two
phases, and each phase was presented by first author before discussed and evaluated by
the second author.

Rigor and relevance analysis was applied and adjusted to mitigate potential threats
to conclusion validity [30]. The relevance parameter was coded using binary weights
(0, 1, 2, and 4 instead of the recommended 0 and 1). We also decided to add property
EP4 to specifically address the relevance of a papers content concerning our RQs (since
the property EP3 and its relevance aspects only consider the research method and
context of a paper). This provided higher resolution when discussing the relevance and
comparing the papers.

We minimized potential internal validity threats by following the systematic
mapping study guidelines, creating a review protocol and sharing the work associated
with data extraction and analysis. Because of the interdisciplinary nature of this study,
the risk remains that some aspects are underrepresented and other aspects are over-
represented. In particular business model innovation or business process modeling
seems to be heavily researched in the business management and the computer science
community. However, we decided to focus on the interplay between the strategic
intentions, the design of a business model, the realization of it, and the resulting effects
on efficiency and effectiveness, rather than details on how individual steps are
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performed. We addressed this by our choice of a snowballing methodology. We also
used grounded theory approach with open coding [28] to harmonize language between
the different research fields.

4 Results

4.1 Benefits and Challenges Associated with Business Modeling (RQ1)

Weextracted 263 quotes of purpose, benefits, and challenges of businessmodeling from the
identified 57 papers6. Quotes of purpose (P) often sets the general context, while quotes of
challenges (C) or benefits (B) often are a reflection of how well a solution to a specific
problem works. We used open coding to thematically analyze these quotes into the fol-
lowing common areas: (1) Value creation/capture; (2) Assessment (decision control,
clarity, visualization); (3) Mind-set and Knowledge; (4) Cost/Revenue; (5) Ends (Vision,
goals, and objectives); and (6)Means (Mission, Strategy, Tactics, Directives), Resources)7.
Also, we identified three primary contexts for BM: (1) Strategy & planning; (2) Daily
operations (executing strategies and plans); and (3) Governance & communication.

The main purpose for BM is to stay competitive and improve business results. The
quotes of purpose are often overlapping and cover a wide variety of more specific
topics, like managing specific business aspects (e.g. offerings, market, cost, and rev-
enue), capturing the business logic, over to a holistic nature like ‘operationalize
strategy’, and ‘appropriate value from technology’.

We analysed 90 quotes related to the 13 papers8 explicitly discussing RQ2 (busi-
ness flexibility and the variability in the realization). Comparing these 90 quotes with
all 263 quotes, the strongest contextual coherence (Purpose, and Benefit or Challenge
in the same primary context)9 is still found in ‘Governance & communication’, but
significantly higher (45% vs. 26%). It is also interesting to note the shift of quotes from
‘Strategy & planning’ towards ‘Daily Operations’, and from ‘Mind-set and Knowl-
edge’ towards ‘Means’. We believe this is a natural consequence, as the purpose of
flexibility is promptly respond to change. This would also be a reasonable explanation
for why there are significantly more challenges (36) than benefits (8) reported for these
13 papers, indicating that solutions to achieve flexibility are still immature10.

The importance of contextual information is mentioned by seven studies [P8, P17,
P18, P20, P25, P51, P59], but no author goes as far as to suggest how to describe the

6 See Appendix D available at https://www.bth.se/wpcontent/uploads/2018/06/SLRBMFlexAppendix.
pdf.

7 We use the terms Assessment, Ends, and Means as defined by the Business Motivation Model
Version 1.3 (BMM) by Object Management Group, http://www.omg.org/spec/BMM/.

8 [P1] = [31], [P3] = [32], [P5] = [33], [P8] = [10], [P9] = [8], [P24] = [34], [P26] = [21],
[P27] = [23], [P32] = [6], [P49] = [7], [P52] = [25], [P54] = [22], [P58] = [24].

9 See Appendix E available at https://www.bth.se/wp-content/uploads/2018/06/SLRBMFlexAppendix.
pdf.

10 excluding the outlayer [P32] since it contains 25 claimed but unsubstantiated benefits and only 1
challenge.
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contextual information or represent the information. The underlying purpose reported
in the studies is contextually vague, e.g., ‘Deal with uncertainty’, ‘Meeting customer’s
needs’ [P2, P52, P54, P58].

Summarizing the most common challenge for papers explicitly discussing flexi-
bility is how to deal with the dynamics of business models [P5, P9, P32, P49, P54, P58]
and most of the quotes on challenges related to the non-existing solutions for gover-
nance (representation, simulation, assessment, decision-support, and feedback) of the
proposed frameworks and methods. Since governance is not addressed, each individual
method or framework may work in its specific context, but taken out of context or
combined with other methods to form a solution for an enterprise, they fail to deliver
the claimed benefits. The quotes of benefits are mostly unsubstantiated or claimed with
limited empirical evidence.

4.2 Business Modeling, Business Flexibility, and Variability
in Realization (RQ2)

Looking at the 90 quotes found in the 13 papers explicitly discussing flexibility, we
conclude that business flexibility is one of the core aspects in BM [P1, P3, P27, P52,
P58]. Succeeding in managing business flexibility increases competitive advantages
and performance [P58, P1]. It is essential to understand (and quantify) the value (and
cost) of flexibility to optimize the value creation and capture [P27]. Governance (intra-
company as well as inter-company) becomes the critical component to facilitate the
design of the business model, and link the strategy to the execution of the business
model by controlling and aligning the design and invocation of options [P24, P27, P32,
P54, P1].

Business flexibility as an option is discussed in the different contextual settings,
and on several abstraction levels [P1, P3, P27, P32, P58]. Reim et al. divide options
into business model options (chosen and decided during the business strategy devel-
opment), and tactical options (comprise all the choices after the business model has
been selected) [P3]. Many of these tactical options (contract, marketing, network, and
product design) are related to investing in software products and business processes,
e.g., integrating new IT systems like Product-Services Systems (PSS).

Mason and Mousas goes one abstraction level deeper and starts by categorizing
options as downstream and upstream relationships, discussing flexibility on three
abstraction levels, network (identify), company (develop), and individual (use) [P58].
Upstream has a network-focus with options related to the business model architecture
(transactional relationship, network influence, and corporate ownership) and tied to the
realization of the business by choosing resources, partners, and channels. Downstream
has a market-driven focus with options related to the business model focus (customer
focus, competitor focus, inter-functional co-ordination) and tied to understanding the
customer needs. Woodard et al. discuss options for digital business strategy by intro-
ducing the concepts of Design Capital (cumulative stock of designs owned by the
company) and Design moves (discrete strategic actions to optimize the Design capital)
[P1].

Richter et al. also advocate a modular design and discuss options regarding a
systems changeability (adaptability, agility, robustness, flexibility) by embedding
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flexibility early into system design [P27]. Flexibility must however not be an end in
itself, but a conscious compromise between cost and benefit. Osterwalder et al. high-
light the critical options managers make, when investing in IT for future strategic
business agility, and speculate that business models play an essential role in facilitating
such decisions [P32]. Neither of the studies proposes any details on how these concepts
could be implemented in an industrial setting to facilitate flexibility with help of
software.

Increasing flexibility is discussed in four papers [P3, P5, P8, P26]. Romero and
Molina argue that collaborative networks and experience-centric networks can increase
business flexibility and enable agility in dynamic and turbulent markets [P8]. By
highlighting the value of co-creation and collaboration across multiple interactive
channels, they illustrate how business flexibility can be addressed, but do not bring any
further details as to how to manage the flexibility, nor how to measure it. Chew
identifies service innovation, with a degree of service variability built into the services,
as a way forward to exploit new technologies [P5]. Modularity, platforms, components,
and interfaces are a foundation to meet the mass-customization requirements and
become faster and more flexible. He concludes that service innovation and service
architecture are not enough, but a corresponding modular organization and IT archi-
tecture is also required.

Papers [P3, P24, P26] argue that combining products and services into Pro-
ductService Systems (PSS) bridges business flexibility with the variability in the
realization, and provides individualized, customer-oriented configurations and potential
for mass-customization. However, PSS come with a new set of challenges (e.g.,
industrialization of service offerings) and are highly dependent on the continuous
integration of large IT and software solutions into the life-cycle of the business model
and organizations [P26].

Osterwalder et al. make propositions how the understanding of a business model,
with all its business choices, facilitates and improves goals, the requirement engi-
neering, and the choices of IS/IT infrastructure and applications will lead to more
effective and efficient solutions [P32]. However, they do not discuss how the business
flexibility is continuously transferred to flexibility in the realization and how these two
are aligned.

Summary: Our identified studies offer only partial approaches and solutions (for
BM) to manage the desired flexibility, and to facilitate pivoting in response to dis-
ruptive changes in the realization of the business model, e.g., products, organizations,
processes, contracts, governance.

Choosing the right options and governance is discussed by seven papers [P1,
P24, P27, P32, P49, P54, P58]. Kindstr¨om argues that understanding business flexi-
bility is a critical aspect, during the service-based model transition. However, he
provides no details and concludes that further research is needed how to industrialize
service offering to a larger scale, and how to deal with variability in realization [P24].
Richter et al. discuss flexibility in the context of uncertainty, contracts in use-oriented
business models, and IPSS [P27]. They perceive flexibility as the ability to react to
changes, and suggest a method to determine the value of flexibility. They discuss
(1) Real options for accessing flexibility and (2) Net options value of modularity in the
design, and conclude with the need for future research on a combined view on the
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design of an IPSS and business models. They stress a focus on the IPSS design with the
inter-company governance structure, since choosing the right flexibility, is crucial
controlling parameter when optimizing value in an IPSS. Similarly, Woodard et al.
recommend using a two-dimensional structure of real options and technical debt to
facilitate decision-making on options [P1].

Eurich et al. propose a six-step approach to business model innovation based on
network thinking [P49], to overcome the tendency of focusing on modelinternal con-
sistency rather than the specific business situation. They argue that in a component-
based structure, flexibility and explanatory power are lost, due to the abundant rela-
tionships, and often inexplicit dependencies between components and the dynamics of
the environment. A vital part of the approach is to understand relevant choices, to make
the options explicit, and to visualize relationships between these options. They do not
detail how to manage flexibility from all these options and aspects but do recognize
governance and early detection as shortcomings. Salgado et al. proposes a framework
based on processes, goals, and rules to facilitate and visualize the desired flexibility on
IT systems, but conclude their solution needs much research to become robust and
scale to industrial settings [P56].

Meier and Boßlau argue that there is almost no attention in research to the dynamic
aspects of business models (flexibility, validation, and implementation) [P54]. They
propose a learning feedback system that integrates business model engineering and
design, to transfer insights via a business model cockpit back into business model
innovation or re-design. They suggest using System Dynamics and diagnostic simu-
lations as a continuous design, validation and implementation of business models, but
offer no empirical evidence on the effectiveness or efficiency of their solution.

5 Discussion

As Schneider and Spieth pointed out, the literature provides little evidence that busi-
ness model innovation does improve dynamic capabilities and strategic flexibility
[P52]. They also recommend future research to measure strategic flexibility.

Our review confirms their viewpoint regarding flexibility and we argue that efficient
governance mechanisms focusing on continuously managing consistency and trace-
ability of options, need to be built into both business and software architectures, to
contentiously create and manage the required variability in realization. We also believe
the concept of changeability as forwarded by Richter et al. [P27], implemented with a
governance mechanism between business and software architecture, can play a pivotal
role for the operationalization of flexible business models.

Supported by our results [P26, P27, P49, P54], we argue that variability in the
realization is an important, but often overlooked aspect of business flexibility which
must be an integrated part in the BM analysis and design phases. Business complexity
and variability in realization should form a synergy and support conscious investments
decision in technology and organization [32]. This puts SIPD companies in a unique
position to invest in an optimal flexibility and software architecture for the business
model realization. Constraining factors like speed, time-to-market, cost and automation
levels, can be solved by software investments in any combination of the three aspects
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(1) tools for core business processes, (2) the development of SW products itself, and
(3) integration of the product into the ecosystem. From the results, we synthesized the
following trends:

– experimentation and operationalization of flexible business models to manage the
speed of change fueled by the digitalization of the value delivery [P1, P2, P9, P13,
P15, P18, P49]

– changeability and modularity as ways to strategically address all new roles and
values via choices to enable faster transitions from strategy to execution [P1, P3, P5,
P6, P23, P25, P26, P27]

– need for multifaceted optimization of business models, as fueled by new roles and
new values, complementing the more dominant single dimension of cost and rev-
enue [P2, P7, P8, P9, P26, P53]

Our results also reveal an underlying issue of inhomogeneous, non-systematic,
contextual descriptions. The importance of “The parts are not the Whole” is argued by
Osterwalder et al. [P32] and conclude their paper with “One of the shortcomings in
business model literature is that the different authors rarely build on each other.
Consequently, business model research as a whole advance more slowly than it could
and often stays at a superficial level”. Six years later Zott et al. still argue the same
[P29], and after an additional three years, H¨oflinger reaches similar conclusions [P9].
He proposes the following further research directions: (1) further investigation of the
business model concept itself, especially with regard to the coherence of the three
underlying structures and their interdependencies; (2) considering the dynamics of
business model change and innovation requires establishing governance mechanisms to
facilitate feedback loops between planning and execution. The first step towards
establishing such governance is to understand how change impacts existing business
model realization, i.e., describe and document change, so all aspects related to this
change can be addressed in the realization (organizations, rules, and IT systems). We
illustrate this with an example of introducing a new feature in a product at a large
organization to improve their agility and decrease time to market by 50%. The initial
requirement engineering work by the R&D department resulted in the estimated effort
of 2200 person hours. Later, this estimate exploded into a chain of business models and
organizational changes affecting own staff, partners, processes, IT systems, changed
policies in marketing and advertisement, as well as to change how the product is sold
and who should sell it. The total change was estimated to 43 000 man-hours over a
period of 7 months.

Since the full consequences of a change are greatly unknown until the change is
fully implemented, the change often triggers several new changes. The change life-
cycle is related to the realization life-cycle, and if new changes occur in already decided
changes that are still not (fully) implemented, a rippling effect and propagation of new
changes happen, rendering impacts and consequences hard to manage. Therefore, if the
speed of changes is faster than the time to implement all changes, a gap grows. As a
consequence, the initial business intent might not be fulfilled.

Inspired by the conversation theory by Pask et al. and the knowledge creation
process in a business context [35], we speculate that this process of change, when
integrated with the process of organizational learning, enables experimentation for a
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company (rapid and controlled transitions from idea to realization). The need for
learning and knowledge transfer is also highlighted by Mason and Leek to handle
dynamic business models [P46].

We, therefore, argue the necessity for having better contextual descriptions of a
business model construct. Inspired by the aspects of changeability and ideas presented
by Richter et al. on flexibility for use-oriented business models and value-based design
[P27], we propose a framework describing and documenting change by four change-
ability aspects (rows) and five contextual dimensions (columns), see Fig. 1. The white
oval indicates a change that is introduced, e.g. a new product that requires new functions
in marketing (=business function) to reduce time-to-market by 50% (=agility).

The key characteristic for this framework is to support experimentation and learning
while maintaining a practical and efficient level of control (over change) [P9, P15, P18,
P22, P36, P51]. That helps an organization to describe how a change propagates and
influences the other aspects of changeability and contextual dimensions. Each element
in the matrix contains one or several artifacts that are linked and related to real infor-
mation used in companies. To remain consistent, each matrix element needs to be kept
internally, vertically, and horizontally (IVH dimensions) consistent. For each change,
the process of maintaining consistency needs to be repeated over the IVH dimensions.
Hence axiomatization and efficient information representations are important.

To address the speed of changes challenge, we introduce the Right-time binding
concept, defined as a flexibility management function optimized for multidimensional
value. Right-time binding allows the invocation of specific options (i.e., choices related
to particular change descriptions) to allow runtime decisions rather than during system
design. Such flexibility does come at a price [P27], and Right-time binding becomes a
vital part of the governance mechanisms to simulate and visualize consequences of
choices (i.e., changes). It needs to be integrated into the governance mechanisms, the
business architecture as well as the software architecture, acting as a bridge between the
business model (strategy) and the operationalized business model (execution).

6 Conclusions

This systematic literature review explores business modeling and flexibility within the
lens of software-intensive product development. Digitalization of software business
fuels the diversity of strategic, tactical, and operational choices [36] during efficient

Fig. 1. Framework for describing and documenting change based on changeability aspects and
contextual dimensions
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business model realizations. The literature provides little evidence that business model
innovation utilizes changes to dynamic capabilities to improve strategic flexibility, and
our review confirms this viewpoint regarding flexibility. We argue that efficient gov-
ernance mechanisms focused on continuously managing consistency and traceability of
options, need to be built into both the business architecture and the software archi-
tecture. Business modeling, supported by efficient information management tools,
could become the bridge between the investments in software-enabled variability and
the desired strategic flexibility. As the next step, we propose a framework for
describing and analyzing change, based on changeability and contextual dimensions.
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Abstract. The existence of conflict of interests (COI) within different firms’
level of management is often cited as the reason for the relationship for low
information quality and ineffective decision making. We reveal how COI affects
negatively decision making through low information quality longer time to
produce information quality, shrinking optimal information quantity, and
increasing in the information cost. Although, COI has been studied extensively
by different organizational studies, there is no research showing how to measure
the effect of COI on information quality from mathematical modeling per-
spective. Since effective and efficient management decisions closely depend on
information quality, this paper provides the solutions to this problem.
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1 Introduction

Conflict of interests (COI) is one of the complicated organizational dilemma in current
organizational enviornment in which analyzing, investigating, and yet suggesting an
all-inclusive solution is demanding [4, 7, 9]. This paper shows that COI could affect
adversely the quality, quantity and cost of good information. Managers, at different
organizational level and to make critical decisions, need to access quality of infor-
mation at a reasonable cost on-time. To show how COI affects the information quality
and the negatively impact on business sustainability thorough increasing different
business risks, this paper measure the COI damages and provides solutions to decrease
or mitigate the effects.

Information and assets are two main resources almost all enterprises requiring to
protect them are part of management responsibilities through designing and imple-
menting an effective internal control system. By considering that information is an
integral part of decision making process, the question that how COI can affect nega-
tively on this process would be a significant research question. COI is one of multi-
faceted ethical problems within organization and measuring how and in what extent
COI can affect management decision making gives a tool for manager to handle the
problem. The purpose of this study is to measure what aspects of the information are
more affected by COI and how the cost and time to produce the reliable information
would be increased [14].
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One argument in corporate governance is the impact of COI on ownership structure
[3]. The importance of corporate governance practices to reduce the COI between
managers and shareholders is to reduce earning management techniques. Regardless of
considering frauds or illicit acts, earnings management would negatively affect the
usefulness of annual reports presented by management to users, which later users apply
the information as reliable way for the user decision-making process. Net income is one
of the users’ sensitive information lead to make judgments about managers in which
can be manipulated through earning management techniques because of COI.

The issue of COI is not neglected by the US legislations. The Sarbanes–Oxley Act
(SOX) of 2002 approached to the subject of COI in four sections: Section 206 (audit
independence), Section 402 (financial disclosures), Section 406 (code of ethics for
senior financial officers), and Section 501 (securities analysis). Section 206, 402, and
501 of the Act amended to Section 10A, 13, and 15C of the Securities Exchange Act of
1934. SOX (2002) highlighted the importance of COI in corporate governance, audit
independence, financial disclosure, ethics and professional conducts in these sections.
However, section 404 of the Act clearly says that management is responsible to design,
implement, and maintained an effective and sound internal control system. The main
purpose of the system is to protect assets and producing reliable and quality infor-
mation. The cost of internal control system assumes to lower the cost of producing
quality information. However, to produce more reliable and relevant information, firms
pay for assurance services (e.g. audit of financial statements, review, etc.) and non-
assurance services (e.g. consultancy, tax, etc.).

The rest of this paper organized as follow. First, this study reviews current literature
about the effects of COI on information quality. From Sects. 2, 3, 4 and 5, our emphasis
will be given to those COI aspects that affect greatly on enhancing information quality
by looking at reducing information cost, cutting delay in delivering of the information
(timeliness), and optimal quantity of the relevant and reliable information. Also the link
between COI and corporate governance theories would be shown by analysis of some
relevant cases and provide solutions to remove or mitigating the effect of COI on
corporate governance mechanism. Discussion part will be presented at section seven
and conclusion in the last section.

2 Information Quality

Management decisions, to have effective and efficient corporate results, vastly depend
on information quality. Information quality should have those characteristics that is free
from material misstatements, errors, frauds, but are also timely, complete, reliable, and
relevance. Eventually, eliminating COI will cause manager to make great decision to
bring valuable corporate results for the organizations. When information quality is
integrated with professional management skills, then immense benefits should be
normally great success the organizational goals. Information quality depend heavily on
data quality. To be relevant and reliable information, the amount of information,
timeliness and cost of the information supposed to be at the optimal points. That is,
information quantity would be at the optimal points, producing the information cost is
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less than information benefits and the time of information availability to the decision
makers is at the right time of management request.

Nelson detailed the different losses of COI within every organization. The fol-
lowing table shows three categories and effects of the losses: operation, legal and the
public relations through direct, indirect and long-term effects [11] (Table 1).

As the table implies, the COI deteriorates the information quality due to secrecy.
The COI push the information producers have preference not to show all sufficient,
relevance and reliable information as revealing the information will act against their
benefits. Thus, hiding of that quality information protect their benefits and damage
other interested group in the organization. One of theories in information quality
emphasizing on COI and degree of information quality is the information asymmetric
theory.

2.1 Theory of Information Asymmetry

Information asymmetry theory is based on the study of Akerlof (1970) in which the
behavior of buyers and sellers of used goods is analyzed by abandoning the hypothesis
of perfect information on the market and assuming the contrary, the uncertainty of
regarding the quality of products purchased [1]. The arguments of Akerlof result by
analyzing the market place of some product where the seller has more information
about the quality of products than the buyer. Akerlof concluded that hypothetical
information difficulties can lead either to the collapse of the entire market, or to its
transformation by adverse selection, being chosen the poor quality products instead of
the higher quality ones. Initially, the theory of asymmetry information marked the first

Table 1. Organizational losses of COI

Loss
categories

Direct Indirect Long-term

Operation Staff time Staff time Staff burnout
Ethic consultants
time

Staff & consultants
stress

Staff turnover

Staff consultants Additional staff needed
Decreased staff moral

Legal Legal consultants Staff time Additional staff needed
Legal fees Staff stress Budget adjustment
Settlement fees Reputation risk Higher malpractice costs
Court charges

Public
Relation

Public relationship
time

Rebuilt public image Negative public image

Consultant time Staff work diverted Loss of market share
Advertising costs Staff morale and

stress
Decreased philanthropic
support
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research in the field of buyer behavior but then rapidly expanded in financial theory and
considerably affected the classical theories of the firm [2].

The hypothesis concerning the informational asymmetry is closely related to the
agency theory and to the existence of agency relationships. Dividend and other
financing policies adopted by directors would create different interests between the
directors and shareholders. In this context, the rational for dividends paid to share-
holders is provided, although it is known that they will pay an additional tax for this
additional income. An answer in the “signaling” theory area is that dividends can be a
good sign for future investments, the investor pay more for a share because, on the
market, a big level of dividend is interpreted as a good sign which will mean a higher
price of the shares. Likewise, “signals” of a strong company can be emitted through
debt policy because it is considered that a strong company is one which can afford a
high rate of indebtedness in order to finance ambitious investment projects. In con-
clusion, effective corporate governance will determine the reduction of informational
asymmetry effect and prevent the manifestation of unfair actions of the managers to
gain prestige and reputation but affecting the company’s growth.

2.2 Agency Theory

One of central corporate governance theories is agency theory, known as principal-
agent problem. The fundamental theories related to agency theory that can be closely
associated with corporate governance are steward theory, hazard theory, stakeholder
theory, resource dependence theory, transaction cost theory, political theory, and eth-
ical theories. Agency theory describes relationship between the owners of a company
and its managers, the agent based on a contract which the first part (the principal)
engages with the second part (the agent) to perform stewardship service on behalf of
the principals [8].

Alleging the interests of managers and shareholders should be through corre-
sponding interests of managers in their decision-making circumstances with share-
holders’ objective of maximizing the company value. The agency costs could be
mitigated by, such mechanism as dividend payout, salary or remuneration package,
regulatory mechanism, ethical and moral trainings etc. Third, Pérez, (2015) demon-
strated that financial reporting depends heavily on presentation of valuable information
in term of enough information quantity and quality that this will increase a firm’s
reputation [12]. COI between managers and owners of entities cause opportunistic
behavior will end up with minimizing instead of maximizing the owners’ benefits.
Moral hazard would be in form of being secret actions and opportunistic behavior
represented in asymmetric information. The COI eventually cause unfavorable result
such as worse performance and even business failure.

3 Information Cost

First we show how much does producing quality information cost. Producing quality
information has two components: basic cost and premium cost. Basic cost is the cost of
producing quality information at basic level of reliability and quality. A reasonable cost
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contains fundamental part that without the information, decision cannot be made or
useless at all. The cost of producing basic information supposed to be fixed cost; that is
a certain amount of money to spend produce the information. However, the information
to be useful for decision making, extra cost need to be spent to make the information to
be at the primum level, very useful for making high quality decision(s). The premium
part is a variable cost, depend on the quality level. Total actual information cost
supposed to have two components of basic actual which is a fixed cost (BFCa) and
actual premium cost which is a variable cost (BVCa), then:

TICa ¼ BFCa þ PVCa ð1Þ

To have high quality information, entities should pay extra cost of the information
contain two important characteristics: relevance and reliability. TCrel defines as total
cost to produce relevance and TCreb defines as total cost to produce reliable infor-
mation. So, formula (1) expands to:

TICa ¼ BFCa þTCrel þTCrev ð2Þ

Each TCrel and TCreb are only variable parts. The d and u are the slopes of variable
cost of producing relevance and reliable information. The formula can be expanded for
total cost incurred due to reliability and relevance as:

TICa ¼ BFCa þ Q � dð Þþ Q � uð Þ ð3Þ

Formula 3 can be extending to formula (4):

TICa ¼ BFCa þQ dþuð Þ ð4Þ

Proof. When there is COI, the slop of d + u is determent of costs depend on the Q
which is the quantity of the information needed to remove the COI. Companies cannot
reduce basic fixed information costs but the Q(d + u) would be depend on mitigating
COI effects in the organizational culture. The lower the Q, the information costs would
be reduced by lower (d + u).

Transaction cost theory is relevant to our discussion and linked to information cost
conception. Transaction cost theory is defined as operating costs of the economic
system. By considering Arrow and Williamson discussion, information cost should be
an vital part of transaction cost. In contrast to the agency theory, transaction cost theory
concern about the efficiency of the corporate governance in maximizing the owners’
wealth. This theory works as a mechanism to control information costs. If a company
structure align with relatively efficient hierarchical shape, then the contractual rela-
tionships between the agent and principal should be at the lowest COI level. If the
transactions incurred should be in ally with efficiency of governance structures, then
information costs should be at the lowest level. Therefore, one effect mechanism to
control information cost would be under the transaction costs justifications. An
example of the transaction costs is the cost of designing an efficient and effective
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internal control systems by management in which will be controlled by the audit
committee and external auditor annually.

In formula (4), if BFCa is defined as the cost of designing and implementing
internal control systems accompanied with supervision of the audit committee as
required by SOX section 404, then Q(d + u) would be the variable part. The variable
part is the cost of internal and external auditor and it is variable due to the size of
information which is determined by the size of the company. Normally, big firms pay
higher audit fee than the small to medium-size companies. In fact, the relevance and
reliability of the financial information presented by manager to the users depend on the
investigation of external auditors. Thus, the formula can be extended as follows:

TICa ¼ ICST þQ IACp:u þEACp:u
� � ð5Þ

Where:
ICST = Internal Control System at total costs
IACp.u = Internal auditor cost per information unit
EACp.u = External auditor cost per information unit
Q = the size of information depends on the number of transactions

COI causes information cost to be increased as results of cost of internal and
external auditors. The complexity of determining information costs amplifies when the
COI integrated with the core of the corporate accounting frauds and characterized with
the corporate governance issues. Corporate board of directors uses monitoring mech-
anism through internal and external auditors as gatekeepers. Internal auditors and audit
committees are internal corporate governance gatekeepers. The external influence
through two groups: external auditor (i.e., CPAs), regulatory agencies such as gov-
ernment (e.g., the SEC through PCAOB) and nongovernment regulators (e.g., the New
York Stock Exchange).

4 Optimal Information Quantity

The Optimal Information Quantity (OIQ) is defined as disclosure of the optimal amount
of information to be available to make effective and efficient decision(s). First, the cost
of producing OIQ should be at least equal to or less than the benefit of the OIQ for
every firm. Second, determining the OIQ requires a professional judgement which
require to be differentiated from industry to industry, size and nature of enterprises or
businesses. Therefore, for most of the firms, having an indication or measure of the
optimal amount of producing information would be helpful to make reasonable
decisions.

Refer to the above discussion, to compensate of the extra information costs, TIC or
total actual information costs should be equal to the total benefits of producing the
information. TIB is total information benefits which is either risk-free or low level risk
information. In fact, similar to produce any commercial goods or services, producing
information has its own cost and therefore it should have the benefit more than its cost.
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Therefore, TIC should be at least equal or more than TIB to be considered as cost-
benefit effective action;

TICa ¼ TIBa ð6Þ

The TIBa is defined be equal to Q�c in which c is the slope or the benefit per unit of
producing the information and Q is the quantity of the information or OIQ.

TIBa ¼ Q� c ð7Þ

To make it abbreviate, we use Q. When formulas (4) and (7) are expanded then we
have:

Q � c ¼ BFCa þQ dþuð Þ ð8Þ

BFCa ¼ Q:cþQ dþuð Þ ð9Þ

To determine how much quality information to be produced that equal total cost of
producing to total benefit, mangers must use the formula:

Q ¼ BFCa

c� ðdþuÞ ð10Þ

We call c − (d + u) = CM or contribution margin of producing useful information.

Proof. Regarding to applicability of the formula 10 and compliance risk for producing
reliable financial statements for the users, is defined as the cost of design, implement
and maintain a sound internal control system for a firm. Suppose the cost is $150,000
and the cost of external audit (BFCa) for reducing the information risk and other non-
assurance services (d) for producing more relevant information quantitatively is
$100,000 and $50,000, respectively. for making the reliable and relevant information.
Both and j reduce the information risk. Information risk is the risk of information
contained with wrong fact in which causes making wrong decision. If the quantity
number of transactions proceeded by the system was 50,000 transactions last year, then
$2 and u is $1 per transaction prospectively. To find we assume a firm will be benefited
of producing the optimal amount of the information of reducing the compliance risk.
For example, for taxation penalization charges, if we assume the amount is, in average,
$450,000, then would be $9 per each transaction. Putting all the information in the
formula 8, then optimal number of transactions to be produced and cost effective for
the year would be 25,000 transactions per annum. At least, a firm with the above
information should produce the number of transactions to reduce the risk of compliance
and information.
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5 Timeliness

Under the efficient markets theory, transparency of information to the main stake-
holders at the right time is a crucial element of an effective and efficient corporate
governance. Transparency of information not only about quality and quantity of the
information but also revealing of the information at the right time. Quality of the
information combines the relevance and reliability characteristics of the information
with the quantity for supporting understandability of the information [6]. However, any
day delay causes the information to become less effective and injure effectiveness of
decisions of the stakeholders [5].

Real time access to the information is a crucial factor influences on the information
value. This issue highlighted by section 409 of SOX ACT 2002, which issuer to disclose
to the public on a rapid and current basis. Right decision(s) should always bemade at the
right time. It is plausible that COI cause delay in providing the information at the right
time to decision maker to prevent financial reporting failure [13]. Thus, it convinces to
assume a negative relationship between delay in issuing the information at the right time
and information value. If the current value of quality information lessen by passing time,
then the question to answer is at what rate the information quality diminished. Suppose

Ir = Information at the right time
Iw = Information at the wrong time

The following figure shows that the value of information at the right time Ir = a �
r−t. By assuming that information value is at the highest point of a, then as delay in
issuing the information occurred, the information value would be decreased and
eventually to become zero at e point.

Thus, the difference between tr and tw is called delay time and the delay rate is −t. to
be more accurate, the relationship assume to be non-linear. To measure how long will it
take that the value of information, we developed the model. If

IVr = information value at the right time
IVw = information value at the wrong time
rr = rate of negative return per day at the right time
t = delay time to make the information value at the right to zero

t ¼ InðIVrÞ � InðIVwÞ
Inð1þ rÞ ð11Þ

If lim
t!d

IVw ¼ 0 where t is the day when the information value would be zero, then

the formula change to:

t ¼ InðIVrÞ
Inð1þ rÞ ð12Þ
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Figure 1 presumes, based on the paper, the negative effects of COI and information
quality by looking at the three important characters: optimal quantity, time and cost.

6 COI Solutions

This section provides solutions to COI problem and answer the question of how to
minimize the COI effect(s) on timeliness, cost and optimal quantity of information by
refer to the equations developed in this study. Refer to formula 4, if Q considers to be
constant, the information costs would be reduced by lower (d + u). Indeed, if (d + u)
suppose to be constant, then Q should be lower to reduce COI. Regarding optimal
quantity of information, if c should be more than (d + u). By refer to Eq. 10, the
bigger c, then Q would be lower, therefore, this would be more economical for entities.
By refer to Eq. 12, companies should elevate In(1 + r), in which precisely this means
that r should be higher.

7 Conclusion

This research mathematically showed how to measure COI and how it negatively
impacts on management decision making by decreasing optimal information quantity,
increasing information costs and make a longer period to produce quality information.
While the interior effect of COI on management decision and entities performance has
been examined extensively in management and other disciplines’ literature, little is
known about how to measure the harmful effect of COI on information quality. This
study has provided evidence which suggest the ways of decreasing the negative effects
of COI on information quality. The results therefore largely support many other
empirical studies of the effect of COI on management decision in form of lowering
information quality.

Fig. 1. Theoretical framework of COI effects on information quality
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Abstract. Producing relevant and reliable accounting information is the main
responsibility of accounting profession. Reliability and relevance of accounting
information heavily depend on a sound internal control system as well as
management and employees ethical and integrity characteristics. This paper
shows how Artificial Intelligence innovatively works with the internal controls
systems to help managers to produce high-quality accounting information by
reducing information risk. Despite many types of research proposed using
Artificial Intelligence in accounting and auditing, but none of them directly
showed how to reduce information risk using Artificial Intelligence. The
research benefits companies cut many costs and losses of failing to produce
reliable accounting information, help managers to make a better decision and in
overall improve entities performances. This paper proposes a general model to
be applied by all type of business entities how practically use Artificial Intel-
ligence to automate removing the weakness of internal control systems. This, in
turn, reduces control risk, detection risk and increase audit quality by reducing
accounting information risk.

Keywords: Artificial intelligence � Accounting information
Internal control systems � Reliability � Relevance

1 Introduction

The Institute of Chartered Accountants of England and Wales (ICAEW) issued
“Artificial intelligence and the future of accountancy” article in 2017 and addressed
applying and using this technique in accounting and auditing profession. ICAEW
viewed from many successes in three perspectives: long-term visions, understand
technology and application for accounting. Designing and developing knowledgeable
organization using artificial intelligence technique is growing rapidly [21, 26]. All
companies in the global business and economy deal with technology issues to survive
in which Artificial Intelligence would be an appropriate solution for this problem [16].
Global Survey in Artificial Intelligence (2017) Forrester Research has predicted a
“greater than 300% increase in investment in artificial intelligence in 2017”, compared
with 2016, a testament to the sector’s rapid global growth. [25] banking and manu-
facturing would be more benefited from Artificial Intelligence. Artificial Intelligence
application in accounting includes big data analysis, produce accurate, reliable, and on-
time accounting information for the users. Brown et al. (1995) considered that Artificial
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Intelligence impact significantly on accounting and auditing practices as well as
internal control structure [5].

In long-term vision Artificial Intelligence helps accounting profession by focus on
purpose of accounting profession for organization which is to use accounting infor-
mation to make good decision by users of the information. In exploiting powerful
technologies, think radically and being adaptable. In understanding technology, Arti-
ficial Intelligence helps human decision-making, strengths of machine learning, and to
utilize the decision process of enterprises information management.

Accounting systems are moving very fast toward being more integrated with and
intelligent logic through applying Artificial Intelligence [6]. Since the purpose of
accounting profession is to provide relevant and reliable financial information for
various users to make useful decisions, using Artificial Intelligence to produce such a
reliable and relevant information would be more supportive. However, accounting
systems are significantly depending on the internal control system to produce such a
reliable information. For this reason, investigating how Artificial Intelligence help
managers to remove weaknesses of internal control system to produce useful
accounting information for the users would be questionable. This paper will show how
Artificial Intelligence will enhance the efficiency and effectiveness of internal control
system in producing highly reliable accounting information.

Artificial Intelligence is a mix of software and equipment as a substitute for human
intelligence enable to solve complex business problems using reasoning, learning,
elucidating, and recognizing patterns same as human expert. Artificial Intelligence uses
expert system instead of expert human and apply machine intelligence instead of
human intelligence. Artificial Intelligence has great impact on helping manager in
making decision by reducing repetitive decisions, providing more precise information,
simplifying complex decision factors, and fact processing data analysis [24].

The benefits of Artificial Intelligence in the future of accounting including reducing
automotive tasks, increasing produced reliable financial information, simplifying
complicated accounting and auditing cases, more accurate and precise information and
timeliness for decision makers [5]. The gap in the literature shows that how Artificial
Intelligence can reduce accounting information risk to increase confidence of the
information users. This paper aims to address the gap of role of Artificial Intelligence in
reducing accounting information risk.

The purpose of the study is to see how Artificial Intelligence help companies to
remove internal control weaknesses to produce reliable accounting information.
Although, there are many research about the importance of the Artificial Intelligence in
business decision making but there is not any research show how Artificial Intelligence
can improve the quality of accounting information by strengthens of the internal control
systems. The rest of the paper is organized in this way. Frist, we review literature about
the use of Artificial Intelligence in accounting and auditing profession. Then, we show
how Artificial Intelligence can be applied in developing and designing internal control
system to produce reliable accounting information. Finally, the paper shows how
Artificial Intelligence can reduce the accounting information risk.
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2 The Importance of Reliability of Accounting Information

According to Maines and Wahlen (2006) reliability is an essential characteristic for
accounting information which is useful for decision making and it represents the extent
to which the information is unbiased, free from error, and representationally faithful
[22]. To achieve this, one of the crucial factor is to establish a strong internal control
system. SEC defines internal control as ‘a process, effected by an entity’s board of
directors, management and other personnel, designed to provide reasonable assurance
regarding the reliability of financial reporting’. As stated by Elbannan (2009) the higher
the quality of internal controls over financial reporting, and thus user better trust on the
reports for making better decision [12].

One of the main problem in producing low quality accounting information is
related to the weakness of internal control systems. The Sarbanes-Oxley Act of 2002
highlights the importance of information system controls by requiring management and
auditors to report on the effectiveness of internal controls over the financial reporting
component of the firm’s management information systems [12]. One of the main reason
for weakness of the internal control systems is related to poor corporate governance.
Also, cost-benefit constrain may impact the developing, designing, implementing, and
maintain an effective internal control systems [14].

To deal with removing weakness of the internal control system have been resear-
ched by many studies (e.g. see [6, 9, 12]). After initiating SOX 2002, the management
of the companies, auditors, audit committee and SEC as well as PCAOB have paid
more attention to the issue of removing weakness the internal control system [20].
Also, modern technology helped business enterprise to reduce the weakness of the
internal control system. However, using effective innovate means such as Artificial
Intelligence is more predictable then before.

There are a handful of research in accounting and auditing showing how Artificial
Intelligence application to help to uncovered relationship between those variables
affecting accounting information [18, 28]. Artificial Intelligence help better to cover all
variables involved with a problem and not just cover a few of them in solving
accounting and auditing dilemma. Artificial Intelligence would be one of the solution to
remove weakness of internal control systems. Generally, Artificial Intelligence use the
multitude of related technologies and then integrating those technologies into full
solutions. Kahraman, et al. (2011) showed how intelligence techniques have been used
in information management systems [16]. Artificial Intelligence use Intelligent decision
support systems (IDSS) to automate performing and running activities. IDSS term
describes decision support systems that heavily rely on using artificial intelligence
techniques. The intelligence techniques used in enterprise information management
(EIM) such as fuzzy set theory (FST), multi-agent systems (MAS), neural networks
(NNs), genetic algorithms (GAs), ant colony optimization(ACO) and particle swarm
optimization (PSO) (Ibid). For example, fuzzy logic and theory and neural network
used for auditing research to predict fraud and improving audit quality (AlAli et al. [1],
Beynon et al. [3]).
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3 The Role of Internal Control Systems

The main purpose of almost every internal control system is to manage risks factor that
prevent an enterprise to achieve their strategic goals. Every organization aims to
achiever their strategic goals by designing, developing, implementing and maintaining
an effective and efficient internal control systems. According to SOX (2002), man-
agement of publicly listed company is responsible to develop and maintain an effective
and efficient internal control system. Figure 1 is an adjusted model of Ling’s study that
shows a dynamic internal control system.

According to Ling [20] and as the Fig. 1 shows, internal control systems can be in
optimal position by continuous internal control assessment and improvement. This
could be achieved by applying COSO framework. According to Länsiluoto et al. [19]
the COSO of the Treadway Commission has issued two globally recognized internal
control frameworks. The first is Internal Control – Integrated Framework, and was
published in 1992 and the second called COSO Enterprise Risk Management, issued in
2004. The frameworks of both are based on a conceptual framework compatible with
COSO ERM (2004). COSO identifies that a central role of internal control is “…a
means to identify and analyze risks, and to develop and manage appropriate responses
to risks within acceptable levels and with a greater focus on anti-fraud measures….”
Internal control has three types of objectives; operations, reporting, and compliance
objectives [17].

Fig. 1. Modified Ling [20] model
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CEO and CFO of public company’s top management, has a responsibility to report
through the management report on the effectiveness of internal control over financial
reporting [13]. In internal control theory, the more stronger is the internal control
system, the more reliable and high quality would be the accounting information and
financial reporting. That is why external auditors should examine and report on the
internal control effectiveness and efficiency along with audit report about the financial
statements. Also, internal auditors, working under the audit committee, continuously
monitor the issue and report to the committee on on-going basis.

The main weakness of internal control systems in every organization is related to
the system disability to protect the assets and producing reliable and relevant
accounting information. The system, at risk, allows fraudulent financial transaction
being processed to the system in which produce unreliable accounting information. In
this case, control risk would be high and auditor should be notified of detection risk.
Thus, all those material misstatements that internal controls could not detect them, the
auditor should find them by control test and in the worse case by increasing audit
evidence in which will increase audit costs.

4 Internal Controls Systems and Information Reliability

In July, 2002, the United States government approved the Law Sarbanes-Oxley Act
(SOX) in response to a wide range of financial scandals (e.g. Enron, WorldCom, etc.);
one of the concern was about the internal control system strengthens and improving the
accounting information quality. The general theory drawn from the law was based on
the interaction between good corporate governance mechanism, strong internal control
system, and high level of auditor’s independence to produce reliable accounting
information.

Canelas et al. (2013) raised the question about how information technologies
through Artificial Intelligence can help and support decision making related to the SOX
mandates [7]. There are two type of studies; one before the SOX Law and another one
after the law introduced. The studies showed how companies concern about publishing
truthful financial reports and suggesting some intelligent systems to support external
auditors in their decision making processes to state if those reports were truthful or not.
AI should help managers to produce the information in which would be more trustable
for the users. This could be by removing and resolving complicated situations through
Artificial Intelligence such as weakness of internal control system of cash, inventory,
etc.

Doyle et al. (2005) studied the relationship between weak internal control and
increased opportunities for intentional earnings management techniques and uninten-
tional accounting estimation errors [11]. If Artificial Intelligence can strength the
internal control systems, then the opportunities for intentional mistakes would be
decreased. In turn, this will decrease control risk and higher the quality accounting
information for the users.

Artificial Intelligence, in current high-powered technology, should help managers
to remove weakness of internal controls through recognizing, analyzing and removing
those weakness and then provide final solutions with more accurate and quick remedies
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before many damages incurred to the entity. Artificial Intelligence can reduce the
accounting information risk by removing the weakness of internal control systems
through the following solution. Artificial Intelligence can sense the weakness, com-
prehend the main problem, and do actions for removing the weakness through a
programed expert decision making automatically [2].

4.1 Sense

Sense is similar to a border-control kiosk that uses computer vision technology such as
facial recognition to uncover characteristics of weakness of internal controls. When this
integrated with other technologies such as multispectral image analysis (e.g. video
analytics, extensive information database and matching algorithms) it removes main
weakness such as those related to inventory control systems.

4.2 Comprehend

Artificial Intelligence system also use technologies such as natural language process-
ing, inference engine and expert systems to overcome the weakness of internal control
system. Each of the technologies can be used through different applications. Date
gathered from the sense section should be used by the technologies to be analyzed for
the next section which is Act section.

4.3 Act

An Artificial Intelligence system acts in two ways; independently and in process. If
Artificial Intelligence can work independently in regard to removing the weakness of
internal controls, the Artificial Intelligence help to act this job without any human
interfere to find, analysis and to decide how resolve the weakness without any human
assistance. If the weakness suppose to be removed in process, then this kind of act
would be applied for those internal control systems with discrete functions.

Artificial Intelligence, by reducing control risk, will be able to reduce auditor
detection risk and acceptable audit risk. Detection risk is determined by dividing
acceptable audit risk divided by inherent risk times control risk. Control risk is the risk
related to weakness of internal control systems. Thus, Artificial Intelligence by
reducing the control risk, this automatically reduce audit risk, increase audit quality,
and therefore, reduce information risk for the users of the accounting information.

Moudud-Ul-Huq (2014) evidenced from Welch et al. (1998) study to introduce
genetic algorithms as a potentially useful application by auditor for modeling fraud
decisions [23]. Lensberg et al. (2006) applied genetic programming to bankruptcy
prediction. This may also be useful in going-concern decisions when auditor form
opinion on client with unpredictable business future. Neural networks have been
proposed as a good application for a range of audit tasks. Due to their ability to model
nonlinear relationships and handle incomplete data, neural networks may be particu-
larly helpful for risk assessment tasks.

Koh et al. (2004) suggested the use of neural networks and data mining for going-
concern predictions. They discovered that neural networks and decision trees are
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powerful tools in analyzing the complex, nonlinear and interactive relationships
involved in going-concern analysis [18]. Fuzzy systems may be particularly useful for
some audit tasks because of their inherent allowance of qualitative factors. For mate-
riality decisions, this may be much better than typical quantitative rules of thumb
(Comunale et al. 2005).

5 AI and Internal Control Systems

Moudud-Ul-Hug [23] listed ten subjects of accounting topics that can be integrated
with Artificial Intelligence. Those subjects are credit authorizing and screening,
mortgage risk analysis, financial and economic analysis, risk rating of exchange traded,
detection of regularities in security price movement, prediction of default and bank-
ruptcy, risk analysis of fixed income investment, detection of management fraud,
machine learning techniques to automatically identify characteristics of fraud and
artificial intelligence in marketing.

Using Bataller and Harris [2], we provide a practical model of using Artificial
Intelligence to be applied for producing quality accounting information through miti-
gating weakness of internal controls in almost every industry. The following matrix
shows managers to think and consider what type of internal control weakness can be
automatically removed or augmented by Artificial Intelligence solutions.

The matrix in Fig. 2 shows two dimensions of data and work complexity. Both of
the two dimensions should be considered from automation and improvement of internal
control function perspectives. Automation of routine tasks can improve overall pro-
ductivity in producing accounting information and effectiveness of internal controls.

Efficiency model characterizes with more toutine activities based on those rules,
procedures and criteria that make internal controls to be stronger. The main goal is to
design those controls that satisfy cost-benefit, quality performance and apply consistent
in removing the weaknesses. In these Artificial Intelligence solution, humans involve
with monitoring the accuracy and how the rules need to deal with the business con-
ditions change. Machine learning capabilities should be applied for such rules. For
example, with a minimal amounts of human intervention, internal controls monitor
online data validity by applying codified knowledge and logic and make decision about
accuracy and reliability of the data.

In expert model, Artificial Intelligence integrate judgmental tasks about how to
remove the weakness of internal controls. Exactly like a financial advisor, the model
provides the best solution based on the reality of the system condition and data,
automated analysis and find the best solution robotically will be applied. Such system is
able to search vast data sources, and making inferences and provide recommendations
based on the knowledge. This model is similar to a medical diagnostic system which
doctors find patient solution by testing different medical intricacy, the doctor judgement
finally will be reported. Therefore, using natural language techniques and automated
data analysis and searching, Artificial Intelligence will produce solution(s) for the
weakness of the internal controls without need of human to intervene and judgement.

Effectiveness model suggests improvement in overall ability of the internal control
systems to produce reliable and relevant accounting information. This require to design
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the model based on a considerable amount of knowledge about the business entity
characteristics, the regulatory and legislative environment, and industry specification.
In this model, the system should assure that all transactions and accounts are updated
on ongoing base and automatically uses can access to the information through virtual
agents. Users of the information are increasingly using agents such as Google now on
their smartphones. Technologies such as natural language processing or speech
recognition allow searching the internet and finding the answers in form of a formatted
report.

At the innovative model, Artificial Intelligence solution allows to generate new
control methods, objectives, and methodology by recommendation based on current
control environment. An example of how Artificial Intelligence can augment creative
controls is an intelligent software that it can analysis a control activity and then provide
recommendations to increase the likelihood that the control will be at risk. Also, the
model should prevent those earning management techniques by analyzing transactions
and account balances. While humans make decision and act, technology helps identify
alternatives and optimize recommendation [2].

Risk and regulatory compliance should be considered in two models; efficiency and
expert. One of the major risk in today business is the risk of violating on not compliant
with law and regulation. Artificial Intelligence techniques such machine learning could
be used to automatically detect and identify the risk. Also, expert system could be used
to find, analysis and generate solution using machine learning techniques.

Fig. 2. AI model for internal control systems. Source: Modified from Bataller and Harris [2]
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6 Conclusion

To conclude, this research has contributed to knowledge in the following ways. First,
the issue of using Artificial Intelligence in removing internal control systems weakness
to produce quality accounting information initiative raised by this study. Second, to
achieve this, a joint-working of accounting profession with Artificial Intelligence
expertise to functionally developing software as well as applications for specific
internal control systems are inevitable collaboration. Using Bataller and Harris [2], we
provide a practical model of using Artificial Intelligence to be applied for producing
quality accounting information through mitigating weakness of internal controls in
almost every industry. Efficiency model characterizes with more toutine activities based
on those rules, procedures and criteria that make internal controls to be stronger. In
expert model, Artificial Intelligence integrate judgmental tasks about how to remove
the weakness of internal controls. Exactly like a financial advisor, the model provides
the best solution based on the reality of the system condition and data, automated
analysis and find the best solution robotically will be applied. Effectiveness model
suggests improvement in overall ability of the internal control systems to produce
reliable and relevant accounting information. At the innovative model, Artificial
Intelligence solution allows to generate new control methods, objectives, and
methodology by recommendation based on current control environment.
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Abstract. This study tries to address the literature gap of what blockchain can
offer to businesses in relation to consumers (B2C), businesses (B2B) and
governments (B2G) through systematic literature review on blockchain. The
review covers 40 articles from business, management and accounting peer
review journals recognized by Scopus database. The review highlights how
blockchain will facilitate instant payments, trusted interfaces and traceability of
goods for the consumers. Businesses can use blockchain for snapshot sharing,
machine-to-machine transactions, accounting, business process management
and provenance traceability. Blockchain technology creating new business
opportunities in government sector such as digital storage, authentication and
maintenance of records; smart trust codification; new market for digital payment
services and global commerce.
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1 Introduction

Blockchain is a disruptive innovation [19, 26, 35] which can revolutionized organi-
zations and offers various applications. Initially blockchain had emerged for the
financial sector [22, 28]; but now researchers, academicians and industries are
exploring blockchain for other applications in different sectors. Bitcoin was the first
application built on blockchain which had facilitated money transfers and e-commerce
activities [12].

Blockchain is a decentralized, permanent, transparent, immutable, trusted, peer-
topeer transaction ledger systems [14, 18, 38] supported by algorithmic trust and
distributed consensus mechanism which enables (a) secure information sharing;
(b) long term preservation of digital records; and (c) verification and validation of
digital transactions.

Blockchain projects had been initiated in multiple industries such as banking,
insurance, supply chain, renewable energy, real estate, healthcare and many more [5].
Decentralization and disintermediation of blockchain is leading to ubiquitous com-
merce [38]. Blockchain is an attractive technological solutions for: (a) proof of
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ownership; (b) trade ability; (c) trust among peers for real time transactions;
(d) increased reliability; and (e) resilience to external threats [38].

Literature highlights technology features leading blockchain to technological
commonwealth [19]: (a) disintermediation; (b) trustless exchange; (c) increased user
control of information; (d) durable, secure decentralized networks; (e) transparency and
immutability; and (f) maintenance of high‐quality and accurate data; and also highlights
technology features leading blockchain away from a technological commonwealth:
(a) unresolved technical challenges; (b) unsettled regulatory environment; (c) cyber
security and privacy concerns; (d) challenges to widespread adoption; (e) job loss due
to automation; and (f) decreased corporate accountability. Literature indicates there is
lot of complexity is involved in implementing and owning blockchain application [32]
such as: (a) legal implications; (b) blockchain ownership; (c) operation of blockchain;
(d) location of the ledger; and (e) control over the ledgers.

Rapid development of blockchain as an economic platform in different industries
and huge demand of its characteristics and technological solutions had raised the need
for the broad view of the use-case offered by the technology in context of the busi-
nesses. However this is missing in the existing literature. Therefore this study tries to
address this literature gap and tries to investigate the answer for the question: What
blockchain can offer to businesses in relation to consumers (B2C), businesses (B2B)
and governments (B2G)?

The literature review helps us in identifying use-cases that had been offered by the
blockchain in the past [10]. Through systematic literature review of the academic
literature surrounding the blockchain in peer reviewed journal on subject area of
business, management and accounting tries to highlight the various use-cases of the
blockchain for B2C, B2B and B2G. The rest of the paper has been structured as
follows: Sect. 2 discusses the methodology adopted for systematic literature review
along with brief overview of the metadata of selected articles, Sect. 3 discusses use-
cases of blockchain in B2C, B2B and B2G context. Section 4 discusses and concludes
the study followed by discussing the limitation of the study along with future research
directions.

2 Methodology for Systematic Literature Review

This section illustrates the procedure adopted for selecting the studies (Sect. 2.1) for
systematic literature review for investigating blockchain offers to businesses in relation
to consumers (B2C), businesses (B2B) and governments (B2G). The brief overview of
metadata information of the studies is presented in Sect. 2.2.

2.1 Literature – Systematic Selection Protocol

For the current study, evidence based systematic literature review process suggested by
Brereton and others (2007) [42] had been followed. The process model consists of the
10-stages, which can be grouped into three main phases outlined in Fig. 1. According
to Elsevier, Scopus is the largest abstract database for journals, books and conference
proceedings. Scopus provides rich interface to the user for selecting the studies on the
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basis of year, document type, subject area, keywords, source title, source type and
language. Therefore to study what blockchain can offer to businesses in relation to
consumers (B2C), businesses (B2B) and governments (B2G), Scopus was considered
as the electronic database and subject area had been limited to “Business, Management
and Accounting”. For developing the review protocol previous studies in literature had
been considered [39–42, 45]. The review protocol minimizes the bias in the study [42].
The review protocol had been formally reviewed by Prof. Arpan Kumar Kar and the
results of it were considered by the review team as well.

The search term “blockchain” in title, abstract and keywords field had been sear-
ched in Scopus database on 20th April 2018. The stage 5 (in Fig. 1), select primary
studies is a two-step process. In first step irrelevant studies on basis of the title and
abstract were rejected. In the second step inclusion/exclusion criteria was applied on
the studies. The studies which provides the answers to the research questions were
considered further in the review process. The studies not providing any information
related to research question had been excluded. The studies selected for the current
review had been restricted to journal publication only because of the following reasons
[42]: (a) journals are well established and offers adequate indexing; (b) to make assure
study had been written by expert; and (c) study had been reviewed by other experts in
the field before publication. The metadata information for the selected studies had been

Fig. 1. Systematic literature review process followed
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extracted and analyzed. Results of it are presented in Sect. 2.2. Section 3 presents the
offers of the blockchain technology to businesses in context to consumers (B2C),
businesses (B2B) and governments (B2G). The review had been validated internally.

2.2 Brief Overview of Metadata of Selected Articles

This section tries to presents the brief overview of the metadata of the selected articles
in terms of year of publication, journal, article titles and keywords. The Fig. 2 presents
the journal and year wise count of the selected studies. In the selected studies two
studies were published in 2016, 27 studies were published in 2017 and 11 studies were
published in 2018. Journal wise highest number of the studies was published in journal
“Strategic Change” in a Special Issue “Ihe Future of Money and Further Applications
of the Blockchain”.

The Fig. 3a tries to give the overview of the keywords of the selected articles
followed by the Fig. 3b tries to give the overview of the titles of the selected articles.
Figure 3 depicts the blockchain had been associated with subject areas such as finance,
accounting, fintech, corporations, management, manufacturing and marketing. Figure 3
illustrates blockchain had been associated with information and management in which
processes, provenance and protection plays a role.

Fig. 2. Journal and year wise count of the selected studies

Fig. 3. (a) Word cloud on selected studies keywords; (b) Word cloud on selected studies article
title
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Figure 4 presents the association among keywords of the selected studies for the
systematic literature review using paired words analysis. The paired word analysis had
been applied over the keywords to better understand which keywords are being used
together mostly. The analysis depicts the following words had been used often:
(a) supply and traceability; (b) distributed ledger and entrepreneurship; (c) bitcoin and
block; (d) provenance and smart; (e) distributed architectures; and many others. These
all words highlighted above are strongly connected along with other words such as
technology, disruptive, disintermediation, crowd, disruptor, managed, framework and
contract. Thus these indicates the blockchain can be used for unbiased, trustworthy,
distributed interface.

3 Blockchain for Businesses in Context to Consumers,
Businesses and Governments

This sections had been divided into three section. The first section, highlights offers of
blockchain for businesses to consumers. The second section list the blockchain offers
for B2B followed by the third section which lists the blockchain offers in context of
businesses to governments sector.

Fig. 4. Association among keywords of selected studies for systematic literature review
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3.1 Business to Consumer Offers

Blockchain infrastructure has the ability to provide trusted user interfaces for con-
sumers [34]. Literature indicates using blockchain infrastructure an individual can
control their own personal data like identity proofs, citizenships, financial and edu-
cational records [14, 34]. Crypto currencies such as Bitcoins facilitates instant payment
without a central bank or financial intermediaries [2, 12]. The instant payments pro-
vides consumers with the following benefits such as (a) low transaction cost; (b) faster
transaction completion time; and (c) lessening coordination issues. Literature suggests
blockchain can be used for giving incentives to researchers for doing peer review of
scholarly papers [31]. The Table 1 lists the use-cases offered by blockchain for con-
sumers along with the literature evidences and impacts. Popular offers that businesses
can offer to their consumers are: (a) trusted user interfaces; (b) facility of instant
payment for goods; (c) incentive receiving system; and (d) web interfaces for trace-
ability of goods.

3.2 Business to Business Offers

Literature indicates businesses is actively investigating in blockchain technology for
commercial products and services [6]. Table 2 tries to list down the blockchain use-
cases for businesses in selected articles along with literature evidences and their
impacts. The company data can be warehouse on blockchain [34]. The blockchain will
protect the data from security breaches. Using blockchain snapshot sharing can be done
in one go which leads to transparency and removing layers of management within an
organizations.

Kewell and other [13] had pointed out Everledger and Provenace are the companies
working in supply chain operation. Blockchain streamlines the entire supply chain [38]

Table 1. Use-cases offered by blockchain for consumers

Applications Literature
evidences

Impacts

Trusted user interfaces [7, 9, 14,
27, 43]

• Virtual direct one to one connections
• Instant social sharing
• Instant exchange of information
• Protecting consumer privacy

Instant payments facilities
(specially micro)

[2, 23, 29] • Low transaction cost
• Faster transaction completion time
• Transferring money across the global without
intermediaries, i.e. banks

• Lessening coordinating issues
Incentive receiving system [31] • Receiving incentives virtually in secure way

through blockchain infrastructure
Traceability of goods [7, 15] • Authenticity of luxury goods

• Customer centricity
• Improves informedness
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and facilitates ownership, tracking and traceability of the assets [14]. Blockchain
automates supply chain operations and makes it both responsive and cost-efficient [38].
Using blockchain machine-to-machine transactions is possible which can lead to
market disintermediation [38] through autonomous economic agents, which send and
receive money over IP. Autonomous economic agents may take the form of (a) au-
tonomous vehicles; (b) independent certification agents for academic degrees or
national identities; (c) for car parking ticket collection.

Literature suggests blockchain within and cross organizations can be used for (a) a
real time, verifiable and transparent accounting system can be built [3, 16]; (b) con-
tainer load optimization for international trading [33]; (c) legal and procedural stan-
dards for knowing your customer and suspicious transaction reporting requirements
[32]. There is a need for business managers to understand potential benefit and threat of
blockchain applications [35].

Table 2. Use-cases offered by blockchain for businesses

Applications Literature
Evidences

Impacts

Storing of the records [3, 16, 22,
34]

• Data availability across the
organization increases.

• Reliability for the preservation of
company record increases.

Snapshot sharing in one go [13, 14, 33,
34, 38, 44]

• Sharing at the enterprise level
• Horizon-scanning.
• Improves transparency within
organisations.

• Flattens the hierarchy within firms.
Autonomous
execution/Machineto-Machine
transactions

[30, 38] • Autonomous economic agents, who
send and receive money over IP.

• Increased commercial efficiency
Accounting [3, 4, 16, 24] • Helps in verifying and auditing records

• Brings transparency into the systems
Market disintermediation [1, 22, 38] • More efficient operations

• Faster transactions
• Direct linkages

Business process management [21, 35] • Builds mutual trust within a firm
• Automation and monitoring

Provenance tracking [8, 15, 27] • Better supply chain operations
• Authenticated ownership for digital
assets

• Increases transparency in the
transactions

• Sources of the products can be identified
Rapid
internationalization

[37] • Decentralized autonomous organization
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3.3 Business to Government Offers

Blockchain as a technology is creating new opportunities for business in government
sector. Some of popular are listed in Table 3, these are: (a) digital storage, authenti-
cation and maintenance; (b) smart trust codification; (c) new market for digital payment
services; and (d) global commerce. Government facilitates transaction and provides
necessary institutional infrastructure [38]. There is a need in the government for
keeping the trustworthy records [18] for the following use cases: (a) identity identifi-
cation; (b) property titles; (c) election and voting [14]. Using blockchain these use cases
can be recorded on immutable, transparent, and verifiably distributed ledger. Block-
chain technology for these use cases can be divided into four transactional activities:
(1) recording; (2) validating; (3) updating; and (4) authenticating [18]. Thus from these
evidences it can be concluded blockchain is creating new opportunities for businesses
in government sector.

Estonian government is offering e-residency to every world citizen [32]. In this
offer government issues digital identity to the citizens. These digital identities proof
enables citizens to run an online company for commercial activities with both public
and private sectors. E-residency is a commercial initiative of the Estonian government

Table 3. Use-cases offered on blockchain by businesses to governments

New businesses
opportunities

Applications Literature
evidences

Impacts

Digital storage,
authentication and
maintenance

Land
registries/Property
rights

[11, 18] • To stop illegal acquiring of
properties

Identity management
and authentication

[14, 18,
19, 32]

• For country’s immigration
policies

• For national security
• For election and voting
• Identification of identity frauds

Smart trust
codification

Law and legal
enforceability

[6, 11] • Jurisprudence
• Smart trusts through written
code

New market for
digital payment
services

Financial inclusion [14, 17,
38]

• For unbanked citizens at
bottom of the pyramid leads
to financial inclusion

• Removes payment barriers
Global commerce Cross border

activities/Borderless
commerce

[7, 28, 30,
32, 37,
38]

• A free global market
• Commercial initiatives
• Offers better services and
products to the citizens.

• Leads to global competitions
among firms

E-Residency [32] • Enables commercial activities
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for borderless trade. E-residency leads to creation of new and false identities of the
citizens which can be used for: (a) hiding real identity; (b) money laundering; and
(c) organized crime [32].

Blockchain will eliminate fraud and corruption within government ecosystem [14].
Usage of blockchain in government ecosystem will offer speed, efficiency and trust to
the people lying at the bottom of the pyramid. Kewell and other [14] had pointed out
the government are working on blockchain initiatives along with startups. These
countries are Ghana, Honduras, Sweden and Georgia. Under‐socialized use cases of
blockchain will foster the visions for the technology [13]. The Table 3 highlights some
of the blockchain use-cases for government ecosystem.

4 Discussion and Conclusion

Internet took two decades for development and next decade for commercial purposes
whereas blockchain is developing more rapidly as an economic platform [34], therefore
there was a need for investigating the various use-cases offered by blockchain tech-
nology for businesses in relation to different stakeholders such as consumers and
governments.

This study signifies blockchain will transform as well as revolutionized the way
businesses are organized and managed in coming future which is in line with literature
[34] and will affect daily operations of business activities and processes [30]. The
Tables 1, 2 and 3 highlights the various blockchain use-cases for businesses in relation
to consumers, businesses and governments along with their literature evidences and
impacts. The summary of Tables 1, 2 and 3 had been presented in Table 4. The study
points out using blockchain infrastructure, businesses can provide trusted user inter-
faces for consumers along with facilities of instant payments and better traceability of
goods.

Blockchain technology can replace the supply chain labor intensive and time-
consuming operations with a software, can automate and make it more responsive,
consistence and real time reporting [22]. Blockchain infrastructure make feasible for
businesses for snapshot sharing in one go along all the stakeholders leads to

Table 4. Blockchain offers for businesses in context to B2C, B2B, B2G

Consumers Businesses Governments

• Trusted user
interfaces

• Instant payment
facilities

• New incentive
receiving system

• Traceability of goods

• Storing of the records,
Snapshot sharing

• Autonomous execution
• Accounting
• Market disintermediation
• Business process
management

• Provenance tracking

• Digital storage, authentication
and maintenance

• Smart trust codification
• New market of digital payment
services

• Global commerce
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transparency within an organizations. The study points out blockchain can be used
among organizations for various purposes such as accounting, international trading and
knowledge sharing [3, 16, 32, 33]. Through blockchain government can offer a free
global market [32]. Reduction in the cost of financial transactions through blockchain
will result in widening financial inclusion [14]. Blockchain is more suited for multi-
stakeholder governance model as it involves the participation of various participants
[36]. Literature suggests the steps for organizations to understand and implement
blockchain technology [34]. This study suggests researchers to pay attention to
blockchain research opportunities for rapid internationalization of organizations.

5 Limitation and Future Work

For articles search for systematic literature review, only electronic database, Scopus
had been considered for this study. Future studies can explore other databases as well.
Only journal publication had been considered for high quality publication, future
research can consider secondary resources as well for the literature review [42]. Only
keyword “blockchain” had been used for searching the articles future studies can use
other term such as “distributed ledger”, “crypto currency”, “smart contract” and many
more terms which had been strongly related to blockchain in Fig. 4. This study had
been restricted to subject area “Business, Management and Accounting” only, because
of the research question had been explored in the study. Therefore future studies can
explore the blockchain use-cases in the other subject area, by expanding the subject
area to other areas such as decision sciences, computer science, social science and
many more.
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Abstract. With technology and globalization, supply chain expanded and
therefore supporting software is required in order to ensure prompt decisions are
appropriately made. The emphasis of this paper is on the transportation man-
agement system (TPS) that supports the decision making process within the
supply chain management framework. Our hypothesis focuses on the routing
and mapping module within TPS. To support the hypothesis, questionnaires
were distributed to the managers of small scale businesses in Al-Shuwaikh
commercial district in Kuwait and the results obtained helped rank the impor-
tance of four carefully selected modules embraced by transportation manage-
ment systems. A methodical regression analysis approach was used to
substantiate the findings as elucidated in the study presented here.

Keywords: Supply chain management � Transportation management system
Decision support systems

1 Introduction

Supply chain management is the management of the flow of goods and services, which
include raw material supply, production and services, inventory management and
goods delivery till it reach to the customers [1]. As per the definition, it is obvious that
supply chain role is highly correlated to other roles and functions within the same
organization and externally. Within the organization there should be strong integration
with the production/operation module, information technology, marketing and pro-
curement. External links will be with suppliers, customers and probably shipping
companies if this is not part of the organization. Information technology can effectively
support the globalization of the supply chain management process in many different
ways where no manager’s insight or a simple calculation process can be sufficient for
making optimal or near-optimal business decisions. With globalization, there is an
expansion of supply chains beyond any traditional boundaries and this incurs harder
supply chain management decisions. In general, the supplier will focus on cost
effectiveness, sufficient quantity of production, and sustaining quality during produc-
tion. Also, while delivering to customers, committed time of delivery gains much
significance due to its contribution to reaching the ultimate goal of the business in
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terms of gaining revenue, customer satisfaction, loyalty and building brand and good
reputation [1, 10].

During the supply chain management flow (Fig. 1), there should be a system to
bring out the best outcome of each any every stage such that maximizing revenue,
gaining customer satisfaction and optimizing the cost. Information systems help to
achieve these outcomes effectively [2]. It would be even more effective if there is an
integrated supply chain management system to gather all the stages and take decisions
based on the biggest picture considering all inputs and external factors as well.

In order to have effective supply chain management, it is essential to have inte-
grated supply chain business processes [1]. Integration includes collaborative work
between buyers and suppliers, product development, common systems, and shared
information. This cannot be achieved without information systems. The intricate choice
of supply chain management systems is dependent on many parameters, such as
business size, business culture in term of willingness to adapt technology and the
outcome required from this system [5]. Some systems focus on cost optimization,
others on customer satisfaction and many of them help in finding the optimum deci-
sions and solutions. In short, supply chain management systems aim to help in com-
pleting the business process effectively. Modules for supply chain management
software include customer requirement processing, purchase order processing, sales

Fig. 1. Supply chain management flow [2].
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and distribution, inventory management, goods receipt and warehouse management,
supplier management/sourcing and transportation management. In this article, the focus
will be on Transportation management system processes.

2 Transportation Management System

The emphasis of Transportation Management system (TMS) is on the transportation
logistics that support the supply of products or services while minimizing both cost and
time. TMS comprises several processes that interact to fulfill the overall functionality
intended by the system (see Fig. 2). To emphasize the significance of the TMS, many
authors [2, 6, 8, 17] pointed out that usually transportation cost consumes between 20
to 35% of the total production and logistics costs of a product. Therefore, any
achievable savings in transportation cost will be likely to result in nontrivial savings on
the overall production cost and related logistics.

The significance of transportation is mounting at a fast pace as the delivery
channels are moving from national to international confines [6]. The dire need today is
for good quality commodities at decreasing maintenance costs to ensure availability
and robustness of items. Further, a powerful transportation module is essential for
lessening costs through better path arranging, load enhancement, carrier, enhanced
traceability across the transportation chain, offering options for improving in the
transportation plan and supply chain execution Black [3]. Transport influences the
production, logistical practices and delivery planning.

Fig. 2. Functions performed by transportation management system
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This study aims to determine the rankings of the variables/processes of the trans-
portation Management system in terms of importance. There are many processes
embedded within TMS such as tracking, vehicle maintenance, fuel costing, ware-
housing communications, EDI implementations, accounting, traveler and cargo han-
dling, inbound and outbound transportation mode, vehicle load, shipment batching of
orders, scheme simulation, cost controls, optimizing terrestrial transport rounds, freight
audit and payment, yard management, order visibility, carrier management, advanced
shipping and many others. Yet this study will focus on only four processes since the
firms considered in this study are small businesses in Kuwait and for which more
functions are either not needed or do not have any added value for the business [9, 12–
14]. The four processes are routing & mapping, transportation cost &service quality,
carrier selection &management, and real time tracking. The results obtained are likely
to vary for different firm sizes.

3 Research Hypothesis

Our hypothesis formulation assumes that Routing and Mapping is the most influential
parameter of the TMS for small scale firms [9, 11]. The research instrument was a a
questionnaire which embodies ranking questions and five -point Likert scale, where 1
indicates a strongly disagree and 5 denotes a strongly agree. Data was collected from
different small scale firms in the Industrial area of Al-Shuwaikh in Kuwait in order to
check the validity of the assumption in our hypothesis. The questionnaire was dis-
tributed to 57 managers in many business sectors such as car parts, supermarkets, meat
preparation and packaging companies, plumbing supplies, restaurants, fast food, Var-
nish and Paint, furniture and others. All the questionnaires results were considered and
regression analysis was applied and as a result is the hypothesis of Transportation
management system ensures proper routing and mapping of the stock in small scale
firms is acceptable. Thus, the following is the main hypothesis of the study:

Hypothesis: Transportation management system guarantees the optimal routing of
products in small size businesses.

Objective: The objective is to study whether transportation management systems
guarantees the optimal routing of products in small size businesses.

4 Data Analysis and Results Interpretation

To facilitate the analysis of the collected data and the interpretation of the results, a
ranking table as well as linear regression are employed. The averages computed from
the data collected from the study through the managers of the respective firms are
tabulated in Table 1. The Table has in the first column the business categories to which
the questionnaire was channeled. The numbers in the parentheses in that column
indicate the count of the businesses participating in the study that fall under that
specific business category. The last 4 columns to the right list the various processes a
typical transportation management system performs. The numbers reported in the rows
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indicate the average score given to each process for each business category (5 indicates
highest and 1 is for lowest). The roman letters in the four columns to the right denote
the rank/importance of the function for a particular business category.

The results tabulated in Table 1 indicate that to the most of the businesses included
in this study, Routing and Mapping is the most significant module in a typical TMS.

5 Regression Analysis Results

Regression analysis was used for testing our research hypothesis. The results of the
analysis are reported in Table 2. The R value that came up indicates a 68% correlation
between the independent variable, namely Transportation Management System, and the
dependent one Routing and mapping. In addition, the R2 value denotes that the
Transportation Management System can be used to justify a 63% variation in Routing
and mapping. The adjusted 0.601 R2 value reported predicts an increase in the R2
value whenever another independent variable is also considered. The obtained value of
b is a shows the strong kinship between the dependent and the independent variables.
Significant changes in R square are found with F-values significant at 5% confidence
level. Thus the hypothesis “Transportation management system guarantees the optimal
routing of products in small size businesses.” is acceptably good with a significance
level of p < .06.

Table 1. Functions performed by transportation management system in small scale industries

Units/Factors Transport cost and
service quality

Routing
and
mapping

Carrier selection
and management

Real time
tracking

Meat preparation
and packaging (7)

4(I) 3.3(II) 3(III) 1(IV)

Car parts (8) 3.2(I) 2(III) 1.8(I) 2.6(II)
Restaurants (10) 3(III) 4.3(I) 3.3(II) 4(IV)
Fast food (9) 4(II) 5(I) 3(III) 4(IV)
Varnish and Paint
(6)

3(III) 4(I) 3.5(II) 1(IV)

Furniture (5) 3.8(II) 4(I) 3(III) 3(IV)
Marble (3) 2.6(II) 3(I) 2.2(III) 1(IV)
Coffee shops (7) 3(II) 3.8(I) 2.7(III) 2(IV)
Electronics 3.3(II) 3.4(I) 3.1(III) 2.1(IV)
Others
(Miscellaneous) (2)

2.1(III) 3.6(I) 3(II) 2.3(IV)

Mean & Rank 3.2 (II) 3.64 (I) 2.86 (III) 2.2 (IV)
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6 Study Limitations

Although this study went through methodical statistical analysis, the data sampled is
taken from a specific industrial area. Thus, it can be argued that the results cannot be
generalized to cover the whole of Kuwait. Despite the limitation of the sample, we
strongly believe, based on our experience in Kuwait, that Al-Shwaikh Area is a typical
commercial district that is replicated in different locations within the country. The
results obtained from the study originate from the human input collected, a highly
subjective source. However, this seems to be the sole source we rely on. We do not
believe that this weakens the findings as similar consistent results were obtained in [16,
17]. Another limitation of the study is considering only small firms in Kuwait. How-
ever, this is the focus of the study presented here.

7 Conclusion

Supply chain management systems are usually offline tools can help improve the
supply chain from many aspects, such as: supply calculation, demand forecasting,
supply chain planning, supply chain scheduling, raw material distribution, supply chain
optimization systems, such as transportation management, among others. The study
presented here aims to highlight the significance of the Transportation Management
Systems within the supply chain framework as one of the most important modules due
to the cost factor involved. In specific, the study hypothesis and the results achieved
confirm that the emphasis is to be placed on the Routing and Mapping module within
TMS in small scale businesses. The output of our study divulges the average ranking of
the processes performed by transportation management systems in small businesses in
the Al-Shuwaikh Commercial Area in Kuwait. Among the numerous modules involved
in TMS, the ranking presented in the study considers the most prominent and effective
modules, namely “Transportation cost and service quality”, “Routing and mapping”,
“Carrier selection and management”, and “Real time Tracking”. The variable “Routing
and mapping” ranked first in terms of the determination of an optimal transportation
and routing plan. In addition, regression analysis was utilized to confirm the research
hypothesis “Transportation management system guarantees the optimal routing of
products in small size businesses” with encouraging results.

Table 2. Regression model summary

Model R R2 Adjusted
R2

Std. Error of
Estimate

F value
ANOVA

Sig.
Level

b t Sig.
Level

1. .688 .632 .601 .1791 32.266 .000 .658 8.8 .018
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Abstract. Social media is believed to play an essential role in entrepreneurial
opportunity recognition. However, little is known about the exact nature of the
relationship between the capability of social media and entrepreneurial oppor-
tunity recognition. Addressing this gap in literature, we interviewed eleven
Nigerian entrepreneurs to investigate how opportunity can be recognised via
their engagement with social media platforms. It was found that, via Social
Media, entrepreneurs recognise opportunities regarding introducing new prod-
ucts, entering new markets, better customer relations and participating in
entrepreneurial events. We also identified that opportunity recognition is driven
by five capabilities of social media: networking, searching, observation,
experimenting, and social media data analytics. Implications of our findings and
limitations are discussed.

Keywords: Social media � Opportunity recognition � Entrepreneur
Nigeria

1 Introduction

Social media (SM) is “a group of Internet-based applications that build on the ideo-
logical and technological foundations of Web 2.0 and allow the creation and exchange
of user-generated content” [1]. It is becoming a norm in the daily activities of over three
billion individuals using various platforms including Facebook, Instagram, LinkedIn,
WhatsApp and Twitter [2]. Entrepreneurial use of SM has attracted attention from
academic literature in recent times. Majority of the studies focus on the factors that
influence SM adoption/use and its impact on firm performance. Although a number of
advantages and benefits of SM have been reported in literature, the exact nature of the
capabilities of SM for the entrepreneurs is yet to be established. Also, there is generally
a lack of literature regarding how SM affects entrepreneur Opportunity Recognition
(OR). Hence, the primary objective of this study is to explore the capabilities of SM
and how they affect OR amongst entrepreneurs. This exploration was conducted via
interviews with entrepreneurs in a developing country. The research has developed a
framework that outlines how SM can support OR and most importantly in the context
of a developing country.
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Unlike developed countries, developing countries have relatively low governmental
support and therefore the entrepreneurs are responsible for recognising opportunities
and developing their businesses [3]. This leads to a high discontinuance rate amongst
the entrepreneurs [4]. Moreover, earlier studies have highlighted the challenges faced in
developing countries due to the dynamicity and complexity of their environment [5]
which affects OR. Thus there is the need to further investigate the antecedents of OR on
SM in from the context of a developing country to help them better recognise
opportunities and enhance their business.

Nigeria is used as the case for this current study as it is enjoying an emerging
adoption of SM by entrepreneurs. Nigeria is the most populous country in Africa with
over 75% of its internet users on SM [6]. Unlike the developed countries, the gov-
ernment of Nigeria does not play a vital role in the establishment of new business and
supporting them. Between March and May, Nigeria Small to Medium Enterprises
(SMEs) recorded about 27% international trade that was aided by using digital tools
[7]. The use of SM has allowed for entrepreneurs, mainly youths in Nigeria, to quickly
start and operate their own business. Similar findings have been seen in previous
studies in developing countries too [e.g. 8].

2 Background

Social media use by entrepreneurs has been increasing in recent years [9, 10]. Due to
SM affordances [9, 11], it gives entrepreneurs the ability to perform several activities in
an easier and quicker manner; this is a blessing particularly for the entrepreneurs in
developing countries. SM also has been shown to be crucial in supporting entrepre-
neurial business process starting from idea exploration to business creation and growth
[10, 12]; it also improves firm performance [11].

OR has been influenced by several factors that are well detailed in the traditional
entrepreneur literature off SM. For example, the review paper of [13] developed an OR
framework which has six vital factors that serve as its antecedents. These are social
capital, systematic search, alertness, cognition/personality traits, environment, and prior
knowledge. Similar factors have been identified by other studies too. However, [9]
argued that entrepreneurial activities in digital platforms differ from offline platforms.
This implies that OR drivers on SM may differ from what is seen in the offline
literature. It is important to understand how the antecedents of OR behave.

Earlier studies identified that SM influences entrepreneurial OR [11, 12, 14, 15].
The opportunities recognized by entrepreneurs on SM may led to the creation of new
businesses, especially in the developing countries where it aids social and economic
development [8]. However, the dynamics of such influence remains to be understood.
[16] reported that SM use positively influenced the relationship between entrepre-
neurial alertness and opportunity creation, and negatively impacted the relationship
between prior knowledge and opportunity discovery and creation. However, they only
discussed the moderating effect of SM and falls short in explaining how it influences
OR.
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3 Research Method

Studies on SM and OR are still few. Studies have identified that entrepreneur uses SM
differently in mobilising resources and capital [9, 17]. Based on these findings, it is
anticipated that entrepreneurs [9, 17] may recognise opportunity differently on SM. The
existing theories do not cater the process. Therefore this study used qualitative
approach that is “particularly well suited to new research areas or research areas for
which existing theory seems inadequate” [18]. Specifically, this study carried out an
explorative qualitative approach through interviews.

3.1 Selection of Interviewees

In selecting the respondents to be contacted for the interview, both purposive and
snowball sampling was used. The researcher made sure that the entrepreneur had a
presence on one or more SM platforms, had less than 20 employees, in either e-retail or
service industry, business-to-consumer (B2C) oriented, and only the entrepreneur
(founder0 was interviewed from each business. Similar criteria were used by earlier
studies in entrepreneurship and SM [e.g. 9, 15, 17]. Based on the initial respondents,
snowball sampling was then used to reach out to other potential participants. In total 11
entrepreneurs (14 businesses in total, where the entrepreneur had more than a business,
it is signaled by the double year in the established column) were interviewed, which is
sufficient to reach to a conclusion [19]. The interview was developed based on the
literature. It was semi-structured and was conducted in English language. Table 1
summarizes the respondents’ profile.

Table 1. Respondents profile.

Code Business industry Gender Established Platforms used

NGR1 E-tailing (Food) Male 2016 Facebook, Instagram,
Twitter

NGR2 Service (Editing) Male 2009 Facebook, WhatsApp,
Twitter, LinkedIn

NGR3 E-tailing (Fashion) Male 2016 Instagram and Facebook
NGR4 Service (Technology) Male 2012, 2016 Facebook, Instagram,

Twitter
NGR5 Service (Technology) Male 2012, 2016 Facebook, Instagram,

Twitter
NGR6 Service/E-tailing

(Marketing/Beauty)
Male 2011, 2016 Facebook, Twitter

NGR7 E-tailing (Fashion) Female 2016 Instagram, WhatsApp
NGR8 E-tailing

(Confectioneries)
Female 2015 Instagram, Facebook

NGR9 E-tailing (Fashion) Female 2011 Instagram, Facebook
NGR10 Service (Beauty) Female 2013 Instagram, Facebook
NGR11 Service (Photography) Male 2015 Instagram
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3.2 Data Analysis

Before analysing the data, the interviews were transcribed from the audio recording to
text; then, the transcription was sent to the respondents for ensuring proper represen-
tation of their thoughts and validity of the transcribed data. The returned transcripts
were then loaded into NVivo 11 for data analysis. The transcriptions were categorised
by coding in detail using NVivo [20]. This allowed for classifying the codes under
themes and dimensions that were only about OR and SM capabilities. Firstly, similar
quotes were grouped from the interviews which formed the first-order concepts (e.g.
“interactivity”, “scalability”). The first-order concepts were then categorised under
emerging themes (e.g. “Networking capability”). The emerging themes were arranged
into dimensions (e.g. OR, SM capabilities). The findings were triangulated with the
entrepreneurs SM platform usage for validity.

4 Findings

4.1 Opportunity Recognition

The respondents reported that they were able to identify several opportunities on SM
platforms. The ways that ‘opportunity’ was operationalised in their businesses reflect
what has been reported in previous literature. That is, as the variables of OR, the
entrepreneurs discussed new products/services, new markets, and better customer
relations. During the interview, the respondents stressed that the ability for them to
participate in events such as competitions, training and seminars was an opportunity.
They highlighted that they would not have been aware or attended the events if not for
SM, which improved their business. The respondents unanimously agreed that SM had
played a crucial role in their opportunity identification process. This is corroborated by
them saying “Yes… it helps” NGR5, NGR7, NGR8, NGR9. “SM has helped me to
identify opportunities” NGR3 & NGR10 “…to expand and grow beyond our limited
resources” NGR4. For these respondents, it is clear that SM supports the discovery of
new opportunities. The analysis of the respondents’ interviews suggests that these new
opportunities were regarding: introducing new products/services, entering new market,
better customer relationships, and participating in new events which are discussed
below.

Introducing New Products/Services. Social media allows entrepreneurs to recognise
opportunities for introducing new products/services to the market, which was estab-
lished in several responses. As said by NGR11, “SM is where the ideas are…”,
moreover, this was reflected by other respondents like NGR1 and NGR5. SM was
found to play a vital role in recognising viable ideas which were later translated into
business opportunities. NGR1, for example, explained how SM through birthday
notification allows him to be aware of his friend’s birthday. The notification enabled
him to identify an opportunity and build a new service in his food delivery business
around birthday parties which brought in more revenue.

SM also helps the entrepreneur in identifying opportunities to develop new prod-
ucts by allowing the customers to make them informed of new services that they can
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offer. For example, NGR5 explained that they were able to introduce new games on
their gambling platform based on customer feedback such as female-oriented and
traditional games that were not on their platform initially. He even stated that majority
of the artists on their booking site were sourced based on their extensive customer
network. To other respondents such as NGR7, NGR8, and NGR10, SM allows them to
recognise opportunities of developing new products through its ability to make them
aware of the latest trends and equally to guide them step-wisely on how to get it done.

Entering New Market. One of the most important ways that the respondents indi-
cated that SM has helped them is in identifying and entering new market. The broad
outreach capability of SM allows for the entrepreneurs to spot new markets which
would have been impossible without it. For example, NGR11 was able to identify an
international market (South Africa) for his digital products (pictures) which happened
via a friend direct message (DM) on Instagram. In another scenario, NGR11 mentioned
that SM brought him corporate clients such as Coca-Cola by giving his product
extensive coverage that attracted their attention. For NGR1, SM allowed them to
“unveil” a whole new market of clients due to the feedback gotten on SM platforms. In
NGR4 case, the analytics of their SM data allowed them to study the market behaviour
before deciding to expand. What is recurrent to all the interviewee is their admission
that they will not have been able to recognise nor enter the new markets without the use
of SM.

Better Customer Relations. Social media has allowed entrepreneurs to learn and
discover better ways to serve their customers, which leads to improved customer
relation and retention. However, the way it helps varies from respondent to respondent.
In remembering how SM helps in better serving her customers, NGR10 recalled that it
was via Instagram that she was able to have a business card which better allowed
serving her customers through referrals and also to gain their trust. Equally, it helps the
entrepreneur customers to grow confidence in their products which allows for the
entrepreneur to build their brand reputation based on other customer reviews. As
indicated by earlier research, a significant role played by SM in entrepreneur business is
the feedback loop where it allows the entrepreneur to interact with their customer. This
was further reported by NGR4 where SM serves as a virtual office that allows for
improved efficiency through better response time, ability to act as a place to serve as
information disseminator. This was also supported by NGR5 with him highlighting that
SM platforms have helped in reducing client stress and costs by reducing phone calls or
need of coming down to their office.

Participating in New Events. SM presented entrepreneurs the opportunities to better
equip themselves with entrepreneurship skills as the SM network promoted new events
such as competitions, training and seminars that could support their business devel-
opment. NGR3 highlighted this:

“SM has helped me to identify opportunities. Because there is a lot of things that go on, Like SM
help you to get invited to seminars, entrepreneurship development workshop. Those opportu-
nities only arrive due to your presence on SM platforms” NGR3.
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Surprisingly, a good number of entrepreneurs experience participating in events as
a form of opportunity, and they categorically stressed it as a distinct and unique
opportunity afforded by SM. For example, NGR11 was opportune to partake in a
competition in South Africa where he was able to meet other people. Other entrepre-
neurs repeated similar stories. NGR10 recalled that it was via SM that she was able to
get an internship opportunity which helped in honing her skills which improved her
business. NGR7 was able to know about a fashion trade-fair via SM that improved her
product packaging and also meet topnotch designers. NGR8 was able to partake in a
Google course on entrepreneurship via her SM account where she more about mar-
keting. The effects of the events attended on their business were so significant that
made them categorise it as an opportunity on its own.

4.2 Social Media Capabilities

Literature has stated that SM impacts entrepreneur OR, but it is silent on the SM
capabilities that have direct impact on OR. The most significant driver of OR on SM is
because it is open and public as mentioned by NGR6. Virtually all the respondents
corroborated this stance with NGR5 stating that if there is any new thing that has
people more than SM platforms, he will move there too. NGR6 summarises the several
capabilities of SM on how it supports OR in the excerpt below.

“It is because a lot of people are there, it is easy to watch people via SM, you know the best
ideas come from seeing the problems that all these people have. So because Facebook has like
2 billion people, 17 million Nigerians on Facebook alone, so you know if it were the old ways,
you would hire 20 people to watch people, how long will it take you to study 500 people in real
life; but on SM, very easy, you watch them and find out their problems…. So I think the main
characteristic is that there are a lot of people and it is good for surveying, and validating your
idea… the ability to observe people, the ability to survey, the ability to search and the ability to
network….” NGR6

In the course of the analysis, it was seen that SM supported entrepreneurs OR due
to its capability for searching, networking, experimenting, observing and analyzing SM
data (SM data analytic).

Networking Capability. The networking capability on SM platforms plays a crucial
role for entrepreneurs in recognising opportunities. The ability to network and build
social capital by meeting virtually with different people allows for entrepreneurs
knowing about new opportunities, e.g. opening up new market can lead to the creation
of new business interacting with other people that can potentially lead to new business
creation; polishing their ideas to develop new products and services. Networking
capability of SM was discussed based on [9].

The respondents identified opportunities through interacting with other people on
SM. For example, NGR4 fine-tuned his idea for new service through interacting with
people from other countries. NGR5 and NGR11 recognised new markets by pitching
their business to higher ranked people they interacted with on SM. For NGR8, the
scalability of SM allows for showcasing new products to clients which afforded the
opportunity to serve her customers better. The interoperability affordance of SM allows
the entrepreneur to recognise opportunities to better serve their clients through prompt
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dissemination of information across several SM platforms. [9] were able to view their
network and equally be aware of other people network which helped in OR. The ability
to associate with likeminded people on the SM platforms help them to be aware of new
opportunities. Association on the platform is possible due to the availability of novel
information that is useful to them, and they would not have been aware of except only
via SM as said by NGR3. NGR6 further highlighted that this capability allowed for
establishing network connections based on their current network circle. This allows
them to conduct business based on the new network connections, ability to search or
filter network connections based on their needs and belong to a community that renders
them the required support.

Similarly, the transversability of SM allows for the “ripple effect” as termed by
NGR1 and NGR6 which according to them is the most significant way that opportu-
nities are recognised and resources mobilised via SM. This means that entrepreneurs
through their ability to go through (transverse) their network and other people network
tend to generate a string of connections that can be leveraged for their business use. For
NGR6, the use of Facebook groups, and due to the transversability affordance of SM,
he was able to navigate through the members, connect with them and from there build
personal relationships that further enhance his OR. The visibility capability of SM
according to the interview did not play a crucial role. The entrepreneurs stated that they
were on SM due to its visibility in the first place, which makes them visible to others in
the network. NGR5, for example, mentioned that the visibility opens up opportunities
for new markets and customers by allowing celebrities fans to see them and know
about their service.

Searching Capability. Searching capability in SM played paramount roles in recog-
nising opportunities for the respondents. Most importantly regarding new products and
equally serving their customers. This was achieved by searching for information in
different locations and seeing other approaches regarding their business development.
This capability is supported by the previous work of [9]. The findings were analysed
under their dimensions of searchability and retrievability, persistence and reviewability,
and asynchronicity. The respondents pointed that SM capability to search and retrieve
goes together. It is fundamental in supporting their OR as they can get required
information and see recent things that form the basis for new opportunities. NGR6
highlighted that the capability of SM search to be enhanced through the use of hash-
tags, locations, tweets, time duration which improves their OR; and as stressed by
NGR10, it allows them to produce better and stay on top of their industry.

SM persistence and reviewability affordances allow the respondents to keep track
of information. Respondents such as NGR7 and NGR11 stressed its importance with
NGR7 even calling SM “a library or an archive of information… take you down the
memory lane”. They stated that the information can always be accessed when needed,
either through searching on the SM platform or exporting it to their device using third-
party applications which allows for OR. The asynchronicity of SM search allows for
information to be extracted from one-way ties in the case of NGR6 through groups
which allows him to come over the temporal limitations. By posting information on the
group, NGR6 in the earlier part of the interview admitted to it giving him the chance to
attend a seminar (webinar) that introduced new opportunities.
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Observation Capability. Opportunities are recognised on SM primarily due to its
openness and the massive number of people on it. This capability of SM makes it a
fertile ground for observation. Observation was done by intentionally following some
users or accounts for various purposes without actively contacting the person. In some
scenarios, the respondents admitted having contacted those account owners for clarity.
The underlying motive for observing as stated by NGR5 is to “…learn from what they
are doing… I said we get ideas from SM, from following other people and business and
try to replicate it in our business.” This can take many forms as evidenced based on the
interviews with the respondents. For example, NGR3 use SM to observe their com-
petitors actions “ to stand out and add value to what we are doing”. This allows them
to identify opportunities, know what their competitors are doing and learn ways to beat
the completion and stay ahead. While others identify opportunities regarding customer
relations, better ways to produce and equally know what is in vogue to easily tap on the
new wave. This was evidenced in discussions with NGR7, NGR8, and NGR10. For
NGR10, she follows business in her niche and even goes a step ahead by putting on
post notifications for her favourite accounts that she observes. This makes her aware of
when they post, as she said, she “…will be losing out” if she does not do it.

Experimenting Capability. SM is making it easier for entrepreneurs to experiment
with new products to check for their viability in the market before going large scale.
This involves testing their products/ideas, validating them and equally streamline or
targeting their products to specific markets. This was reported by NGR1, NGR5 and
NGR6 where they discussed the strength of SM in allowing them to know which
products to introduce to the market. For example, NGR6 said

“I easily test new products through SM, just put it out there with maybe $5 or less on Facebook
ads and promote it just to see how people are going to engage with it….We use SM to validate
products or services…you can also use social adverts to validate ideas to find out if people will
are interested in what you want to do on that”.

The concept of targeting markets was expanded on by NGR5 when he explained
that targeting allows them to reach the specific market faster, cheaper and more effi-
ciently which would not have been attainable if not for SM

“SM helps us in targeting which is key; you can target so many demographics; you can decide
that people you want to view your adverts should be men. It is simple and cost-effective….
Facebook helps us in target our markets and customers” NGR5

Data Analytics Capability. SM platforms such as Facebook and Instagram allow
entrepreneurs to analyze how people interact with their content. This was discussed by
NGR4 where SM data analytics insights allow them to know the expectation of new
markets. It also enables them to know how clients value the products, and thus how
profit margin can be assured. Specifically, Instagram allows individual accounts to
upgrade to a business account which comes along with an analysis-oriented platform
that allows the entrepreneur to know how people engage with their content as seen in
NGR10 and NGR11. This capability allows the entrepreneur to know which products
of theirs are preferred by their clients, which allows for OR.
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4.3 Summary of Findings

The data analysis suggests that SM supports several types of entrepreneur opportunities
based on its capabilities. The capabilities identified by the respondents have their
unique SM affordances that allow them to influence entrepreneur OR.

This study confirms that entrepreneurs can use SM as a means to identify new
opportunity. This is influenced by various capabilities that have already been discussed
in the preceding sections. The findings gotten from the Nigerian respondents were used
in developing a framework (see Fig. 1) that aims at explaining how SM capabilities
influences entrepreneur OR.

5 Conclusion

5.1 Implications of Findings

It is understood by prior studies that one of the primary benefits offered by SM is its
ability to support entrepreneurs by identifying the relevant opportunities. It is more
prominent in a developing country because of the unstructured governance of the
respective government genies. Our study identified the several types of opportunities
that entrepreneurs recognised on SM. It also details the various SM capabilities and
affordances regarding how they help in OR on SM. Consequently, the study offers
several implications for theory and practice.

The first implication for theory is that this study validates previous research
propositions [e.g. 14] on the role of SM on entrepreneur OR. This is achieved by
identifying several capabilities of SM that supports it. While previous research has
highlighted similar factors such as observation and experimenting [see 21], it differs
here because it is primarily based on SM capability; which allows it to be carried out by
more entrepreneurs; instead of just the “innovative ones”. This is due to it being more
open, easier and faster in carrying out and does not necessarily require persistence and
high creativity or associative thinking since it is an open field.

Social Media 
Capabilities

Networking

Experimenting

Data Analytics

Searching

Observation

Opportunity Recognition:
· Introducing new product/service
· Entering new markets
· Better customer relations
· Participating in new events

Fig. 1. Opportunity recognition framework on social media
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Secondly, as argued by [9], SM affordances allows for differences in entrepreneurs
actions. This is illustrated in this study by seeing that SM supports OR via searching
and networking differently from the offline media through its various affordances.
Moreover, concerning the search, it was seen that SM due to its capabilities allows for
search to be beneficial for those with prior experience and equally those searching
systematically; and thus homogenise two stream of thought that emerges in the offline
literature.

Thirdly, it highlights the role of SM data analytics that is readily available on the
SM platforms as a capability of SM that supports OR. This is another theoretical
contribution made by the study where it highlights its vital role for SMEs entrepreneurs
in a developing country. Moreover, data analytics has mostly been attributed to big
firms that have the resource base (human and technical), but due to the inclusion and
simplification on SM platforms, the capability has allowed for the entrepreneurs to
recognise new opportunities.

As the practical implication, this study highlights the opportunities that abound on
SM platforms for entrepreneurs. This includes its ability to be a source for OR which
helps in establishing new business, growing or expanding business and on the overall
contributing to the economy. The findings indicate that entrepreneurs should make
positive use of their SM platforms as it can further enhance their OR. Government
stakeholders can sensitise on the benefit of SM in the creation and survival of busi-
nesses which will contribute positively to the economy.

5.2 Future Research

The study will be expanded beyond the exploring the role of SM to OR only, to an
examination as to how it influences the resource mobilisation and opportunity
exploitation of entrepreneurs from developing countries. Factors affecting SM use will
be equally explored from developing country perspective thereby attempting to link
SM use factors to how it influences their OR. In addition, the findings will be
empirically tested and compared with entrepreneurs from developing countries to
identify the difference between SM usage and OR amongst them.

References

1. Kaplan, A.M., Haenlein, M.: Users of the world, unite! The challenges and opportunities of
social media. Bus. Horiz. 53(1), 59–68 (2010)

2. Williams, B.: Social media reaches 3 billion users globally, says new report 2017 (cited 22
Mar 2018). Available from: https://mashable.com/2017/08/07/3-billionglobal-social-media-
users/#KUVQS_kASaqp

3. Ojo, A.O., Oluwatayo, I.B.: Entrepreneurship as drivers of growth, wealth creation and
sustainable development in Nigeria. Socioeconomica 4(8), 325–332 (2016)

4. Olaposi, T.O., Akintelu, S.O., Oyebola, A.I.: The impact of socio-demographic character-
istics on new product introductions. In: 2015 Portland International Conference on
Management of Engineering and Technology (PICMET). IEEE, Oregon, USA (2015)

Identifying Social Media’s Capability 353

https://mashable.com/2017/08/07/3-billionglobal-social-media-users/#KUVQS_kASaqp
https://mashable.com/2017/08/07/3-billionglobal-social-media-users/#KUVQS_kASaqp


5. Stewart, W.H., May, R.C., Kalia, A.: Environmental perceptions and scanning in the United
States and India: convergence in entrepreneurial information seeking? Entrep. Theory Pract.
32(1), 83–106 (2008)

6. Amaefule, E.: 75% of Nigeria’s online population use social media–Minister. 2017.
Available from: http://punchng.com/75-of-nigerias-online-population-use-socialmedia-
minister/

7. Adepetun, A.: Nigeria’s small, medium enterprises record 27% international trade. The
Guardian Nigeria 2017. Available from: https://guardian.ng/businessservices/nigerias-small-
medium-enterprises-record-27-international-trade/

8. Alkhowaiter, W.: The power of Instagram in building small businesses. In: 15th IFIP WG
6.11 Conference on e-Business, e-Services, and e-Society. Springer International Publishing,
Swansea, UK (2016)

9. Smith, C., Smith, J.B., Shaw, E.: Embracing digital networks: Entrepreneurs’ social capital
online. J. Bus. Ventur. 32(1), 18–34 (2017)

10. Ahmad, S.Z., Ahmad, N., Bakar, A.R.A.: Reflections of entrepreneurs of small and medium-
sized enterprises concerning the adoption of social media and its impact on performance
outcomes: evidence from the UAE. Telemat. Inform. 35, 6–17 (2018)

11. Wang, W., Pauleen, D.J., Zhang, T.: How social media applications affect B2B
communication and improve business performance in SMEs. Ind. Mark. Manag. 54, 4–14
(2016)

12. Mack, E.A., Marie-Pierre, L., Redican, K.: Entrepreneurs’ use of internet and social media
applications. Telecommun. Policy 41(2), 120–139 (2017)

13. George, N.M., et al.: A systematic literature review of entrepreneurial opportunity
recognition: insights on influencing factors. Int. Entrep. Manag. J. 12(2), 309–350 (2016)

14. Nambisan, S., Zahra, S.A.: The role of demand-side narratives in opportunity formation and
enactment. J. Bus. Ventur. Insights 5, 70–75 (2016)

15. Fischer, E., Reuber, A.R.: Social interaction via new social media: (How) can interactions on
Twitter affect effectual thinking and behavior? J. Bus. Ventur. 26(1), 1–18 (2011)

16. Park, J.Y., Sung, C.S., Im, I.: Does social media use influence entrepreneurial opportunity? a
review of its moderating role. Sustainability 9(9), 1593 (2017)

17. Drummond, C., McGrath, H., O’Toole, T.: The impact of social media on resource
mobilisation in entrepreneurial firms. Ind. Mark. Manag. 70, 68–89 (2017)

18. Eisenhardt, K.M.: Building theories from case study research. Acad. Manag. Rev. 14(4),
532–550 (1989)

19. Perry, C.: Processes of a case study methodology for postgraduate research in marketing.
Eur. J. Mark. 32(9/10), 785–802 (1998)

20. Bazeley, P., Jackson, K.: Qualitative data analysis with NVivo. Sage Publications Limited,
New York (2013)

21. Dyer, J.H., Gregersen, H.B., Christensen, C.: Entrepreneur behaviors, opportunity recog-
nition, and the origins of innovative ventures. Strateg. Entrep. J. 2(4), 317–338 (2008)

354 A. T. Olanrewaju

http://punchng.com/75-of-nigerias-online-population-use-socialmedia-minister/
http://punchng.com/75-of-nigerias-online-population-use-socialmedia-minister/
https://guardian.ng/businessservices/nigerias-small-medium-enterprises-record-27-international-trade/
https://guardian.ng/businessservices/nigerias-small-medium-enterprises-record-27-international-trade/


The Influence of Social Media on Entrepreneur
Motivation and Marketing Strategies

in a Developing Country

Abdus-Samad Temitope Olanrewaju(&), Naomi Whiteside,
Mohammad Alamgir Hossain, and Paul Mercieca

RMIT University, Melbourne, Australia
abdus-samad.olanrewaju@rmit.edu.au

Abstract. Entrepreneurs are increasingly using social media in running their
businesses. This phenomenon is remarkable especially in developing countries
where entrepreneurs now exploit business opportunities by using cheaper plat-
forms. Prior studies claim that social media plays a crucial role in establishing a
business and ensuring its survival through effective marketing. However, from
the context of developing countries, limited research has sought to understand
the role of social media in motivating entrepreneurs to start and market their
businesses. This current study seeks to investigate this issue through a field
study comprising interviews with Nigerian entrepreneurs. The research explores
how social media shapes Nigerian entrepreneurs’ motivation to start a business
and how they market their businesses via social media. It was found that most of
the entrepreneurs interviewed were opportunity-driven rather than necessity-
driven due to opportunities afforded by SM. Furthermore, entrepreneurs devised
several social media marketing approaches across different platforms to reach
their audiences.

Keywords: Entrepreneur � Social media � SMEs � Necessity-driven
Opportunity-driven � Marketing � Developing country � Nigeria

1 Introduction

Social Media (SM) has grown by leaps and bounds in recent years. The use of SM is
redefining business creation [1] and business marketing strategies [2]. Its use has made
easier for entrepreneurs to advertise and sell their products [3]. Studies have explored
the role of SM in marketing highlighting its use for customer relationship management,
advertisement and building brand awareness [2, 4].

In developing countries, studies have identified that entrepreneurs start their busi-
ness primarily out of necessity (necessity-driven) [5, 6]. The advent of SM has allowed
for the creation of new businesses [3] by entrepreneurs in developing countries.
However, the influence of SM and digital tools has been overlooked in research to date
regarding its possible influence on entrepreneur motivation in starting their business.
The importance of SM cannot be overemphasised. In Nigeria for example, digital
platforms such as SM boosted Small to Medium Enterprises (SMEs) trade by around
27% between March and May 2017 due to recognition of new opportunities [7], and
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can thus serve as an avenue for enhancing opportunity-driven entrepreneurship. In
addition, SM can serve as an avenue where they can effectively market their products
and reach out to their potential clients, therefore encouraging business creation and
supporting business survival and growth.

Social media is actively researched in the academic literature with most studies
examining its usage and its impact on firm performance e.g. [8]. Current research
focuses on the role of SM role in establishing and marketing business in developed as
opposed to developing countries [4]. This research seeks to extend the current literature
through the provision of a case from a developing country. To achieve this, interviews
were conducted with eleven Nigerian entrepreneurs. The research explored how SM
influenced each entrepreneur’s motivation for establishing a business and the SM
marketing strategies they used.

The rest of this paper is structured as follows. A background of the literature is
provided in the next section followed by the research method used. The results of the
research are then presented. The implications of the findings and future work are then
discussed.

2 Background

Earlier research has identified entrepreneur motivation for starting a business as either
necessity-driven or opportunity-driven [5, 9]. Opportunity-driven entrepreneurship
involves becoming an entrepreneur due to a “pull”; where a venture is started based on
an unexploited or underexploited opportunity [6], or as a career option driven by choice
[6, 9]. On the contrary, necessity-driven entrepreneurship involves been “pushed” into
becoming an entrepreneur as a last resort. This may be due to the inexistence of a job or
absence of a better alternative; both scenarios are more prevalent amongst developing
countries [6, 10]. However, an emerging line of research has challenged this cate-
gorisation by identifying that the motives complement each other and may further
evolve e.g. [11]. Recent research in developing countries especially in sub-Saharan
Africa e.g. [10, 12] has identified that entrepreneurs cannot be strictly categorised as
either necessity-driven or opportunity-driven. Moreover, with the advent of SM,
entrepreneurs can identify opportunities [8, 13], which can lead to business creation
that is not solely necessity-driven and thus further the understanding of business
motivation regarding innovations like SM.

SM marketing has been actively studied recently culminating in several review
papers and theoretical frameworks on the topic e.g. [2, 4, 14]. SM is playing a massive
role in influencing the marketing landscape by enabling transition away from tradi-
tional media to focus on digital marketing. SM marketing can improve the visibility of
the business. Increase in visibility has been a primary reason for social media use by
entrepreneurs which leads to attracting new customers and an increase in sales [15, 16].
Moreover, it supports CRM where relationship with customers is improved [15, 17].
This is done via entrepreneur activities on SM platforms such as posting
contents relating to customer endorsement, promotion and business activities [18, 19].
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However, majority of the studies had been conducted in developed countries [4] and it
will be vital in understanding how entrepreneurs in developing countries utilize SM for
marketing.

In SM and entrepreneur research, majority of the studies have been geared towards
understanding factors that drive SM adoption and its impact on firm performance. SM
marketing has been studied by previous research where its impact on firm performance
has been evaluated e.g. [19, 20] or as an outcome of SM use e.g. [8]. Recent review
papers on SM marketing e.g. [2, 4] has aimed at exploring research on SM marketing,
[4] identified on the need to explore the effectiveness of different platforms with respect
to SM marketing which will be vital in theory building.

3 Research Method

Creswell [21] suggests that employing a qualitative approach is beneficial in exploring
an area where little is known. In a bid to further understand how SM influences
entrepreneur motivation and how they carry out their marketing activities on several
SM platforms, an interview-based exploratory study was carried out.

A total of eleven interviews were carried out with Nigerian entrepreneurs which
suffices to achieve deep insights to the research been investigated [22]. The respondents
were identified by using a purposive and snowball sampling approach based on similar
criteria used by [23, 24]. The criteria specified that the entrepreneurs should be present
and active on at least one SM platform (Facebook, Twitter, Instagram, and LinkedIn),
they have business-to-consumer oriented company, less than 20 employees and are
either in the e-retail or service industry. The criteria were used to be sure that
respondents are in the best position to talk about what is under study [25].
A semistructured interviewing approach was made use of where probes into the
question were done when there is need to clarify information. The interview was done
in English and transcribed by the researcher.

In analysing the data, the interview was transcribed and returned to the respondents
to ensure that they were not misrepresented. This was followed by an initial reading of
the interview transcripts to have an overall knowledge of the contents. The transcripts
were then analysed in Nvivo11. The transcriptions were classified into emerging
themes [26] that were related to business motivations, SM marketing strategies and the
difference across several platforms. The findings from the interview were then sup-
ported by the observations of the respondents SM platforms usage for their business.

4 Findings

Eleven Nigerian entrepreneurs were interviewed in this current study. A profile of
participants is provided in Table 1. Three of the interviewees had more than one
business with varying establishment dates. The interviews explored how SM influenced
the Nigerian entrepreneurs to establish a business and how they used these tools for
marketing purposes. The results are presented in the following section. Overall, we
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identified how SM influences entrepreneur motivations and how they used it for
marketing which will be discussed in subsequent subsections.

4.1 Motivation

The entrepreneurs felt that SM is a vital driving force for their businesses. SM play a
crucial role in creating and running the business. Specifically, SM supports the
entrepreneurs to discover and develop relationships and ideas for their businesses.
Some respondents felt that without SM, they would not be in business. NGR5, for
instance, stated that “… without SM I do not think I will be able to run any of these
businesses successfully …. SM is basically 90% of our business.”

The motivation to start a business of the respondents was found to be mostly
opportunity-driven (9 of the respondents) with two being necessity-driven. The
opportunities were borne out of personal hobbies or problem they tried to solve, and
also based on challenges or opportunities posed by society. For example, NGR1 started
his business around a challenge he faces which entails ordering food from restaurants at
his convenience. SM motivated him starting the business by allowing him to validate
the idea with others across several. NGR11 started his photography business based on
passion which was driven by SM ability to allow him showcase his works; after which
the money motivation factored in. NGR2 and NGR6 also founded their business
around their passion where SM plays crucial roles for example for setting them up for
customer acquisition and market exploration.

Other entrepreneurs founded their business based on societal opportunities and
challenges. They used SM to solve societal problems that were pertinent to average
citizens. For example, NGR4 developed a business leveraging SM crowd sourcing to
tackle traffic congestion in the most populated state in Nigeria. A former governor of
the state acknowledged their efforts. In addition, NGR3 aimed to promote the Nigerian
economy and a green environment through manufacturing based on local raw

Table 1. Respondent profile.

Code Business sector Established Platforms used

NGR1 E-tailing (Food) 2016 Facebook, Instagram, Twitter
NGR2 Service (Editing) 2009 Facebook, WhatsApp, Twitter,

LinkedIn
NGR3 E-tailing (Fashion) 2016 Instagram and Facebook
NGR4 Service (Technology) 2012, 2016 Facebook, Instagram, Twitter
NGR5 Service (Technology) 2012, 2016 Facebook, Instagram, Twitter
NGR6 Service/E-tailing

(Marketing/Beauty)
2011, 2016 Facebook, Twitter

NGR7 E-tailing (Fashion) 2016 Instagram, WhatsApp
NGR8 E-tailing (Confectioneries) 2015 Instagram, Facebook
NGR9 E-tailing (Fashion) 2011 Instagram, Facebook
NGR10 Service (Beauty) 2013 Instagram, Facebook
NGR11 Service (Photography) 2015 Instagram
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materials. In the case of NGR5, his businesses were established around reducing online
fraud in the entertainment industry and also improving the gambling sector. As stated
earlier, two of the respondents motivation was necessity-driven. Necessity was high-
lighted by previous research as push factors such as the need to survive or earn more
[6, 10]. For NGR9, it was the scarcity of white-collar jobs, while NGR7 established her
business to earn more money. Based on the respondents, it is seen that majority of the
entrepreneurs were opportunity-driven as SM affords them the ability validate, establish
and run their business which would not have been possible in SM absence.

4.2 Marketing Strategies

From the interviews, several marketing strategies were uncovered through which their
business was promoted, and customers were acquired. The majority of entrepreneurs
advertise their products on SM platforms while some use offline platforms alongside.
They use SM heavily use because of its ability to reach out to a large number of people
and offers a level-playing ground for the entrepreneurs to compete with established
brands despite their meagre resources. NGR5 made this argument when he said“…the
only way we can actually compete in the game is by focusing online and getting
customers via online, and online is cheaper. …. But the thing for a small business, I
think you will get more traction and customers on SM because it is cheap” NGR5.

Online advertisement includes the use of SM platforms to promote a product to
clients either through paid adverts or organically (i.e. without payment). All the
respondents used an organic approach to reach their customers. This was achieved by
posting their products on SM and by using SM hashtags to reach a broader audience.
The shortcoming of the organic approach is its inability to reach a wider audience,
beyond their current customer base. Consequently, five respondents made use of paid
advertisements. For instance, NGR5 felt it was cheaper than the offline advertisement;
while NGR8 uses paid advertisements occasionally based on need.

Influencer marketing involves entrepreneurs using influencers such as famous
artists or people to advertise their brands on their respective SM handles. This practice
was highlighted by NGR5 “…influencer(s) are people with over 1million followers,
those are the people we target… They are SM authorities and what they tell their fans
is what the fans do. We use celebrity influencers too, we use celebrities to sell our
product.” Other interviewees including NGR6 found influencers to be very useful.
However, the shortcoming of this approach was highlighted by NGR8 and NGR9 who
felt that it reduced the trust of clients in other businesses that did not use celebrities to
advertise their products. Primarily, businesses that did not use influencers were placed
at a disadvantage

Collaborative or cross-marketing can be described as a strategy where different
entrepreneurs promote each other on their respective SM handles to reach out to a
broader audience. This can be seen as a means of support for each other and enhance
their outreach with little or no cost. In some instances, cross-promoted products may be
complementary. Six respondents used this approach with NGR10 describing it as “you
rub my back I rub yours” where both parties profit. NGR5 further explained by saying
“Sometimes we do cross-marketing, we tell them to post our logo on their page and tell
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their followers to follow us and we would equally do the same thing with our followers
too.”

Some interviewees used offline advertisement to supplement their online presence
and advertising. For most of the respondents, it was the first marketing strategy they
used before moving on to SM. Most respondents relied on word of mouth marketing
from family and friends, who referred their business to people in their social network.
The role of SM in the referral procedure was interesting. For several respondents, SM
served as a credibility checker; an entrepreneur portfolio that showcased them to the
prospective clients amassed via referrals. The respondents were able to make optimal
use of SM for their marketing activities and reaching out to their clients despite their
limited resources.

4.3 Marketing Behaviours Exhibited on SM Platforms

The entrepreneurs used Instagram and Facebook more than Twitter. These platforms
were selected based on criteria including age range of the target market, business type
and purpose of use. Table 2 summarises the respondents perception about the various
platforms.

The Respondents Used Several Platforms for Different Purposes as Characterised
by NGR5:

We use them for different purposes basically. Facebook is just for awareness, is just for people
to know that we have a particular show, that we are doing this and that. Twitter is just for
credibility, so people can actually see that we are credible… Instagram is meant for marketing
basically to get customers; of course we get customers from Twitter and Facebook but not as
much as Instagram.

Virtually all of the respondents that made use of Instagram also used Facebook and
vice-versa. This can primarily be traced back to the reason that both platforms are
owned by same company, which allows for seamless integration and posting of content

Table 2. SM platform use and affordances.

Facebook Instagram Twitter

Audience demography All ages Youth Youth and adult
Perceived benefit Brand awareness and

fruitful engagement
Brand awareness
and sales

Brand awareness
and credibility

Frequency of sales and
marketing posts

Medium High Low

Content posted Text/images Images Text
Post source Fed from Instagram Primary Fed from Instagram
Data consumption Low High Low
Use for paid
advertisement

High High Medium
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simultaneously on both platforms. Facebook was a preferred platform for advertising
according to the respondents. This is because of the number of registered users on the
platform. The growth of Instagram regarding the number of people on it is also making
it an alternative platform for advertisement as mentioned by NGR11. This is because of
the large amount of millennial on it who are perceived to be better financially as stated
by NGR5. This meant that almost all the respondents generated more sales on
Instagram.

Respondents when quizzed on why they felt Instagram had more impact on sales,
the majority of the entrepreneurs could not give a definite answer with some saying that
“I really don’t understand” NGR8. A reason suggested by NGR10 is that Instagram
offers more opportunity for entrepreneurs to sell themselves. Other suggestions ranged
from the rich man syndrome as posited by NGR5, the visual component and attrac-
tiveness of Instagram as stated by NGR8 and NGR9. Several respondents (NGR8,
NGR9, NGR10, NGR11) indicated that the outreach of Instagram was favourable,
unlike Facebook where not everybody gets to see your post even if they are your
friends.

Facebook, on the other hand, has its strength when it comes to brand awareness and
engagement due to its leverage of large numbers of users (NGR5 and NGR6). NGR4
characterised Facebook as providing an ‘official office’ where complaints may be
posted and addressed. However, some respondents felt that Facebook was losing
traction because it is mostly used to keep in touch with family and friends. For instance
NGR8, NGR9 and NGR10 believed it was best used for personal purposes with little
sales been derived from it. NGR10 noted that she could not remember anyone con-
tacting her for business on Facebook. Even if she uploaded her work images on
Facebook, it had few likes or comments, but on Instagram, the likes kept streaming in.
The same sentiment was shared by NGR8. It was found that respondents whose
business visual and retail-oriented make more use of Instagram than Facebook.

Twitter, due to its limitation regarding the number of characters per post and ability
for retweets, was used more for brand marketing and less of advertisement. This is
because according to NGR5 “Twitter advert(s) are not as effective…” Twitter was
more used to increase brand awareness of their products to their clients, in the case of
NGR1 and NGR3. It was also used for credibility enhancement by the entrepreneurs.
This was described by NGR5 when he said that a celebrity following your account
made it credible to followers. NGR4 also discussed the strength of Twitter in engaging
with time-sensitive events, which might be difficult to achieve on other platforms. This
was due to the nature of the NGR4’s business that deals with traffic updates based on
location. Moreover, the potential for Twitter to be misused or abused was identified by
NGR3 and NGR4, which resulted in these entrepreneurs moving their audience and
activities back to both Instagram and Facebook.

5 Implications

This study aimed at exploring how SM platforms influence entrepreneurial motivations
and marketing strategies and thus offer both theoretical and practical implications.
Firstly, although SM has been used by entrepreneurs for some years, understanding its
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role in developing countries is in its early stages. Entrepreneur characteristics and
resources in developing countries lead to differences in entrepreneur motivation and
marketing strategies. The research contributes to the literature by highlighting the role
of SM in supporting opportunity-driven entrepreneurship in developing countries. SM
also allows for the transition of entrepreneurs from being necessity-driven to been
opportunity driven and thus it is consistent with previous studies [10, 12].

Secondly, the study advances understanding of SM marketing strategies adopted by
entrepreneurs in a developing country. The study elicits the different ways that
entrepreneurs market their products/services to their prospective clients. SM adver-
tisement is well documented in developed countries [4]. However, this study further
identifies other SM marketing strategies deployed by entrepreneurs to compete with
established business and also promoting their products/services which might be unique
to developing countries. The identified marketing strategies are feasible for entrepre-
neurs because it can be effective and less cost-intensive. Moreover, it furthers our
understanding regarding the preference of entrepreneurs regarding the various SM
platforms considered in this study.

6 Limitations

This study has a few limitations that should be addressed by future research studies.
The study utilizes a small sample size where all of the respondents are highly educated
(minimum of a university degree). Hence the findings may not be conclusive as edu-
cated people are more likely to identify opportunities on SM and thus develop mar-
keting strategies better than the uneducated counterparts. Also, the study aimed at
exploring entrepreneur motivation and marketing strategies regarding SM. In future
studies, a theoretical model will be developed and empirically validated. Furthermore,
the study can be extended in identifying and validating factors that influence entre-
preneur SM use and (dis)continuous use, and empirically test them in a developing
country.

7 Conclusion

Social media has been shown to afford opportunities more especially in supporting
entrepreneurs in developing countries to establish and grow their business. In this
study, SM allows for the entrepreneurs to establish opportunity-driven business; which
as suggested leads to high performing ventures that benefit the economy. The mar-
keting strategies equally uncovered shows how the entrepreneurs are using the little
resources at their disposal to achieve the maximal advantage and compete with the
established businesses.
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Abstract. The objectives of this research is to give a clear view of the elec-
tronic auditing environment in companies, to determine the main benefits and
challenges of Computer Assisted Audit Techniques (CAATs) and to review the
opinions of researchers on Generalized Audit Software (GAS). The study also
sheds the light on the reality of electronic auditing in Kingdom of Bahrain. The
descriptive approach was used, where the previous studies were surveyed,
discussed accurately, and then the results of the study were reached. The results
showed the benefits and challenges of evolving from traditional audit techniques
to CAATs. This research provides more detailed information about the use of
GAS in the different sectors of companies. It also provides academic contri-
bution not only in auditing area but also in information technology, especially in
Bahrain. At the end of the study, there are suggestions for future research, which
may help to get a qualitative achievement in the use of electronic audit and
CAATs in Bahrain.

Keywords: Computer-Assisted audit techniques (CAATs)
Generalized audit software (GAS) � Auditor � Computer � Audit quality

1 Introduction

The endless shifts in the world of business are allegedly impacted by the current
technology and information revolution. Computer-based tasks have successfully
replaced paper-based tasks in the majority of today’s business organizations. Auditing
is one of the sectors that witnessed massive shifts. Paper-based auditing has also been
replaced by computer-based auditing. However, it still exists and is used by some firms.

It is assured that to enable auditors issue high-quality accounting data as well as
making simultaneous decisions, it is important to have and rely on quality data in
addition to exist on-lin. Researchers in this domain assure that real-time data is
essential for accuracy of outcomes in the auditing domain. When auditors obtain
electronic data, they can handle it in a more flexible manner (Chang et al. 2008). This
data is certainly accessible; transferable; is simply reserved, condensed, and organized
in a manner better than the paper-based accounting data. Writers in the auditing domain
suggested that Information technologies drive firms to do their transactions in an
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electronica manner. They will be able to issue their financial statements electronically
and on-line through realtime system. At the most recent times and under the umbrella
of the real time accounting (RTA) systems, it is possible that financial data is processed
electronically as well as having audit evidence available in an electronic form. This
required from firms to replace their paper and traditional documents with electronic
ones including orders for purchasing; invoices; and checks (Rezaee et al. 2001).

The change in business process that removes a traditional source of information
requires the creation of new audit procedures to conduct financial audit. The primary
objective of financial audit and generally accepted auditing standards (GAAS) does not
change because all or a part of the client’s records are in electronic form (Hanes et al.
2013).

Auditing Practice Regulation 1009 “Computer-Assisted Audit Techniques”
(CAATs) is developed based on the International Auditing Practice Regula-
tion IASP. “Computer Assisted Audit Techniques” was approved by the International
Federation of Accountants (IFAC) in the 2001 edition (Ciprian-Costel 2014). Auditing
firms and auditing specialists have actually introduced numerous CAATs. Such tech-
niques have been improved to aid auditors in carrying out their auditing works
depending on computerized accountancy information. The concept of computerized
accounting information systems has found its way into the world of accounting as a
result. It has been mentioned that one of the most significant and widely employed
CAATs in electronic auditing is Generalized Audit Software which is abbreviated as
(GAS) (Singleton 2006). GAS is used by auditors to analyze and audit either live or
extracted data from a wide range of applications (Debreceny et al. 2005).

The modern computerized environment, in which any audited entity operates
nowadays, creates new opportunities, but also new risks, additional rules regarding
security accuracy and acceptable error rates, thus constantly influencing the auditors’
work (Ciprian-Costel 2014). On the other hand, previous studies have shown many of
the benefits of electronic auditing, especially with increasing of computerized
accounting systems such as ERP (Enterprise Resource Planning) and the large volume
of accounting transactions. Therefore, this research focuses on the use of Computerized
Assisted Audit Techniques (CAATs) in the audit of companies.

This research assumes that the implementation of CAATs by the auditor will
provide a positive influence on transparency, audit quality and accountability of
financial statements of companies. Research about the use of CAATs and GAS is very
limited. Therefore, to find a reference regarding factors related to the use of CAATs or
GAS, this research reviews the literature of information system in auditing.

The following section will talk about the audit environment in the Kingdom of
Bahrain and the extent of interest in using Computer – Assisted audit techniques in
auditing process. The rest of the paper will discuss the key findings with reference to
prior literature. The conclusion and suggestion for future research are discussed further.

1.1 Research Objectives

The main objective of this research is to give a clear picture of the electronic auditing
environment in companies. The researchers aimed to determine the main benefits
achieved by both internal and external auditors from the usage of CAATs. The

366 R. J. Jaber and R. M. Abu Wadi



researchers conducted a review of previous studies on GAS which is one of the most
important of these audit techniques. Also, the researchers reviewed the practical reality
of using the electronic tools of auditing in Bahrain

1.2 The Contributions of the Study

This research makes two contributions to the literature:

(1) This research contributes academically by providing comprehensive illustration of
the utilization of CAATs and GAS by the auditor of the company in creating
transparency, audit quality and accountability. Also, the study reviews the positive
and negative opinions of researchers on the application of GAS in the company.

(2) This research gives a clear indication of the importance of electronic auditing in
emerging economies such as Bahrain. The scarcity of previous studies on E-audit
in Bahrain is might be due to the low number of audit failures. Since the estab-
lishment of the first shareholding companies until 2008, there were only three
reported cases of audit failure (Al-Ajmi 2009). Consequently, this study investi-
gates the use of electronic auditing techniques in Bahraini audit environment,
while previous studies searched on other issues in auditing; such as corporate
governance, independence and audit quality. Hence, this study provides additional
insights to E-audit in Bahrain.

2 Literature Review

2.1 Audit and Information Technology in Bahrain

The audit in Bahrain is much respected profession like other parts of the world. Many
audit firms are operating in Bahrain including all Big 4; The Big Four accounting firms
refer to Deloitte & Touche (D&T), PricewaterhouseCoopers (PwC), KPMG, and Ernst
& Young. The audit firms are specialized in a number of services, such as external
audit, internal audit, taxation, consultancy services, fraud examinations and legal ser-
vices. In Bahrain, the main services offered by the audit firms are external auditing and
internal auditing. External auditing is focusing on providing a reasonable assurance on
the financial statements free from material misstatements and according to International
Financial Reporting Standards (IFRSs).

Audit services in Bahrain are provided by 24 accounting firms. Five of these are
considered local; four are operating as foreign branches; and the remaining are linked
to international firms. The Big 4; have a strong presence in Bahrain Kingdom (Joshi
et al. 2009).

A survey in Bahrain of 300 financial and credit analysts shows that they considered
auditors’ opinion useful. Both groups assume that the characteristics of Big-Four firms
allow them to produce better-quality reports than non-Big firms (Al-Ajmi 2009).
Auditors in Bahrain indicated that the major process’ problems are associated with the
client’s culture lack, access to information, evidence problems and poor accounting
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systems. All of these problems may ultimately lead to poor audit quality in Bahraini
audit environment (Joshi et al. 2009).

Audit services in Bahrain are regulated by the Amiri Decree (No. 26 of 1996). To
register at the Auditors Registrar at the Ministry of Industry and Commerce Applicants
must satisfy the following conditions: (1) “must being a Bahraini citizen (with the
exception of members of internationally recognized accounting/auditing societies and
holders of CA, CPA, or ACCA qualifications recognized by the relevant authorities)”.
(2) “In accordance the law an auditing firm may be registered as a Partnership Com-
pany, a Branch of a Foreign Company or an Individual Establishment (sole propri-
etorship)” (http://www.moic.gov.bh).

The Central Bank of Bahrain (CBB) requires financial institutions to be audited by
one of the big audit firms. It is also required from audit firms to get two licenses, the
first to practice auditing and the second to offer auditing services to financial institu-
tions. Auditors who are specialized licensees must be independent. Auditors who are
resigned or removed from their tasks are required to inform the CBB of the reasons for
the termination of their appointment. In Bahrain, it is not mandatory to switch audit
firms, but experience has shown that switching of audit firms in many cases only after
audit failure. The CBB requires auditors of financial institutions to switch auditing
partners at least every five years (Said and Khasharmeh 2014).

On the other hand, the CBB requires commercial banks to appoint a specialized
consulting firm for auditing on the electronic banking system, in order to expose the
existing gaps and weaknesses in the system. If any such gaps found it can penetrate the
data of customers, which may cause cases of fraud.The Central Bank is taking vol-
untary measures towards the violator banks. The bank should conduct the E-audit every
six months, twice a year, and the auditor must be independent. We must clarify the
meaning of the electronic auditing. It is the process of applying any sort of operating
system by using information technology to assist the auditor in planning, control and
documentation of the audit (Thomas and Henki 2009).

The Information Systems Audit and Control Association (ISACA), Bahrain branch,
was established in Bahrain in October 2010; to enhance the role of information tech-
nology and security. Bahrain is a developed financial center in the Middle East region
and relies heavily on IT in various financial transactions. The Bahraini branch of
ISACA has a number of qualified human resources that will contribute to raising
awareness of the importance of information systems in the Kingdom of Bahrain. It
offers to its members some professional and specialized certificates in auditing, security
of information systems and governance.

On the other hand, the internal auditing in Bahrain focuses on operations, internal
controls, policies and procedures, corporate governance, risk management and com-
pliance with laws, regulations and by-laws. Furthermore, the internal auditor is
responsible to assess the internal controls of the audit and report to the client, whether
there are effective internal controls to detect or prevent frauds and errors. The cost of
these services may differ from one audit firm to another, depending on a number of
factors, such as the size of the client, the number of transactions per year and the nature
of the client business.

Banks use different ratings for the audit firms in Bahrain. This ranking influences
on the amount that will be lending to a client. For example, KPMG Fakhro has “A”
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rating, and if a company provided the bank with an unqualified audit report from
KPMG Fakhro, then the bank will lend the highest loan amount to the client. In
contrary, if a client provided an audit report from an audit firm with a low rating, the
client may even not get a loan or get lower amount of loan from the bank.

The audit market in Bahrain has special characteristics. It is characterized by
dominance of few auditing firms; the Big Four, largely uncommon cases of switching
audit firms, weak enforcement of regulation reverent to audit industry; with exception
of those related to financial institutions (Al-Ajmi 2009).

Most of the companies in Bahrain are from Small and Medium Enterprises (SMEs).
From April 2014, Bahrain and other Gulf Cooperation Council (GCC) countries are
facing difficulties of budget deficiency due to the decrease in the prices of oil. The GCC
economies are encouraging the market to save more rather than spending. GCC gov-
ernments are trying to diversify their economic activities such as manufacturing,
tourism, financial services and Information and Communication Technology
(ICT) services and others. That’s the reason, that companies in Bahrain and other GCC
are more focusing on the external auditing, rather than any other services. The other
reason of external auditing is its mandatory requirement as per the law. Further, this is
because the audited financial statements are a requirement for many services, such as
getting a loan from the bank, renewing the commercial registration, in addition to
others. This fact can be reflected in the revenues of audit firms, as it generates the
highest revenue from external audit among all the services provided.

Alqatanani and Hezabr (2015) surveyed a sample of 40 audit firms in Kingdom of
Bahrain; to measure the extent of recognizing the auditing strategies in light of
information technology. The most important findings of the study were: There is a Lack
of sufficient level of awareness among auditors in Bahrain on auditing strategies and
electronic audit, the level of using of information technology is low in various fields,
the lack of financial resources and software needed to implement the electronic audits,
the lack of appropriate level of scientific and practical training of staff to audit in the
light of information technology, the lack of confidence in electronic procedures, fear of
data loss and the inability to maintain data protection. In addition, there is a belief that
the expansion through the use of information technology will lead to the downsizing of
some employees.

2.2 Background of Electronic Audit

The auditing sector has always been perceived as a sector that exceeds being com-
plicated. It is a sector that full of challenges. The auditing profession is one of the
numerous domains that got impacted by the advances that took place in the entire world
due to the technological and information revolution. Paper-based auditing became
something of the past though there are auditing firms that still implement it. At the
same time, paper-based auditing was quite replaced by electronic auditing. Electronic
auditing has been referred to as “Computer assisted auditing, where electronic records
are used to complete all or part of the audit” (Florida Department of Revenue 2002).

Technologies that do merely exist about twenty-five years ago have already gained
power after being amended. These tools are now able to hide general mismanagement
and fraudulent practices in an unbelievable that is completely different from the old-
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school auditors. Fortunately, technology managed to make use of some new trends in
the auditor’s quiver. Such trends have been found to be used in a particular manner.
One of the most significant advantages for e-auditing is facilitating the processes of the
confirmations that were considered by auditors as problematic and time-consuming
issues. These issues are considered as more difficult, particularly; when there some kind
of misuse which may leads to fraudulent practices. Unlike computer based auditing,
paper-based editing has various disadvantages. Human intervention in the sequences of
the activities is one of the most prominent disadvantages that has been given due
attention by reviewers in this domain (Solieri and Hodowanitz 2016).

Literature shows that there are numerous computer-based auditing instruments and
techniques that were introduced have been developed to aid auditors while doing their
audits on computerized accountancy data. One of the most widely implemented soft-
ware tools is known as generalized audit software (GAS) (Singleton 2006). This
software which is referred to as “GAS” is implemented by auditors to analyze and audit
the data they have; whether they are categorized as live data or extracted data from a
wide array of applications (Debreceny et al. 2005). GAS has been referred to as that
data extraction or data analysis software that was made up to carry out particular audit
procedures and statistical analyses.

The functions of this software include browsing, analyzing, categorizing, sum-
marizing, stratifying, sampling and implementing calculations. In spite of the fact that
the majority of audits do currently apply electronic audit procedures on their audit
work, the core processes of audit are not usually adopted without the automation
offered by GAS. Nevertheless, auditors still tend to apply some of the most traditional
auditing procedures while composing their own audit points of view depending on a
sample of accounting transactions instead of investigating all the available data.

To illustrate the differences between CAATs and GAS, Braun and Davis defined
CAATs as “any use of technology to assist in the completion of an audit”. Based on
this definition, there are various types of CAATs, ranging from word processing or
electronic spreadsheets to expert system (Debreceny et al. 2005). Moreover, CAATs
used by external and internal auditor can be grouped into electronic audit working
paper, fraud detection, generalized audit software (GAS), and continuous monitoring
(Mahzan and Lymer 2014). So that, we can say that GAS is one type of CAATs that
helps auditor to do data extraction, data query, data summary, data analysis (Ahmi and
Kent 2012). GAS is divided into two types which are commercially available software
and internally developed software (Widuri et al. 2016).

2.3 Benefits of E-Auditing

It is nature of the records of the firms that makes auditors take the decision of whether
or not; e-auditing is going to be applied instead of paper-based audit. There are
numerous benefits that the firms harvest from the implementation of the e-audit. It is
probable that electronic audits can minimize the overall endeavors exerted by the
clients as well as the audit department to complete the audit. When the time required to
fulfill the auditing processes is short, cost savings do directly exist. There are various
examples in which, procedures that provide detailed audit are likely to be performed
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through electronic data in the same duration taken to audit a sample of paper
documents.

Among the advantages of using the Computer-Assisted Audit Techniques
(CAATs), we include:

(1) Testing the client’s accounting software, as the auditor can verify whether it
works correctly or not. Hence, the auditor can test the accounting program and its
records directly at their origin, rather than testing paper documents that are sup-
posed to be accurate replicas.

(2) Testing of large volumes of data in a short time and with good accuracy. When the
auditor uses CAATs, he will be more confidence in his opinion.

(3) Cost effectiveness because, once an audit software is implemented, it can be used
year after year to obtain audit evidence.

(4) CAATs can help in the transparency of financial reports within organizations
because they are tools where fraudulent and misappropriated practices are easily
detected (Olasanmi 2013).

The auditor should make comparisons between the results obtained using
computer-assisted techniques and the results of traditional tests. If similar results are
obtained, the auditor’s general confidence will grow (Ciprian-Costel 2014).

3 Audit Quality and CAATs

Audit quality is a concept that has different definitions for different researches.
DeAngelo (1981) hypothesizes a two-dimensional definition of audit quality: First, a
material misstatement must be detected, and second, the material misstatement must be
reported. Consequently, Titman and Trueman (1986) propose that a good auditor
provides precise information regarding the firm’s value. Audit quality is defined as the
probability that financial statements contain no material misstatements (Palmrose
1988). While Davidson and Neu (1993) define audit quality as the ability of the auditor
to detect and eliminate material misstatements and manipulations in the net income
reported.

We can say that audit quality is the increasing function of the ability of an auditor to
detect accounting misstatements and it is related to the degree of auditor independence.
Here, the following question arises: Should the auditor use Computer-Assisted Audit
Techniques (CAATs) to improve the audit quality?

Users of financial statements perceive audit reports to provide absolute assurance
that company’s financial statements have no material misstatements and do not per-
petrate fraud (Epstein and Geiger 1994). However, auditors perceive audit reports to
provide a reasonable assurance in terms of strict adherence to International Accounting
Standards (IASs) requirements.

Previous studies show that auditor should utilize technology for audit process
(DeAngelo 1981) because it can increase effectiveness and efficiency in making
decision for audit (Janvrin et al. 2008). Moreover, the use of technology by auditor can
increase the quality of audit procedure and the quality of audit result (Manson et al.
1998).
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A study conducted by Ahmi and Kent (2012) was originally intended to explore the
level of implementation of the external auditors in the UK for the GAS as an audit
software on SMEs in the UK. Data statistical analysis showed that the implementation
of GAS is not common in between UK auditors as seventy three auditors reported their
rejection for implementing GAS as they find it is not that beneficial for their auditing
clients. The benefits of the GAS implementation were confronted by its high cost.

Another study by Vasarhelyi and Romero (2014) found that integrating technology
support teams with auditors is a process that leads to improving usability in addition to
maximizing adoption of technologies in auditing. The main results of (Omonuk and
Oni 2015) showed that there is a positive relationship between the use of CAATS and
audit quality in Nigeria. Also, the study explained that local Nigerian firms are not
effective in applying CAATs, and do not produce quality audit reports. The purpose of
the study of Eni (2016) is to present and discuss the most recent concepts in auditing
which is “the online collaborative audit system”. Data analysis guided the researchers
to introduce the online collaborative audit system which was defined by the researcher
as “An inter-organizational system that employs the techniques of collaborative
intelligence between the stakeholders of the audit process within a particular area that is
dependent on the Internet”. Though carrying out an assessment of the system design,
the researchers were able to predict that an online collaborative system is likely to
implement.

4 The Roles of Electronic Audit

As one of the most widely implemented audit software by audit firms GAS has been
identified to enable auditors to find out the financial statements’ misstatements whether
or not, these misstatements are on purpose. This has been a great support for auditors to
fulfill the overall audit objectives that include: verification of audit data, fulfillment,
ownership, assessment, accuracy, categorization and disclosing the data produced via
the accounting software (Debreceny et al. 2005). There are numerous packages of
software included within GAS. These packages are: audit command language (ACL);
IDEA; and ProAudit. Such packages of software are likely to permit auditors to
interrogate various systems of accounting which guides auditors towards carrying out
one hundred percent accurate, true, and fair data for their clients (Greenstein-Prosch
et al. 2008).

Making use of electronic audit and its software packages has been identified to be
extremely beneficial and significant. Implementation of the electronic audit has been
given due care and support by the auditing standards. The benefits of the electronic
audit and the implemented software such as GAS have been reviewed in various
occasions and studies. This software investigated and was found to be compliant with a
lot of functions of CAATTs that actually stem from auditing standards that were
introduced by the American Institute of Certified Public Accountants (AICPA) (Janvrin
et al. 2009).

In one of the most well-reputed countries for their auditing firms such as the UK, it
has been found that implementing electronic audit and making use of the audit software
as GAS overwhelms the audit profession. This is attributed to the fact that there is a
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wide recognition for the numerous functionalities and benefits provided by GAS to
auditors and audit firms. There are assertions that audit software firms such as Sage
which is a world class audit software provider has already provided their audit software
to a number of seven hundred and sixty thousand SMEs all over the UK. This is an
apparent evidence for the global tendency to employ electronic audit instruments and
software. This can also be thought of as an evidence supporting auditors’ usage of
electronic audit and\or adopt software as GAS.

5 Conclusions and Suggestions for Future Studies

5.1 Conclusions

The following is the conclusion of this research:

• The main result of this paper is summarized by determining the benefits and
challenges of evolving from traditional audit techniques to CAATs. In IT envi-
ronments, the auditors would start using the tools of business intelligence, a key
factor which contributes to making successful business decisions. CAATs enable
auditors to test large amount of data quickly and accurately and therefore increase
the confidence they have in their opinion. The findings of previous studies showed
that CAATs have played a major role in fraud detection, transparency, audit quality
and cost effectively. E-auditing is facilitating the processes of the confirmations that
were considered by auditors as problematic and time-consuming issues.

• This research provides more detailed information about the use of GAS in the
different sectors of companies. This research was conducted by reviewing many
previous studies. Despite GAS is a wellknown program in extracting data, ana-
lyzing, browsing, classification, sampling and computation; auditors still tend to
apply some of the most traditional audit procedures with their audit points. Some
auditors found that GAS is not beneficial for their auditing clients. The benefits of
the GAS implementation were confronted by its high cost.

• External auditors are recommended to use Computer Assisted Audit Techniques
particularly when the majority of the available financial information would be in an
electronic form.

• The features of the audit team individuals and integrating technology support teams
with auditors; are improving usability in addition to maximizing adoption of
technologies in auditing.

• It is required from auditors to make better understanding of the standards of IT audit
and their guidelines on carrying out an IT audit. Here, the auditors must focus on
audit standards related to IT, as published by AICPA and ISACA.

• The researchers predicted that an online collaborative system is likely to be
implement, which achieves many benefits for auditors.

• I think that the study was able to shed light on a certain part of the practical reality
of electronic auditing in Bahrain.
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5.2 Suggestions for Future Studies

This research provides opportunities for future research, which are:

(1) Future research to measure the actual use of CAATs or GAS by the audit firms in
Kingdom of Bahrain.

(2) Future research could examine quantitatively to what extent inhibiting factors
affect the intention of the auditors in Bahrain to use CAATs or GAS.

(3) Future research could perform a model that links the quality of auditing as a
dependent variable and the techniques of electronic auditing (CAATs) as an
independent variable. This model can be tested quantitatively through an applied
study of auditing companies in emerging economies as Bahrain.
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Abstract. Internet and mobile banking is becoming more important worldwide.
New technologies have huge impact for the introduction of new functionalities
in both internet and mobile banking. Growth of Internet users and smartphones
also has an impact on this growth. The Czech Republic was using internet
banking above the European Union average in 2017. In the European Union
51% of individuals used internet banking and 57% of individuals in the Czech
Republic. The main aim of the article is to analyze the situation in the use of
internet banking in the Czech Republic by the number and percentage of indi-
viduals and by age, gender and education. The second part of the article is
focused on the analysis of ten banks with the largest number of clients in the
Czech Republic, where they analyze the latest and most needed features of their
mobile banking from the client and expert juries perspective. The article uses
primary and secondary data.

Keywords: Internet banking � Mobile banking � Function � Bank

1 Introduction and Current Situation

With the sky rocking number of smartphone users and popularizing of internet
worldwide, there with the phenomenal growth of e-banking transactions through
mobile phones. According to a recent forecast (Internet world, 2015) [1].

Mobile and Internet Banking has a great contribute in online banking revolution,
which is giving a competitive edge to the banks against their rivals. Especially
“Transaction Alert/Confirmation” is most demanding service by users. Customers feel
that after monetary transaction the SMS should be received, and they prefer the version
of the IVR (Interactive Voice Response) banking service that provides (out-of-band)
SMS confirmation over those one that does not [2]. Therefore, online banking helps
banks to retain and enhance the loyalty of their existing customers, increase customer
satisfaction, provide opportunity to the banks to increase market share, reduce
administrative and operational cost and to improve banks’ competitive positions
against their rivals [3–5].

The popularity of Internet banking is growing worldwide. Internet banking is the
only activity that students use to a lesser extent than the average population (of the
monitored population).

© IFIP International Federation for Information Processing 2018
Published by Springer Nature Switzerland AG 2018. All Rights Reserved
S. A. Al-Sharhan et al. (Eds.): I3E 2018, LNCS 11195, pp. 376–386, 2018.
https://doi.org/10.1007/978-3-030-02131-3_34

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_34&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_34&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_34&amp;domain=pdf


2 The Literature Reviews

The market for banking services in the Czech Republic is characterised by high
competition. The market was recently joined by four new ‘low-cost’ banks which opted
for an offensive pricing strategy to enforce themselves. [6] One of the ways to keep the
number of clients for existing banks is Internet and Mobile banking.

The Promotion of online banking technology enabled the banks to enhance its
operations with cost cutting effectively and efficiently in order to handle daily banking
affairs via online banking channel. Customers are being facilitated by reducing their
visits in banks and they can carry out their transactions via internet or ATM Machines
instead of personally visiting the branches [5].

With the growth of using e-banking transactions through mobile phones in China, it
brings along with convenience of people’s life as it enables people to have access to
banking services anywhere and at any time as well as it conducts business more
effectively [7].

When the consumer has a market overview then the optimal product can be chosen
more or less easily. Soukal and Draessler [8] model more realistic situation where the
consumer does not have a market overview and so the process of search has to be
performed. The harder the search is the higher information asymmetry is. Currently,
clients decide how according to the charges for current account and primarily by the
level of Internet and Mobile Banking. Customers are particularly interested in the
features to help control and manage their accounts.

In the last decade, Internet banking technology has made remarkable progress.
However, there is a huge disparity across different nations all over the world in the
diffusion of Internet banking services. This leads to the research question of Takieddine
and Sun [9] study: why different countries exhibit different levels of Internet banking
adoption? We will focus on the situation of Internet Banking in the Czech Republic.
Regarding technological readiness the Czech Republic is doing better than the other
Visegrad countries. Citizens are technological equipped, and they have competencies to
use e-banking. [10] Černohorská et al. [11] examine the comparative performance of
Banks for the Visegrad group (V4) of four Central European States for the period
2009–2013. Their results showed that average technical efficiency (for all banks)
trended upward during the study period. This increase efficiency is not common for all
banks in the Czech Republic, Poland, Hungary and Slovak. They found that efficiency
for Czech, Polish and Slovak banks increase during research time. Development of
efficiency Hungarian banks has on the contrary a downward trend from 0.882 in 2009
to 0.856 in 2013. We also founded that the Total Factor of Productivity (TFP) changes
across all countries was relatively stable in 3 of the 4 observation periods.

Smaller firms, however, invested more in research and development (R&D) and
Vokoun [12] was found no linear relationship for output characteristics.
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3 The Goal of Article and Methodology

The article is based on primary and secondary sources. Secondary sources comprise
information about Internet Banking in the Czech Republic and European Union, pro-
fessional literature, information collected from professional press, discussions or pre-
vious participations in professional seminars and conferences relating to the chosen
subject. Primary resources are based on information obtained from the web portals of
individual banks in the Czech Republic. Then it was necessary to select, classify and
up-date accessible relevant information from the numerous published materials that
would provide the basic knowledge of the selected topic [13].

The goal of the article is to focus on the Internet Banking in the Czech Republic
and its position within the European Union. The second part of the article analyzes new
features in mobile applications at the top ten banks according to the number of clients
in the Czech Republic. Mobile application data are used from competition Zlatá
Koruna [19], where authors are jurors. Data on mobile applications are also obtained
from the websites of individual banks.

The aim of the article is to verify the scientific question: At least 1/3 of the clients of
the three largest banks (according to the number of clients) use mobile banking in the
Czech Republic.

4 Internet Banking in European Union

By 2017, the share of EU-28 households with internet access had risen to 87%, some
32 percentage points higher than in 2007.

Broadband internet access was used by 85% of the households in the EU-28 in
2017, approximately double the share recorded in 2007 (42%) [14].

Figure 1 shows that on average 51% individuals aged 16–74 used Internet banking
in in European Union in 2017. This share is constantly increasing and has doubled
since 2007, when it stood at 25%.

Internet banking is particularly popular among 25 to 34 year old, with 68% using
this facility. The use of internet banking tends to increase in line with the education
level of the user. While only 24% of those with low education use e-banking, 77% of
those with high education use this service.

Among EU Member States, internet banking is most common in Denmark (where
90% of people aged 16 to 74 said they were using it) and the Netherlands (89%),
followed by the other Nordic countries - Finland (87%) and Sweden (86%).

The lowest shares were registered in Bulgaria (5%) and Romania (7%). Less than
30% of those between the ages of 16 and 74 use internet banking in Greece (25%) and
Cyprus (28%) [15].

Internet Banking is second less popular among the youngest ones. Only 44% of
younger internet users performed some kind of electronic transactions with a bank (for
payment, transfers, etc. or for looking up account information) against 55% aged 55–74
and 65% aged 25–54 in 2016 [16].

More and more people use Internet banking in the Czech Republic. Internet
Banking was used by 3.9 million individuals in 2015 and by 2017 4.5 million people.
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The Czech Republic has 10.6 million inhabitants. Figure 1 shows that the Czech
Republic is above the EU average and 57% of individuals used Internet banking in
2017.

5 The Results of the Internet Banking in the Czech Republic

5.1 Internet Banking in the Czech Republic

Figure 2 shows individuals using Internet Banking in the Czech Republic. Only 0.9
million of Individuals used the Internet Banking in 2007. About 10 years later used the
Internet Banking 4.5 millions of Individuals from 10.6 millions people in the Czech
Republic.

11% of individuals used Internet Banking in the Czech Republic in 2007. In 2011,
internet banking was used by 27% of individuals, by over 38% for two years. In 2015,
growth slowed down, and Internet Banking was used by only 45% of individuals. 52%
of individuals used Internet Banking in 2017.

In a deeper analysis and use of statistical functions, it was subsequently found that
Internet Banking has increasing trend. The logarithmic trend explains 93% of the
variance. The linear trend explains over 95% of the variance.

Overall, Internet Banking uses 52% of individuals in 2017. Of this, 55% of males
and 49% of women use the internet banking in the Czech Republic (see Fig. 3).

66% of individuals using the Internet in 2017 and 52% of individuals using Internet
Banking in the Czech Republic. Interestingly, in the 16-24 age group, all who use the
Internet are also using Internet banking. This trend, with a slight decrease, can be
observed for the age groups of 25–54 years. Since the age of 55, there has been a steep
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Fig. 1. People who used Internet banking in 2017 (% of individuals aged 16–74), Source:
Eurostat [15], own processing
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decline in the use of Internet Banking. Only 12% of individuals from age 65 + use
Internet Banking. The Internet uses 36% (see Fig. 4).

The increase in the share of the number of Internet banking users in the total
population has been the highest in the Czech Republic over the last 10 years of all EU
countries. High charges for mobile data defended a bigger use of Internet banking.

0.9

1.5

2.4

3.4

3.9

4.5

11%
17% 27% 38% 45%

52%

y = 2.0611ln(x) + 0.5258
R² = 0.9396

y = 0.2352ln(x) + 0.0592

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 5 6

millions of individuals  % of individuals total

Log. (millions of individuals) Log. ( % of individuals total)

Fig. 2. Individuals using Internet banking in 2007, 2009, 2011, 2013, 2015 and 2017, Source:
Czech statistical office, [17], own processing

48 %
55% 

49% 
52 %

% of individuals total

Total Males Females

Fig. 3. Individuals using Internet banking by gender in 2017, Source: Czech statistical office,
[17], own processing

380 M. Hedvicakova and L. Svobodova



Every year a growing number of individuals using Internet Banking also by
completed education. Internet Banking is used mostly with people with higher edu-
cation. 80% of individuals with higher education uses Internet banking in 2017. For
comparison, people with primary education use Internet banking only from 12.1% (See
Fig. 5).
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5.2 Mobile Banking in the Czech Republic

In April 2018, forty-six banks and branches of foreign banks operated in the Czech
banking market according to the Czech National Bank. The analysis of mobile banking
functions will be performed at ten selected banks according to the number of clients. The
banks examined include: Česká spořitelna, ČSOB, Komerční banka, MONETA Money
Bank, Fio banka, mBank, Air Bank, Raiffeisenbank, UniCredit Bank and Equa bank.

These banks are currently the largest total assets of the Czech banking sector
(excluding mBank, which would be 11th and vice versa, would be SberBank)
(Table 1).

The research question has not been confirmed. The three largest banks by volume
of clients: Česká spořitelna, ČSOB and Komerční banka have fewer than 1/3 of mobile
banking users. This criterion was fulfilled only by Komerční banka. Much more is
being used by Mobile Banking at smaller, low-cost banks. For example, Air Bank uses
its mobile app 50% of clients. The two largest banks are conscious of a small number
of mobile application users and are constantly developing new features and intuitive
control. Česká spořitelna launched the George mobile application, where by the end of
2018 plans to increase the number of users over one million. Large banks are disad-
vantaged by a large number of branches, and clients are older age groups that prefer
branch services rather than modern technologies.

FIO Bank was the first in the Czech Republic to launch Internet Banking in 1998.
In 2011, FIO Bank launched its first mobile application. Although internet banking is
used by 57% of users. Mobile banking is not as widespread. Users pay high fees for
their data tariffs, which then hinder the increased use of Mobile Banking in the Czech
Republic.

The authors of the article are the jury in the prestigious Zlatá Koruna (Golden
Crown, competition [19]), which is oriented to the financial market in the Czech

Table 1. Number of clients in 2016 and 2017, [18, 21, own processing]

Bank Number of
clients in 2016

Number of
clients in 2017*

Use of mobile
banking

Česká spořitelna 4 707 000 4 680 000 350 000
ČSOB 2 803 000 2 766 000 250 000
Komerční banka 1 654 000 1 654 000 500 000
Moneta money bank 970 000 1 000 000 200 000
FIO bank 670 000 770 000
mBank 630 00 630 000 140 000
Air bank 515 000 596 966 300 000
Raiffeisen bank 500 000 does not state
Unicredit bank 350 000 303 000 more than half
Equa bank 250 000 307 000 more than half
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Republic. They judge two areas: accounts and online applications. In total, ten areas are
compared and one specifically for entrepreneurs.

The analysis confirms that currently eleven useful features are being promoted in
mobile banking and new ones are still emerging [20, 19 and the websites of individual
banks]. Important features include:

Open section:

• Fee calculator
• Exchange rates
• Branches
• Contacts
• Search for ATMs and branches

Secured section:

• Fingerprint, Touch ID (Reports, Overview of reports and details)
• Accounts (overview of balances on active accounts (current, savings and term) and

their total by currency, Transaction history etc.)
• QR codes (Payment via QR codes)
• Reports (Overview of reports and details)
• Templates (Template overview, Template adding/editing/deleting)
• Payment orders (Placing orders between your accounts, Placing single CZK pay-

ment orders within the Czech Republic, Placing single EUR payment orders to
Slovakia, Placing EUR payment orders in the Eurozone (TARGET2), Placing
foreign payment orders, Overview of “pending” payments (with maturity in the
future), Overview of incomplete payments) [21, 22]

• Mobile payment card management
• Arrangement of credit via mobile or via mobile application
• Opening a current account for a mobile phone or via mobile application
• Mobile cards for NFC mobile payments
• “Pay me” - a simple payment among people

Smart bank from MONETA Money Bank won the best mobile app. The main
benefits of Smart bank v. 1.15 include: setting up a real online account via an appli-
cation, sending money via iMessage (no account number, no login to Smart Bank),
direct invoicing with QR code directly from the email, authorization of payments and
sign in application via Face ID and Touch ID (no limit), virtual currency exchange FX
Money.

The news that MONETA Money Bank introduced in 2017 were payment reporting
and login to the application through Face ID and Touch ID, the ability to open a free
account (no terms) and SmartBank directly from your mobile phone for a few clicks
within 10 min, sending money over iMessage, invoice payments with QR code directly
from email, virtual currency exchange FX Money, Apple Watch, Google Pay, widget
as the first banking application in Central Europe I optimized the application for iPhone
X and Face ID, loan, free and fully online from SmartBank on a few clicks.

In the first half of 2018 they planned iPad version, notification of change of balance
through push notifications, OLED application mode, PDF statement from account,
addition of other accounts from other banks (PSD2).
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Overall rating Smart bank 1.15: Top rated mobile apps both by professional jury
and by users themselves. Monthly updates are released with improvements and new
features as per clients’ requirements. The biggest advantage of this application is
Google Pay, Face ID.

The second place was mBank with mobile application mBank 3.0. The main
advantages of this Smart banking include: Net to minimalist design, introducing the
application step by step, adapting apps to their needs (shortcuts to features the client
prefers), linear navigation, end of the “hamburger menu” and one-handed control.

New features include: Maximum direct call to service mileage from a mobile
application without the need for further verification at a telephone banker So just run
the application, enter the 8-digit PIN, and then press the symbol green headphone and
be connected directly with the banker to mLine. Establishing travel insurance in a
mobile application.

Overall rating of mBank 3.0: The mobile application is modern and contains all the
necessary security features that are currently required by clients. Some clients evaluated
the minimalist design negatively. The biggest advantage of the application is that it is
the first application with integrated Google Pay service, alerting for spending expen-
ditures and integrated face recognition for the iOS.

Equa Bank ranked third with a new mobile application. This is a modern user
design that takes into account trends in the most commonly used applications. Intuitive
management.

All three applications are for Android and iOS smartphones.

6 Conclusion and Discussion

The aim of the first part of the article was to analyze the use of Internet banking in the
European Union and especially in the Czech Republic. All the indicators surveyed had
a growing trend and showed a growing trend in the use of Internet banking, although
growth rates slowed down from 2015 onwards. Even so, the Czech Republic is above
the EU average in using Internet Banking. Cheaper data tariffs from telephone oper-
ators contributes to faster growth of Internet and Mobile banking.

The second part analyzes the ten largest banks in the Czech Republic according to
the number of clients. For these banks, it examines how the new features in its mobile
banking and how it differs from the competition. The high competition in the banking
market forces individual banks to offer constantly new features and services. All sur-
veyed banks are trying to attract customers with its mobile applications. Banks monitor
trends and customer requirements and strives to continually innovate their products. It
is a question to discussion whether all functions for clients are needed and how long
they will be offered by banks.

The three largest banks have less than 1/3 of mobile banking users. The scientific
question was not confirmed. Smaller low-cost banks have up to half of mobile users.
They have clients who are not afraid to change the bank and are willing to use a new
technical solution. Their clients are in productive age, where the rate of Internet and
mobile banking is the highest. Traditional conservative clients stay with large banks,
but they offer all the service on a dense branch network.
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It is a question of how the market will change because of “open banking” under the
PSD2 (Revised Payment Service Directive) Directive, which aims to create a single
payment market through bank and fintechs regulation.
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Abstract. Financial literacy now appears to be a key component of a successful
national economy and successful personal finance and budgeting. Financial
education, financial consumer protection and financial inclusion are the goal of
top country policies. For this reason, it is necessary to assess the levels of
financial literacy in each country. There are several solutions for education in
this field. The aim of the article is to state selected solutions that will support
financial literacy of pupils at secondary school in the Czech Republic. Paper is
starting point to this issue for future analysis. Digital dementia is one of the
issues solved in the article. Advanced technologies and their use are some
presented solutions as are web portals, learning management systems, PC and
Internet games, social networks, blogs or other possibilities. Three web portals
that can be used for getting higher competencies in financial literacy will be
presented and evaluated at the end of the article. Primary and secondary sources
were used in the processing of the article.

Keywords: Financial literacy � Web portals � Education � Digital dementia
Competencies

1 Introduction

Financial literacy, its importance, measuring issues, implementation of financial edu-
cation programms and related topics are frequently discussed in academic and public
environment. High level of financial literacy makes a large contribution to the financial
well-being of individuals, because financially literate individuals are more likely to
plan for retirement Almenberg and Save-Soderbergh [1] more likely to participate in
financial markets and perform better on their portfolio choice [2] and more likely to
accumulate higher amounts of wealth (Lusardi and Mitchell [3]). In turn “lack of
financial literacy was one of the factors contributing to ill-informed financial decisions
and that these decisions could, in turn, have tremendous negative spillover” [4].
Ciemleja, Lace, Titko [5], Kantnerová [6] shows the level of financial literacy in
different countries and find, if there is any, some methods, differences or connecting
matters, what can be used for the improvement of the situation, if needed [7, 11, 12].

Digital media are omnipresent in our daily lives. This popularity is giving rise to
fears about the possible negative consequences of computer and internet use [8].
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2 The Literature Review

PISA [9], p. 36 defines the financial literacy as: “Financial literacy is knowledge and
understanding of financial concepts and risks, and the skills, motivation and confidence
to apply such knowledge and understanding in order to make effective decisions across
a range of financial contexts, to improve the financial well-being of individuals and
society, and to enable participation in economic life”.

Understanding financial literacy among young people is essential for developing
effective financial education programmes [10]. The financial education focuses on
increasing the financial literacy. The financial literacy is defined by Atkinson and
Messy [13] as “a combination of awareness, knowledge, skill, attitude and behaviour
necessary to make sound financial decisions and ultimately achieve individual financial
wellbeing” [14].

Financial education has a preventive and controlling role of debt, increasing sav-
ings and investment. As such, the teaching of financial education helps to leverage the
knowledge of individuals regarding financial transactions, giving them useful tools for
decision-making Potrich, Vieira and Mendes-da-Silva [15]. In this sense, financial
education should cover the investment options, and convey the correct understanding
of the concepts related to inflation, interest and taxation (Lusardi [16]), [17].

Marcolin and Abraham [18] identified the need for research focused specifically on
measurement of financial literacy. Typically, financial literacy and/or financial
knowledge indicators are used as inputs to model the need for financial education and
explain variation in financial outcomes such as savings, investing and debt behavior.
Far fewer studies specifically emphasize measurement of financial literacy as an
objective. Huston [19] overview of the importance and measurement of financial lit-
eracy is presented to highlight current limitations and assist researchers in establishing
standardized, commonly accepted, financial literacy tools.

Gajewski [20] presents lessons learned from almost 25 sears long experiences with
different forms of E-learning. All experiences are definitely positive, but during the
research, manpasses and traps have been recognized and observed. Widely used
multimedia materials do not motivate poor students to learn. Instead of learning they
prefer to watch the materials in a passive way. Mobile learning, in which all materials
are available for smartphones, has increased this attitude towards learning. All quizzes
and tests cannot be replaced by a real exam. Knowledge of the answers on hundreds of
questions is not equal to the real knowledge of a certain field. Flipped classroom
paradigm for learning at home was not accepted by students. Moreover, E-education
creates chances for c-cheating. All these pitfalls and traps lead to the conclusion that F-
education is not a straightforward remedy for all current education problems.

3 The Goal of Article and Methodology

The article is based on primary and secondary sources. Secondary sources comprise
information about financial literacy and education in the Czech Republic and abroad,
professional literature, information collected from professional press, discussions or
previous participations in professional seminars and conferences relating to the chosen
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subject. Primary sources are based on the information gained from individual web
portal and from the research done at four secondary schools in Liberec in the Czech
Republic. Then it was necessary to select, classify and up-date accessible relevant
information from the numerous published materials that would provide the basic
knowledge of the selected topic [2, 7, 21].

The goal of the article is to focus on the financial literacy and the negative effects of
education using only digital media. The aim of the paper is to state selected teaching
materials that can be used to getting higher competencies in financial literacy of pupils
at secondary school in the Czech Republic. Solutions are stated in more ways and also
in the more and more popular electronic form. The sub-goal is to present and analyze
web portals that can be used by teachers of pupils in the process of education. Web
portals were selected according to Methodical portal (inspiration and teacher experi-
ence) that were prepared under the framework of Educational Programs in the National
Institute for Education [22].

4 Digital Dementia

German psychiatrist Spitzer [23], in his book “Digital Dementia”, demonstrates
through a series of surveys that digital learning technology not only does not help but is
even harmful. In simple terms, the basic thesis can be expressed as follows: By making
computers, the Internet or GPS navigation easier for us, they take us away from “brain
training.” When we are certain that the information is stored somewhere and we can
find it anytime, nothing When navigating in a car tells us where to go, we do not have
to concentrate on the space in which we move, ourselves - without navigation - we are
gradually losing our spatial orientation capability, and finally, when we become
accustomed to the possibility to search for information and at the same time watch
emails, chat, listen to music, etc., we lose our ability to concentrate, the ability to work
intensively.

4.1 The Secondary Effects of Digital Media

• Because of working with digital media we use the most logical part of the head.
Apart from logic, we neglect linguistic, verbal, musical, physical, visual, spatial,
intrapersonal and interpersonal intelligence (emotional intelligence and empathy).

• The perception of the environment and of itself is largely suppressed by watching
the display, as the glowing displays naturally attract attention without having to
consciously take it. It can be observed that people working or playing on computers
often ignore the needs of their body (hunger, thirst, need for movement, etc.) and do
not perceive the outside world.

• Perception of time is difficult, for the same reason, especially if you are doing
something to get enough of it.

• Definition of function and location. Considering the computer as a tool, it is difficult
to define its purpose, as it is multipurpose. People are naturally used to adjusting
their place and environment for their activity, which helps them keep their attention
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and build up work habits. If you use one thing in bed, chairs, office, transport, for
fun and for many kinds of work, it really costs a lot of energy to keep your goals in
mind and build some work habits at all.

• Multitasking. People commonly perform a variety of activities or work in multiple
applications at the same time. At the same time, they listen to music, play the game,
watch chat, download files, read emails every 5 min, write a task or learn? The
negative effect of switching attention has been confirmed by many studies.

• Physiological stress - work is particularly stressed on the eyes, spine and wrist
(RMS syndrome), lack of movement.

• A test of will and purposefulness - the number of available applications, interactive
and communication means, infinite amounts of information, videos and pictures,
music, colorful advertisements and games prepared by psychologist teams, to
engage as forever as possible, you do not see what you should do or what you want
to do.

• Procrastination is a phenomenon today.
• There are risks of dependence that are known and demonstrable [24].

5 Solutions for Improving Financial Competencies

5.1 Financial Literacy Standard in the Czech Republic

The Ministry of Finance published the revised Financial Literacy Standard, which sets
the target level of financial literacy for elementary and secondary school pupils on 20
July 2017. Compared to the financial literacy standards of 2007, these topics have been
strengthened: cashless payments, protection of personal data, critical assessment of the
supply of services and goods, budgeting and comparison of assets and liabilities,
remuneration, financial product comparison, short and long term planning, age security,
the emergence and risk of borrowings, the consequences of default and debt and over-
indebtedness.

The revised standard of financial literacy will be implemented in the Framework
Education Programs at their next revision. The National Institute of Education
encourages primary and secondary schools to compare the revised standard of financial
literacy with their school curriculum and, if necessary, their school education program
in the field of financial education during a transitional period (i.e. until the revised
standard of financial literacy is part of the framework educational programs) edited or
completed. The current adaptation of school education programs is not an obligation at
present, but only an option. In the case of adjusting the school education program
according to the revised standard of financial literacy, this adjustment will also be in
line with the current Framework Educational Program.

5.2 Possibilities for Improving Financial Literacy

It depends on the age of children, students or people that are in the productive age or
pensioner what information do they need. Pupils will need basic information and
knowledge in this field. Students will need deeper competencies in the financial world
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and citizens in the productive age or pensioners also. There are several possibilities,
how to improve financial literacy and competences of pupils in the Czech Republic in
this field. They are:

• Subject “Financial literacy” or more subjects focused on the financial competencies
and discussion at school

• Project days at school
• Web portals
• PC and Internet games
• Social networks
• Blogs
• Desktop games
• Books
• Discussion with parents.

In 2016 was done in the cooperation with author of this article the research of
financial literacy of pupils 8th and 9th grades of selected primary schools in the
statutory city Liberec [25]. The aim of the research was to analyze the degree of
financial literacy in selected primary schools in the statutory city Liberec and propose
possible solutions for the improvement of this literacy. Research was done via ques-
tionnaire and discussion face to face was done in the classes. 237 pupils from 4
secondary schools participated in the research. After a short interviews done with
pupils, it was founded, that the web portals were perceived to be one of the appropriate
means of education. Portals are positively evaluated because they are in electronic
form, which is currently trendy. Their use is an interesting part in education and it
motive pupils to study. For pupils it is essential that the site is attractively crafted with
an appropriate structure of knowledge related with its age.

5.3 Web Portal “Why Educate in Financial Literacy?”

In 2014, the Ministry of Finance of the Czech Republic launched a pilot version of the
PSFV portal entitled “Why Financial Education?” which can be found at www.psfv.cz
[26]. In particular, these sites:

• provide information on the functioning and risks in the world of finance,
• provide guidance and guidance in various areas of finance,
• help solve problems (over-indebtedness or financial market participants)
• highlight interesting websites with financial games, calculators and projects
• share PSFV members’ information.

At first glance, the site is uninteresting, but after a done analysis it is really clear and
fairly well developed. This is a glossary of the notions of the world of finance that every
financially literate person should know and control. The headings are broken down into
the nine basic training groups: Family finance, Description of the financial market,
Consumer protection, Loans, Money and accounts, Investment, Insurance, Pensions,
Conflict solving. Each section contains not only the basic concepts, but also other areas
that undoubtedly belong to the given problem. Everything is well explained and the
issue is supplemented with tutorials, calculators, links or a form.
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In the other columns there are various tips and guides (such as How to Retire or
Insurance, Information on Treaties, Payment Cards, etc.), Information for Professionals
(where they are trained, Legislation, Financial literacy level measurement, etc.). There
are also presented contacts in case of problems and need to seek help. Everything is
accompanied by important and clear news and an overview of financial education
projects.

The portal is an excellent electronic textbook not only for teachers, but also for
children and parents who could help orient themselves in the complicated world of
finance. All necessary and basic knowledge are provided, which is supplemented by
up-to-date information, which is very advantageous because all information are pre-
sented in one web portal and it is not only a theoretical portal, see Fig. 1 – description
of the financial market. Portal contains next parts: News, Family and Personal finance,
Description of the financial market, Consumer protection, Loans, Money and accounts,
Investment, Insurance, Pensions, Solving of conflicts, Tips & Guides, For profes-
sionals, Interesting links, Contacts, Dictionary of terms, They will help you and Test
yourself.

5.4 Web Portal “Money on the Run”

The Czech National Bank has launched and operates web portal focused on financial
literacy. The site is designed for young people that are aged 18-35 and seeks to educate
them in a comprehensible form. The pages are divided into 3 sections:

Fig. 1. Web portal “Why educate in financial literacy?” [26]
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• budgeting
• financial services
• life events [27].

The site also includes quizzes, a glossary of terms and ten commandments about
money. The portal can be used in school practice, but it is recommended especially for
secondary school pupils than for elementary pupils (See Fig. 2).

5.5 Web Portal “Life Without Debts”

Life without debts is the SEKO site, which implements the Fund for Further Education.
It was the project of Integrated Portal of the Ministry of Labour and Social Affairs of
the Czech Republic. [28] It is an animated series on financial literacy topics, which
deals with the following 10 advices:

• The rich and the poor, everyone must calculate
• We save a lot of money when we save on little things
• Debt trap
• Debit or credit, that’s a question!
• Do you have property? We’ll borrow you!
• Just let him see that we have it!
• Civic Counseling - Do not be alone on it
• They borrow without rules …
• RPSN and contracts - More heads know more.
• About bread and water.

Although the materials are primarily intended for job seekers in socio-economic
competencies, ten animated videos can be also used in school lessons. They are pre-
pared in the easy form with the animated videos. All the spots are uploaded on the

Fig. 2. Money on the run [27]
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YouTube Channel (see Fig. 3) [29]. Disadvantage of this site is only a few videos.
There are no more materials presented for study.

5.6 Evaluation of Web Portal Solutions

After the analysis, it can be estimated that “Life without debts” is the simplest solution
that contains only 10 videos without further study support. Therefore it can be only
used as an illustration. “Money on the run” is a more complex solution. However, it
does not cover all areas of financial literacy and it is intended for high school or older
students. As the most appropriate study material to support the improvement of
financial literacy was evaluated the “Why Educate in Financial Literacy” web portal,
which contains all components of financial literacy outside of inflation. It also contains
comprehensive study materials with clear pictures and quizzes on the selected topics.

6 Conclusion and Discussion

Appel, Schreiner [8] reviews the current empirical knowledge regarding the effects of
computer and Internet use. The meta-analyses yield no evidence for a supposedly
maladaptive influence of Internet use on social interactions, political and civic
engagement, or loneliness. The relationships between Internet use and well-being or
depression are small, but significant, as is the relationship between the use of digital
media and obesity. On average, learning with the computer and Internet, including
educational games, can have positive effects. However, there is substantial evidence for
negative effects of violence in computer games on aggressive thoughts, feelings, and
behavior.

Financial literacy, digital dementia and solutions for gaining higher competences in
financial literacy of pupils in the Czech Republic were solved in the article. Main part

Fig. 3. Life without debts [29]
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of the article was focused on the specification of several solutions how to improve
financial literacy. Solutions are based on the face to face communication, electronic
form or printed form. Online materials are now trendy for pupils. This is also reason
why the last part of the article is devoted to three chosen technical solutions that may be
used in the process of education at schools but also as self-study. Short description and
introduction of three Web portals recommended by the framework Educational Pro-
grams prepared in the National Institute for Education that are focused on the financial
literacy in the Czech Republic, “How to educate in financial literacy”, “Money on the
run” and “Life without debts” are presented and analyzed. Web portal “Why Educate in
Financial Literacy? was evaluated as the most comprehensive web portal solution that
were analyzed in the article.

The current adaptation of school education programs is not an obligation at present,
but only an option. The behavior of parents, neighborhoods and other components of
the economy is another element that affects financial habits. It is recommended to speak
and discuss about those issues and to ask in all times when we are not sure with our
steps.
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Abstract. Governments are releasing their data to the public to accomplish ben-
efits like the creation of transparency, accountability, citizen engagement and to
enable business innovation. At the same time, decision-makers are reluctant to open
their data due to some potential risks like misuse, sensitivity, ownership, and
inaccuracy of the data. The goal of the study presented in this paper is to develop a
FuzzyMulti-CriteriaDecisionMaking (FMCDM) approach to analyze the risks and
benefits to determine the decision to open a dataset. FMCDM is chosen due to its
capability to measure and weight the relative importance of the criteria. FMCDM
need the weighting of criteria as input. For this Fuzzy Analytical Hierarchy Process
(FAHP) is utilized by collecting input from experts’ knowledge and expertise. The
scores for each criterion are summed up to rank the importance of the alternatives.
Four main criteria are used, e.g. data sensitivity and data ownership representing
risks criteria, and data availability and data trustworthy as benefits criteria. For each
criterion, there were two sub-criteria identified. Four types of decisions to open data
can be made: completely open, maintain suppression, provide limited access, and
remain closed. A health patient record dataset is used to illustrate the approach. In
further research,we recommend todevelop automated approaches that take a dataset
as an input and can provide an advice.

Keywords: Multi-criteria decision making � Fuzzy
Analytic hierarchy process � Open data � Risks � Benefits

1 Introduction

The motivation to open data by governments and private organizations have increased
extensively over the last few years. The creation of transparency and accountability, to
sustain citizen engagement and to enable business innovation are the main drivers to
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open more data [1–4]. The disclosure of data is expected to improve decisionmaking
initiatives by both government and society [3, 5]. Furthermore, the opening of data by
organizations can improve an organization’s reputation by showing that they are an
open institution [6].

However, although divers types of datasets have already been opened [7–9], in
reality many datasets are still not opened [10]. There are several reasons why the data
providers reluctance for opening datasets, including: (1) barriers of implementing the
systems [11, 12]; (2) risks like inaccuracy, misuse, sensitivity, and inconsistency of the
data [3, 10, 12–17]; and (3) inappropriate interpretation of the data resulting in an
inadequate comprehend of the data [3]. Moreover, mistakes in interpreting data or
misuse of data can jeopardize the reputation of data providers [11]. This result in many
datasets to remain closed, whereas this might not be necessary.

The goal presented in this study is to develop a Fuzzy Multi-Criteria Decision
Making (FMCDM) approach to analyze the risks and benefits and to determine the best
alternative decision for a given dataset. The use of Fuzzy set theory in this research is to
manage decision-making problem of alternative selection of a dataset status. These
alternatives are developed by establishing and incorporating the FMCDM based on
Fuzzy Analytic Hierarchy Process (FAHP) [18, 19]. The main function of the Fuzzy
logic is to capture the expertise of open experts and to express it with computational
approach [20–22]. A Fuzzy theory is based on the intuitive reasoning by considering
the human subjectivity and incorrectness, which are common in the natural language
[23]. The natural language is an intricate structure both in the human communication
and the way how the human being thinks [23, 24].

Fuzzy theory is used in this paper to provide amathematical strength for the emulation
of the higher cognitive function from the human thought and perception associated with
weights of the risks and benefit of opening data. The main function of the FMCDM is to
assess the alternative selection with respect to predetermined criteria for a single decision
making [25]. The appropriateness of the alternative compares to the criteria and the
priority weights of each criterion can be analyzed and computed using linguistic matrix
values reflected by the fuzzy [20, 26]. FAHP, furthermore, is used to determine the
preference weightings of criteria by collecting expert’s judgment [18, 27]. The scores for
each criterion are summed up to rank the importance of the alternatives [28, 29].

This FAHP technique used in this study consists of the six following steps [18, 19,
27], namely: (1) select experts team; (2) determine the evaluation criteria and construct
the hierarchy, including alternatives; (3) construct pairwise comparison matrix and
evaluate the relative importance of the criteria; (4) transform the linguistic terms into
triangular fuzzy number; (5) calculate the Fuzzy weights matrix, and check the con-
sistency of the pairwise comparison matrix; and (6) select the best alternative. A dataset
of health patient records is used in the illustration part to show how the risk and benefit
multiple criteria can be analyzed by employing the FMCDM approach. The four
possible decisions are completely open, maintain suppression, provide limited access,
or remain closed. These are the alternatives for the FMCDM and decisions on these
alternatives will be analyzed based on the four main criteria, namely data sensitivity
and data ownership for the risk criteria, while data availability and data trustworthiness
are the criteria for the benefit. Data sensitivity and ownership are selected as input
because of these criteria can represent some privacy violation issues containing in
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health patient records dataset. For example, in the case of data sensitivity, by releasing
the actual value of name, date of birth, place of birth, home address, or insurance
provider of a patient, it might be potentially misused by the unauthorized users. In
addition, data availability and data trustworthiness are chosen criteria due to they can
reflect the benefit of transparency and accountability in opening data. Each of the
criteria has sub-criteria to further refine the risks and benefits. In Sect. 3.3, we will
explain the sub-criteria definition and relationship in more detail.

This paper is consists of six sections. In Sect. 1 the rationale of this research is
presented, Sect. 2 contains the related work of decision-making to open data. In Sect. 3
the approaches are described, including proposed flow process, alternatives, and criteria
selection for FMCDM which is based on FAHP method. Section 4 provides the
illustration and results. Section 5 some findings of the study are provided. Finally, the
paper will be concluded in Sect. 6.

2 Related Work

In order to present the current approaches of decision analysis in the domain of open
data, we reviewed literature which is summarized in Table 1. We found three limited
works about decision-making analysis for opening data. Existing work uses the fol-
lowing methods: (1) trade-offs method to weigh the values and risks of open data by
conducting interview sections with exclusive groups like civil servants and archivists,
(2) decision-support framework to develop a prototype based on the open data
ecosystem for specific groups like business and private organization, and (3) an iter-
ative method using Bayesian-belief Networks to weigh the risks and benefits of
opening data.

Yet, none of these related works utilized an FMCDM approach in a sense to
measure and determine the best alternative for deciding a single status of a dataset.
Some possible advantages the use of the FMCDM approach compare to three other
methods are: (1) the capability to consider the human subjectivity and incorrectness
from the common natural language [32]; (2) provides assessment of the alternatives
selection with respect to predetermined criteria for a single decision making [25]; and
(3) its simplicity characteristic to evaluate multiple conflicting in decision-making as
one of the most popular problems handled by researchers in the literature [25, 32].

3 Decision-Making Approach

In this section, we aim to describe the decision-making approach for analyzing risks
and benefits of open data. Four subsections are described, namely flow process of the
proposed method, alternatives, selection of criteria, and FAHP technique.

3.1 Flow Process of Proposed Method

To describe how the FMCDM approach works, we use a flow of decision-making
process having three main phases, namely data source, evaluation, and decision. The
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entire process starts with the selection of the dataset from the data source to create the
input for the evaluation phase. The input data are processed next in the evaluation
phase. The output of the evaluation namely decision stage is a suggestion to make a
decision. The latter is done by showing the rank of decision priority (decision), as
shown in Fig. 1.

Table 1. The previous methods of decision support for opening data

Name of approach Research overview and boundary

1 Trade-offs method [10] • A decision-making model offers respectfully
capturing trade-offs, and in this method also
providing guidance for weighing the potential
values and risks of opening data.

• No specific algorithm to weigh the risks and
benefits of open data.

• The trade-offs model can only be used for decision-
making with Boolean expression (open or closed)
decision.

2 Decision Support Framework
[30]

• A developed prototype is based on the concept of
open data ecosystems.

• The proposed model is specifically for business
and private organizations.

• There was no evaluation and assessment model
available

3 Iterative Model of Decision
Support for opening data [31]

• An Iterative model decision support is based on the
Bayesian-belief Network analysis.

• The outcomes can be used to mitigate the risks and
still gain benefits of opening data by taking action
removing privacy-sensitive data from a dataset.

• There are two alternative decisions available (Open
or Closed).

Fig. 1. The flow process of the approach
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The flow process is based on the data source, evaluation of input data (data source)
and decision. Figure 1 illustrates the staging of analyzing the risks and benefits of
opening data, and it can be narrated as follows:

• Data Source: First, we need to select the type of a dataset. For example, in this
study, we have chosen health patient records and Table 1: diagnosed stage (see
Fig. 3) as the object to be analyzed. To define the criteria and sub-criteria, an
extensive literature review related to the risks and benefits of opening data has done
in Sect. 2. In this study, we designed four criteria and eight sub-criteria of the risks
and benefits as the input data.

• Evaluation: In the second stage, we used FMCDM to assess the alternatives based
on criteria defined in the data source elicitation phase and the criteria uses linguistic
matrix values reflected by the Fuzzy. FMCDM works on Fuzzy AHP technique has
an essential role to measure the relative importance of defined criteria for dealing
with decision-making problem. To quantify the relative importance of the risks and
benefits, we picked up the knowledge from the experts’ judgment. There are two
main steps to conduct an evaluation process by the experts in AHP, as follows [27,
33]: To begin with, experts should rank the criteria in a descending or ascending
order of their significance. Then, determining the most important criteria and
compare it with others. For example, an expert ranked that data sensitivity (C1) is
higher or essentially important than data ownership (C2). Second, experts will
determine the criteria weights by transforming pairwise comparison matrix into a
triangular fuzzy number, as can be seen in Fig. 5.

• Decision: Finally, the outcome of this flow process is to get the final weights of the
best alternative as the priority of a decision.

3.2 Alternatives

The following four alternatives of opening data in this paper are: opening the dataset
(A1), maintaining a dataset suppression (A2), providing limited access (A3), or keeping
the dataset closed (A4). First, the alternative “open the dataset” is defined as publishing
the dataset presents a low risk to an individual or organization identity, and/or the
potential benefits of the dataset substantially outweigh the potential risks. Second, the
alternative “maintaining suppression” is specified as removing a data field and/or an
individual record into particular groups or generate unique characteristics to avoid the
personal identity. In this alternative, data that might create significant risks are not
opened in the actual form, as the potential benefits do not outweigh the possibility of
the risks. Third, the alternative “limited access” defines that only a certain group will be
given access to the data. The level of openness is limited. Often those who will gain
access have to sign a document that outlines the rules of access. The reason for this is
releasing the dataset will create a moderate risk, or potential benefits of the dataset do
not outweigh the potential privacy risks. Fourth, the alternative “keeping the dataset
closed”, it means that by publishing the dataset generates a very high risk to an
individual or organization and significantly outweigh the potential benefits.
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3.3 Selection of Criteria

Figure 2 represents the hierarchy of the four criteria, eight sub-criteria, and four
alternatives. The four criteria C1, C2, C3 and C4 define data sensitivity, data owner-
ship, data availability, and data trustworthy respectively. The data sensitivity (C1)
composes of two sub-criteria: individual life-threatening (C1.1) and data identifiable
(C1.2). Individual life-threatening (C1.1), can be defined as a potential risk to an
individual or personal life because of the possibility to recognize the sensitive value of
the dataset. Data identifiable (C1.2) is specified as the potential leak of the personal,
organizational, business or even government data identifiable e.g. by combining some
attributes of the field.

The second criterion is data ownership (C2) which consists of two sub-criteria
namely metadata scanning (C2.1) and fake or misleading (C2.2). Metadata scanning
(C2.1) can be represented to figure out the property and structure of the dataset. Fake or
misleading (C2.2) is defined by a user to potentially change and modify the dataset and
affect an unreliable and wrong decision. Data availability (C3) is the third criterion and
it has two sub-criteria namely data manageability (C3.1) and data recoverability (C3.2).
Data manageability (C3.1) is specified as the chance to manage the availability and
accessibility of the dataset. Data recoverability (C3.2) is indicated by delivering a
dataset and it can have a highly positive impact on recovering the availability of the
data. The fourth criterion is data trustworthiness (C4) which consists of two sub-criteria
like data traceability (C4.1) and data authenticity (C4.2). Data traceability (C4.1) can
make the possibility to trace the source of the dataset. Data authenticity (C4.2) is
defined as the potentially affected to recognize the authentication of the data.

3.4 Fuzzy AHP Technique

The AHP process is a quantitative method that deals with the multi-attribute, multi-
criteria, multi-period problem hierarchically [34]. Only with AHP, it is not possible to

Fig. 2. The hierarchy of criteria and alternatives
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overcome the deficiency of the fuzziness during decision making [35]. Hence, in this
study, the Fuzzy AHP which is the extension of the conventional AHP method by
integrating fuzzy comparison ratios is used for multi-criteria analysis [18, 27, 34, 36]. It
uses the triangular fuzzy number of fuzzy set theory directly into the pairwise com-
parison matrix of the AHP. The geometric mean method is used to generate fuzzy
weights and performance scores [37]. The steps of the Fuzzy AHP can be summarized
as follows:

• Step 1. Select experts. The quality of the evaluation process depends on experts’
knowledge and experience. Hence the selection of experts is crucial.

• Step 2. Determine the evaluation criteria and construct the hierarchy including
alternatives.

• Step 3: Construct pairwise comparison matrix and evaluate the relative importance
of the criteria. The experts are expected to provide their judgment on the basis of
their knowledge.
For any expert the comparison matrix is given by Eq. (1) as:

(a) ~Ck ¼
1 ~c12. . . ~c1n
..
. . .

. ..
.

~cn1 ~cn1. . . 1

2
4

3
5 ð1Þ

where n is the number of criteria, ~Ck is a pairwise comparison matrix belongs to
kth expert for k = 1, 2.. k.

(b) Arithmetic mean is used to aggregate experts’ opinion as given in Eq. (2).

~C ¼ 1
k

1
c
þ 2

c
þ . . .þ k

c

� �
ð2Þ

• Step 4: Transform the linguistic terms into triangular fuzzy numbers. The following
linguistic terms provided in Table 2 are utilized for the evaluation procedure.

• Step 5: Calculate the fuzzy weight matrix using Eqs. (3) and (4).

~ri ¼ ~ci1 � ~ci2 � . . .� ~cinð Þ1n ð3Þ

~wi ¼ ~ri � ~r1 þ~r2 þ � � �~rnð Þ�1 ð4Þ

where ~ri is the geometric mean of fuzzy comparison value and ~wi is the fuzzy
weight of the ith criteria.
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• Step 6: Apply normalization procedure as Eq. (5)

wi ¼ ~wiPn
j¼1 ~wj

ð5Þ

4 Illustration of FMCDM

In this section, we will illustrate the FMCDM using a health patient records dataset
with the help of Fuzzy AHP technique. The reason for selecting this dataset is that it
contains the typical both benefits and risks. The variety of benefits from the selected
dataset, include the data availability of the hospital medical records by providing
accurate, up-to-date, and enable quick access by the users to the patient records.
However, from the side of the risks, by releasing the patient health records attributes, it
might also encounter endangers like the name_of_patient, date_of_birth, and pla-
ce_of_birth that result in the identification of individuals in a privacy violation.

4.1 Data Source: Health Patient Records Dataset

In the scenario of the illustration part, we designed that the government proposes a
Department of Health to release a dataset of medical records of patient to the public that
can enable individual or organization to access and see the current trend of a disease
[38, 39]. By doing so, for instance, the government is able to generate a location map
related to the disease landscape for some regions or specific attributes. However, if the
government decides to open the dataset and actual values immediately, there are some
potential privacy issues of the patients containing in the dataset that might be very
harmful like misuse, inaccuracy, and identifiable of the data [39, 40, 41]. Figure 3
shows the dataset structure of the health patient records that will be analyzed using
FMCDM in this study.

For the illustration of this work, we designed to analyze the Table 1 namely
Diagnosed Stage which is containing six attributes/fields: Name_of_patient,
Date_of_birth, Place_of_Birth, Gender, Race, Insurance, Stage, and TNM_staging.

Table 2. The fuzzy linguistic scales (adapted from: [18])

Fuzzy number Linguistic scales Scale of fuzzy number

1 Equal Important (EI) (1,1,3)
3 Weakly Important (WI) (1,3,5)
5 Essentially Important (SI) (3,5,7)
7 Very Strongly Important (VI) (5,7,9)
9 Absolutely Important (AI) (7,9,9)
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4.2 Evaluation: Analyzing the Dataset

The following steps are the scenarios of FMCDM. Figure 4 shows the hierarchy of
criteria and alternatives are used in the illustration of FMCDM.

• Step 1. Establish an expert team. We picked up the knowledge as well as expertise
from some experts. The selected experts were interviewed based on the three
consideration rationales, namely: (1) Domain knowledge, where the importance of
educational background of the experts in this field ought to accommodate various
specializations with partial overlap to confirm completeness of the data and avail-
able information [42]; (2) Functional knowledge, where the experts chose are
capable in the scope of the existing problems and the requirements of the process as
well as solution proposed [42]; and (3) Best practice, where the interviewee’s
expertise and their own insight have to be outstanding to warrant the quality as well
as the validity of information sources [43].

• Step 2. Determine the evaluation criteria and construct the hierarchy including
alternatives.

• Step 3. Construct pairwise comparison matrix and evaluate the relative importance
of criteria. The experts are asked to provide their consideration based on their
knowledge and expertise. For simplicity, in this illustration a pairwise comparison

Fig. 3. Raw table of Health Patient Records (adapted from: [31, 43])

Fig. 4. Hierarchy of criteria and alternatives for the illustration
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matrix for expert one is given in Fig. 5. Before the experts started to quantify the
criteria, we expected to construct a Fuzzy evaluation linguistic scale for the weights
as presented in Table 2.

• Step 4: Transform the linguistic terms into triangular fuzzy numbers. The linguistic
terms provided in Table 2 are utilized for the evaluation procedure.

• Step 5: Calculate the fuzzy weight matrix using Eqs. (3) and (4). The final weights
of the alternatives are calculated using Eqs. (3), (4), and (5). The linguistic terms
provided in Table 2 are utilized for the evaluation and fuzzy operational laws are
used for the calculation [18, 27]. Illustrative examples for weights of subcriteria
C11 and C12 are given as follows:

Calculating sub-criteria: Linguistic terms for the pairwise comparison, we are getting
from Fig. 5 and the corresponding fuzzy numbers are getting from the Table 2. For
example, pairwise comparison of (C1.1 C1.2) is “Equal Important” and the fuzzy
number of this linguistic term is (1, 1, 3).

~rc11 ¼ ~cc11c11 � ~cc11c11ð Þ12
~rc11 ¼ 1; 1; 1ð Þ � 3; 5; 7ð Þð Þ12
~rc11 ¼ 1:73; 2:23; 2:64ð Þ
~rc12 ¼ ~cc12c11 � ~cc12c12ð Þ12
~rc12 ¼ 1= 3; 5; 7ð Þð Þ � 1; 1; 1ð Þð Þ12
~rc12 ¼ 0:37; 0:44; 0:57ð Þ

Calculating weights: For calculating weights, we are using Eq. 4. In the previous
step, we are getting the value of 1̃.1 and ̃1.2 and putting these values in the following
equation.

~wc1:1 ¼ 0:36; 0:5; 1:10ð Þ
~wc1:2 ¼~rc1:2 � ~rc1:1 þ~rc1:2ð Þ�1

~wc1:2 ¼ 0:57; 1:1ð Þ � 1; 1; 1:73ð Þþ 0:57; 1:1ð Þ½ ��1

~wc1:2 ¼ 0:2; 0:5; 0:63ð Þ

• Step 6: Apply normalization procedure.

Normalized weight values: To find the normalized weights of C1.1 and C1.2 we
used Eq. 5.
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Criteria C1 C2 C3 C4

C1 1 SI WI WI

C2 1 / 
SI

1 WI EI

C3 1 / 
WI

1 / 
WI

1 EI

C4 1 / 
WI

1/ 
EI

1 / 
EI

1

C1 C11 C12

C11 1 SI

C12 1/ 
SI

1

C2 C21 C22

C21 1 EI

C22 1/ 
EI

1

C3 C31 C32

C31 1 SI

C32 1 / 
SI

1

C4 C41 C42

C41 1 VI

C42 1 / 
WI

1

C11 A1 A2 A3 A4 C12 A1 A2 A3 A4

A1 1 WI WI WI A1 1 WI WI WI

A2 1 / 
WI

1 WI WI A2 1 / WI 1 WI WI

A3 1 / 
WI

1 / 
WI

1 WI A3 1 / WI 1 / WI 1 WI

A4 1/ 
WI

1 / 
WI

1 / 
WI

1 A4 1 / WI 1 / WI 1 / 
WI

1

C21 A1 A2 A3 A4 C22 A1 A2 A3 A4

A1 1 WI WI WI A1 1 WI WI WI

A2 1 / 
WI

1 SI SI A2 1 / WI 1 SI SI

A3 1 / 
WI

1 / 
SI

1 WI A3 1 / WI 1 / SI 1 WI

A4 1 / 
WI

1 / 
SI

1 / 
WI

1 A4 1 / WI 1 / SI 1 / 
WI

1

C31 A1 A2 A3 A4 C32 A1 A2 A3 A4

A1 1 SI SI VI A1 1 SI SI VI

A2 1 / 
SI

1 EI SI A2 1 / SI 1 EI VI

A3 1 / 
SI

1 / 
EI

1 SI A3 1 / SI 1 / EI 1 VI

A4 1 / 
VI

1 / 
SI

1 / 
SI

1 A4 1 / VI 1 / VI 1 / 
VI

1

C41 A1 A2 A3 A4 C42 A1 A2 A3 A4

A1 1 SI SI VI A1 1 SI VI VI

A2 1 / 
SI

1 EI SI A2 1 / SI 1 EI VI

A3 1 / 
SI

1 / 
EI

1 VI A3 1 / VI 1 / EI 1 VI

A4 1 / 
VI

1 / 
SI

1 / 
VI

1 A4 1 / VI 1 / VI 1 / 
VI

1

Fig. 5. The pairwise comparison matrices of criteria and alternatives
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wc1:1 ¼ ~wc1:1P2
j¼1 ~w1j

¼ Lc1:1 þMc1:1 þUc1:1

~wc1:1 þ ~wc1:2

wc1:1 ¼ 0:36þ 0:5þ 1:10ð Þ
0:36þ 0:5þ 1:10þ 0:2þ 0:5þ 0:63ð Þ ¼ 0:59

wc1:2 ¼ ~wc1:2P2
j¼1 ~w1j

¼ Lc1:2 þMc1:2 þUc1:2

~wc1:1 þ ~wc1:2

wc1:2 ¼ 0:2þ 0:5þ 0:63ð Þ
0:36þ 0:5þ 1:10þ 0:2þ 0:5þ 0:63ð Þ ¼ 0:40

The similar calculation approach is applied for all pairwise comparisons. The final
weights of the alternatives are provided in Table 3. An illustrative example for WA1 is
given as follows:

WA1 ¼C1� C11� A1þC1� C12� A1þ � � � þC4� C41� A1þC4� C42� A1

WA1 ¼0:53� 0:59� 0:39þ 0:53� 0:40� 0:41þ � � � þ 0:07� 0:59� 044þ 0:07� 0:40� 0:35

WA1 ¼0:34

4.3 Decision: Recommendations

According to the Table 3, the highest priority of the decision for the Table 1 (Diagnose
Stage) of Health Patient Records is A2 (0.42), following by A1 (0.34), and A3 (0.08),
while in the last ranking of decision recommendation is A4 (0.06). Based on the
analyzing and computing process, in this case we recommended that the Table 1
(Diagnose Stage) should be maintaining suppression as the highest priority recom-
mendation in this illustration.

Table 3. Final weights of the criteria and alternatives

C1 C2 C3 C4

0.53 0.25 0.13 0.07
C1.1 C1.2 C2.1 C2.2 C.31 C3.2 C4.1 C4.2
0.59 0.40 0.82 0.17 0.59 0.40 0.59 0.40 Weight

A1 0.39 0.41 0.41 0.41 0.44 0.35 0.44 0.35 0.34
A2 0.40 0.39 0.82 0.83 0.23 0.44 0.23 0.44 0.43
A3 0.06 0.13 0.26 0.13 0.08 0.15 0.08 0.15 0.08
A4 0.05 0.05 0.10 0.05 0.22 0.05 0.22 0.05 0.06
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5 Findings

In order to present the recommendations based on the final results of the analyzing
process using FMCDM, we designed a graphical view to support the decision-makers
to decide to release their dataset. Figure 6 shows how the Fuzzy AHP could help the
decision-makers with the better understanding of the comparison score for each
alternative.

Furthermore, to design the action plan of the maintaining suppression, some pos-
sible procedures could be taken into account as follows: (1) removing a data field or an
individual attributes into particular group of the data and replace it into unique char-
acteristics; (2) obscuring a data field by making substitution precise data values with
ranges to minimize the provision of the personal identity; and (3) Aggregating a data
field by summarizing the data across the amounts of the data and visualizing the data
value into statistics form like graphics or charts.

6 Conclusion

In this paper, we presented the results of a study by utilizing Fuzzy AHP to analyze the
risks and benefits of opening data for determining the best alternative in the health
patient records dataset. A set of criteria and a variety of sub-criteria were designed and
identified base on the literature review and experts’ judgment. Some advantages the use
of the FMCDM approach compare to other three methods as follows: (1) the capability
to transform the human subjectivity and incorrectness from the common natural lan-
guage to weights the complex problems, and (2) provides assessment method of the

Fig. 6. Ranking of decision recommendations
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selected alternatives to rank a single decision making. However, a disadvantage found
while using this approach is because the fuzzy is a ruled-based system, hence it needs
to get enough rules to be accurate and expressively. The contribution resulted from this
paper is to provide a decision-making model to analyze the potential risks and benefits
of opening data. A given dataset is evaluated by taking action like measuring and
weighing the relative importance of the multiple criteria.

Thus, the approach might contribute decision makers to decide to open a dataset. In
the further research, we recommend refining this approach by adding more datasets in
which and advice for (not) opening data can be generated without human involvement.

Acknowledgments. The Second author of this paper is very thankful to gLINK project (http://
www.glink-edu.eu/) for funding part of this research work.
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Abstract. Forty-six banks and foreign bank branches were operating in the
Czech Republic in May 2018. The banking market in the Czech Republic is
characterized by high fees for account management and information asymme-
tries. For this reason, there are number of fees accounts comparators on the
market. One of these is the Bank Charge Calculator, which allows clients to run
their current account expenditures by their set criteria. The aim of the article is to
analyze the current state of the banking sector for individuals. Based on data
from the Bank Charge Calculator, a Client Index is calculated to allow
respondents to calculate the average monthly cost of running their current
account according to defined criteria and service requirements. The value of this
Client Index was used to propose a pay-off function in the game theory model.
Client Index values serve to express the price level on the RCBS market.

Keywords: Game theory � Client Index � Bargaining � Pay-off matrix
Decision tree � Bank charges

1 Introduction

There is a high level of competition on the Czech banking market. Nevertheless, Retail
core banking services (RCBS) are characterized by a high degree of asymmetry of
information. Information asymmetry is a situation where one side of the market benefits
from the information advantage at the expense of the second one. This situation does
not necessarily mean the market disequilibrium. We can imply the F. A. Hayek’s [1]
thoughts and say that equilibrium can be achieved under the different levels of
informedness. [2] The second problem is high fees for current account in the Czech
Republic.

Stigler [3] is solving the situation where the consumer prefers the lowest price on
homogenous product, but the prices are yet to be discovered in order to make choice.
Soukal and Draesller [2] suggest calculating the optimal price to be searched for. By
term optimal price it is meant price that is optimal by search costs to search revenue, in
other words total savings, and by the quality and quantity demanded (regarding RCBS
we mean range and frequency of the requested services). The optimal price on the
market will probably be different from the optimal price computed by the model
because of the optimal cost of the search and the probabilistic problem of search. For a

© IFIP International Federation for Information Processing 2018
Published by Springer Nature Switzerland AG 2018. All Rights Reserved
S. A. Al-Sharhan et al. (Eds.): I3E 2018, LNCS 11195, pp. 413–424, 2018.
https://doi.org/10.1007/978-3-030-02131-3_37

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_37&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_37&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02131-3_37&amp;domain=pdf


closer theoretical description of the rework of Stigler’s model please see (Hedvicakova
et al. [4]).

Trust is a crucial element of a viable banking industry. Dahlstrom et al. [5] present a
structural equations model based on a prisoner’s dilemma logic to analyze the unique
effects of trust between corporate customers and their banks. The results based on 252
corporate bank customers reveal an intriguing mixed strategy between trust from one
party and opportunism from the other. The implication is that mutual trust seems to
reduce the perception of risk in the market while bank opportunism significantly
escalates perceived risk. They analyses also show that when the corporate customer
trusts the bank, perceived risk is significantly reduced.

2 Theoretical Bases

Customer satisfaction is an important factor in the performance and competitiveness of
banks [6–9]. Compliance with the consumers’ needs and requirements [10], compre-
hensive customer care and the bank customers’ satisfaction is currently at the centre of
attention of researchers and bankers (as it represents an important marketing variable
for most of the companies [11–13].

Mosk [14] examines bargaining as a mechanism to resolve information problems.
He develops a parsimonious model of a credit negotiation between a bank and firms
with varying levels of impatience. In equilibrium, impatient firms accept the bank’s
offer immediately, while patient firms wait and negotiate price adjustments. Mosk [14]
examines bargaining as a mechanism to resolve information problems.

The issue of increasing profit and reducing operational costs is the most important
subject in banking management. One of the ways to solve this problem, is the coop-
eration (coalition) of banks together in order to reduce costs and simultaneously
increase the operating profit. To solve this problem is Khanizad and Montazer [15]
model for the participation of banks using game theory with which the banks can
cooperate to achieve higher profits while providing their services.

On the other hand, given the current competitive environment among banks in the
capital market, less attention has been paid to the cooperation of banks in providing
services and attracting customers and investments and consequently studies of banks
co-operation in providing services in the micro market (retail customers) were often on
the limited inter-banking cooperation. For example, in some studies such as references
[15–19].

We live in what might be called the imperial age of game theory, in whichgame
heory has become influential in an ever-growing variety of other disciplines. Game
theory is now a standard tool in political science but can be used in all sectors,
including banking. For example, McCarty and Meirowitz (2007) provide a book-length
overview of how game theory can be used to examine the relations between countries,
the behavior of political parties, electoral behavior, the workings of legislatures, lob-
bying, and so on [20].

Game theory usually analyses decision-making processes in various fields.
Kapliński [21]. Our research is oriented in the fields of game theory with application in
banking sector.
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According to most authors, the criterion for dividing bargaining is whether the
bargaining defends the position or interests of clients. There is a contrast in the ter-
minology between the individual types of bargaining. For example, Plamínek [22]
distinguishes between competitive, cooperative, virtual and principled bargaining. As
early as six years later, the same author [23] only sets forth competitive, cooperative
and principled bargaining. Holá [24] sets forth positional (competitive) bargaining and
constructive (principled) bargaining [13, 25].

3 The Aim and Methodology of the Paper

In the Czech Republic there is a high asymmetry of information on the RCBS (Retail
core banking services) market. For this reason, clients are searching on the internet for
a variety of comparison, according to which they would find the cheapest bank account
according to their preferences and the services they use. For this reason, a Bank
Charges Calculator was created, available at: http://www.bankovnipoplatky.com/
kalkulator.html, which compares the average monthly cost of running a current account
according to the criteria specified by the respondent. The frequency of the individual
items of the fee schedules is monitored based on a questionnaire (e.g. how many times
clients use the given service and how much is charged for the service, what turnover
and balance they have in their accounts, etc.) The Client Index was calculated based on
these data. Since 2013, the Client Index is calculated quarterly using the statistical
software IBM PASW 18 and MS Excel 2013. Data on the amount of bank charges and
commissions has been obtained from publicly available data by banks (fee schedules,
annual reports, bank accounts and documents on the financial situation of the bank,
etc.). The average costs of a specific account are established by the arithmetic average
of clients who have chosen the monitored account computed by the Calculator. See
Eqs. 1 and 2. Data collection took place from 2012 until first quarter 2018. The
calculation is preceded by the verification validation part, in order not to distort the
result e.g. respondents who should not use retail products (self-employed, small
entrepreneurs with frequencies of banking services which the client can never achieve
in the civil account) or respondents who only form clicked without key services. This
methodology is more accurate, but it requires a greater number of clients. The number
of accounts with a lack of respondents for calculation is much higher. On average, 2000
respondents filled in the Calculator per quarter. For a more detailed description of the
methodology see e.g. [26–28] or [13]. The author of the article analyzes the data for
this project.

ACh ¼ 1
nh

Xk

h¼1

Xnh

i¼1

Chi; ð1Þ

where ACh represents average costs of account number h, further i represents client
serial number, chi is the cost of client i that uses account h monthly, k is the total
number of monitored accounts and nh is the number of clients that use accounts
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h. More details can be found in [27, 28]. For the rest of calculation can be used the
following formulas

wh ¼ nh
n

CI ¼
Xk

h¼1

wh � ACh ð2Þ

It means that the resulting value of the Client Index (2) is calculated as the weighted
value of the average cost of each account. Scales are derived from relative frequencies,
respectively: of the shares of respondents of individual accounts as a whole [27, 28].

The aim of the article is to analyze the current state of the RCBS market in the
Czech Republic. Based on the Client Index calculations for each quarter, calculate the
average value that clients pay on average for managing their current account monthly
and quarterly. This amount includes, for example, fees for credit and debit cards or
insurance, which is paid once a year. The calculated average value Client Index will be
used in game theory chapter for negotiation between the client and the bank. Client
Index values serve to express the price level on the RCBS market.

4 Actual Situation in the Banking Sector in the Czech
Republic

In May 2018, 46 banks and foreign bank branches were operating in the Czech
Republic (excluding the CNB). The number of banks is increasing, even though it
currently holds a bank license for one bank less than in 2017. In 2009, 39 banks were in
the market and 47 banks in 2017. The largest share of this increase was made by
branches of foreign banks from the European Union, from 18 in 2009 to 23 in 2017.

Although the number of licenses granted by the bank grows, there is a gradual
reduction in the number of branches. This trend is mainly due to the growing influence
of digitization, which takes place worldwide, and of course in the Czech Republic. The
reduction of branches in small towns takes place mainly at the three largest banks in the
Czech Republic: Česká spořitelna, Komerční banka and ČSOB. These banks have the
widest network of branches from all banks in the banking market in the Czech
Republic. There is also a reduction of branches and staff reductions.

With the growth of digitization, there is increasing number individuals using
Internet Banking. In 2017, 52% of individuals used Internet Banking in the Czech
Republic. Internet banking is the most used age group of 25–44 years. See Fig. 1.

Using Internet Banking instead of bank branches brings savings to clients. Clients
can pay lower costs for account management.

The Czech Republic is in the percentage of individuals using Internet banking
above the European Union average. Around half (51%) of adult Europeans use internet
banking. This share is constantly increasing and has doubled since 2007, when it stood
at 25%. Internet banking is particularly popular among 25 to 34 years old, with 68%
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using this facility. The use of internet banking tends to increase in line with the
education level of the user [30].

The total assets of the Czech banking sector stood at CZK 7,564 billion at the end
of May 2018. Loans to residents are the predominant asset item. Their volume reached
CZK 5,609 billion. Deposits of residents, which are the most important item among
banking sector liabilities, totaled CZK 4,397 billion [31].

Among the three largest banks, according to the number of clients operating on the
Czech banking market, are Česká spořitelna, ČSOB and Komerční banka. The fourth
bank, which has over millions of clients, is Moneta. See Table 1.

52% 
46% 

77% 74% 
65% 

46% 

12% 

0% 

20% 

40% 

60% 

80% 

100% 

Total 16-24 25-34 35-44 45-54 55-64 65+ 

Fig. 1. Individuals using Internet Banking by age in 2017, Source: Czech Statistical Office,
[29], own processing

Table 1. Number of clients in 2015 and 2018, [32, own processing], *2017

Bank to 31. 3. 2018 to 31. 3. 2015

Česká spořitelna 4,68 million 5 million
ČSOB 3,671 million 2,9 million
Komerční banka 1,666 million 1,6 million
Moneta/GE Money Bank 1,034 million 1 million
Fio banka 815 million 480 000
mBank 650 000* 534 000
Raiffeisenbank not published not published estimated 500 000
Air Bank 618 342 343 000
UniCredit Bank 415 000 343 000
Hello bank 400 000 * did not exist
Equa bank 323 000 140 000
Sberbank 115 000 86 000
Creditas 40 000 not published
Expobank 20 261 not published
Oberbank 16 000 not published
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Most clients lost the largest bank: Česká Spořitelna. Still more clients get “low-
cost” banks such as mBank, Air Bank or Fio Bank. More and more citizens of the
Czech Republic have more than one bank account. This causes a high level of com-
petition in the banking market. Bank clients also have chance for bargaining with the
main bank. They can negotiate free of charge or premium services.

The second criterion for bank size is the size of the total assets. The Czech National
Bank ranks among the big banks with financial institutions with a total asset of over
CZK 400 billion. The largest three banks are ČSOB, which exceeded CZK 1.5 trillion,
the second is Česká spořitelna and the third Komerční banka. The last bank that meets
the criteria of the Czech National Bank is a bank Unicredit Bank. [32].

1 Euro is 25,92 CZK in July 2018.
The population of the Czech Republic was 10 613 350 at 31 March 2018

according to the Czech Statistical Office. Table 1 shows that most people have more
than one current account in the Czech Republic. Clients are trying to reduce account
costs by combining current accounts with different banks.

5 The Results of the Research of Bank Charges

In 2014, the Client Index level was in the range of 179–183 CZK per month (6,905-
7,06 Eur /month). 1 Euro is CZK 25.92 in July 2018. Due to the low difference in index
values, the Client index is expressed in CZK only.

The following year, the biggest fluctuations took place. The Client Index ranged
from 180 to 188 CZK /month. See Fig. 2.

Since 2016, the average cost of the bank account has stabilized at 184 - 186 CZK /
month. And this trend continued in the years to come. The highest value of the Client
Index was in the fourth quarter of 2017, when clients paid an average of 189 CZK for
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Fig. 2. Client Index – the average costs of bank account in CZK, Source: www.
bankovnipoplatky.com, The author’s own arrangement
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maintaining their account. In the next quarter there was only a slight decrease of one
crown. The increase in the value of the Client Index in the last quarters of the given
years is due to the increased shopping activity of clients during Christmas and the
increased use of debit and credit cards associated with the selection from foreign
ATMs. Also, during summer holidays, bank account fees are increasing due to with-
drawals from ATMs abroad, which are charged at higher rates in most banks.

Analysis of the survey data revealed that the average Client Index is 185 CZK
between 2014 and the first quarter of 2018. This value was used in the game theory
chapter and value modeling is built on this value. This value was calculated as the
arithmetic mean of all valid values from the questionnaire survey in 2014–2018. It is
important for setting the average amount for running a current account monthly and for
negotiation.

It is very interesting that even though several low-budget banks have entered the
market in the last seven years and many clients have set up an account with them. the
value of the Client Index did not change significantly and recorded a sharp rise in the
penultimate quarter of 2015. This is most likely due to the fact that clients still keep
their current account even with a large bank that has not canceled and pays the fees.
And low-cost banks have higher charges for their premium services.

6 Game Theory During the Bargaining Process Between
the Bank and the Client

The relationship between the bank and its client regarding bank charges can be con-
sidered as a conflict of two players in game theory. Game theory deals with mathe-
matical modelling of problems in which it is necessary to choose decision-making
processes [13, 33–35].

In the game related to bank charges, which shall be labelled G, we will consider
two players, the bank B and its client K, [13]. If the set of players is labelled by H, then
H = {B, K}. The client K shall have two strategies available; he/she can be active or
passive. In case of the active strategy A, he/she shall be interested in the amount of
charges for the maintaining of his/her account with the bank, he/she shall demand a
discount and in case the bank does not grant it, he/she will be ready to leave for another
bank. In case of the passive strategy P, he/she shall not be actively interested in
discounts for maintaining his/her bank account, however, he/she will not refuse them if
they are offered and he/she will not be ready to change banks. Therefore, for the set of
strategies XK of the client, XK = {A, P}. The bank B shall also have two strategies
available; it can either offer cooperation or it remains firm. In case of the cooperative
strategy that is denoted S, it shall offer its client a discount for maintaining the client’s
account or benefits. In case of firm strategy N, the bank shall not offer either any
discount for maintaining the account or any benefits. Therefore, for the set of strategies
of the bank XB, XB = {S, N}. Let’s label the pay-off functions of the client C or bank B
respectively, fK(x, y) or fB(x, y) respectively, where x 2 XK a y 2 XB. These pay-off
functions shall express the price for maintaining an account in CZK. The values of the
pay-off function of the bank fB(x, y) can be summarized using the following Table 2. If
we consider an antagonistic conflict, where one of the players wins what the other
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player loses, it holds that fK(x, y) + fB(x, y) = 0 and it is a zero-sum game. The values
of the pay-off function of the client fK(x, y) have the opposite sign, so it is not necessary
to state them explicitly. The interpretation of these pay-offs may be, for example, as
follows: fB(A, N) = −188 means that if the bank does not accede to the proposal of the
active client, it loses an income of 188 CZK per month (this is the value of the Client
index calculated in the previous chapter). Similarly, fB(P, N) = 188 means, that if the
bank does not offer any discount to the passive client, it keeps a monthly income of 188
CZK.

The optimum strategy of the players can be found using the Nash equilibrium [33].
This is a game configuration that has the following property for each of the players: if
all the other players use strategies from the given equilibrium, then the individual
player cannot increase his or her pay-off by choosing a different strategy.

We shall further assume that it is a game with complete information where the
players know the sets of their strategies and the amounts of their pay-offs. We shall
characterize the game using a sequence of decisions by the client and the bank that
follow one after another. We shall therefore suppose it is a game in an extensive form
that can be illustrated using the game tree at Fig. 3.

The game in the extensive form can be solved using the method of backward
induction, [34]. This method is also depicted at Fig. 3. Let’s consider all the decision

Table 2. Values of the pay-off matrix of the bank

Client K/bank B S N

A 50 −188
P 120 188

Source: The author’s own
arrangement

Fig. 3. On the left is the game tree with decision nodes K and B in which the client K, or the
bank B make decisions and with final nodes that express the value of the game from the bank’s
point of view. On the right is the same game tree that demonstrates backward induction. Source:
The author’s own arrangement
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nodes whose edges lead to the final nodes of the game tree. In the present case, these
are two nodes of player B. In each of these decision nodes, we choose the edge that
leads to the best final node from the perspective of the player to whom the node
belongs, and we highlight it. We note the determined edge. For each decision node, we
assign the pay-offs that correspond to the found best final node. We leave out all the
edges stemming from the decision node, including their final nodes. This way there
arises a new decision tree with new final points and their pay-offs. The whole procedure
can now be repeated until we get to the root of the game tree. In our case, we finish
after two steps and the rational client K chooses the edge that leads to a lower monthly
charge for maintaining the account, i.e., he/she chooses the strategy of an active client
A, see Fig. 3. This is how we found the Nash equilibrium (xo, yo) = (A, S), which
means that the bank client should be active during the bargaining process about the
monthly price for his or her bank account. The bank should offer its client a discount so
as not to lose him or her. It needs to be stressed that this result was obtained under the
assumption that the game participants have complete information available, when the
players know all the possible scenarios of the game. The requirement of an informed
and active bank client is essential to achieve the found result of the game. The result
leads us to the type of bargaining known as WIN-WIN.

7 Conclusion and Discussion

The aim of the article was to analyze the current situation on the banking market in the
Czech Republic. Using the Client Index, which measures the average cost for a current
account per month were calculated quarterly average values (up to 2015 were calcu-
lated as monthly and quarterly value). The average client will pay CZK 188 per month
(7,137 Eur /month) at the bank. This value was used in the last section dealing with
banking theory.

The Czech banking market is changing and digitizing. Czech Republic in the
number of users of Internet banking on the average of the European Union. Due to the
high number of banks, there is a high level of competition in the banking market.
Banks are forced by clients to constantly develop new technical innovations. One of
them is the simplest and most intuitive control of Internet banking. At present, how-
ever, emphasis is placed on mobile banking. Banks are trying to attract clients with new
solutions and security measures that are quick and easy to control. This is one of the
reasons why clients stay with large traditional banks where they pay high fees for
managing their account, even though the market is constantly growing with low-cost
banks that offer free account maintenance’s.

According to the Czech Statistical Office, the Czech Republic has 10 613 350
inhabitants. Table 1. Number of clients in 2015 and 2018 shows that the Czechs own
more than one bank account. Czechs are a conservative nation and, despite the high
cost of keeping an account, they do not interrupt their account with a large bank.

Solutions and opportunities for banks and clients is a novelty on the market - open
banking.

The European directive known by the acronym PSD2 (Payment Services Directive
2) gave an open banking, aimed at creating a single market for payments through the
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regulation of banks and new payment service providers. The new Czech Payment
System Act, which entered into force in January 2018, is also based on this directive.

As a result, clients are gradually being able to manage their payment accounts with
different banks and carry out certain operations with them through just one mobile or
Internet application. Open banking enabled Creditas first, followed Fio, Equa bank or
Air Bank. By the end of the year wants to establish an open banking, other banks such
Česká spořitelna and others, [37].

Through open banking, clients can better manage their money and better manage
and monitor the amount of individual product and service charges. This can reduce the
monthly cost of managing your bank accounts. This also gives them a better chance of
negotiating with the bank.

In terms of bargaining and game theory, WIN-WIN has emerged as the best
strategy. The WIN-WIN strategy is most often applied in practice because banks try not
to lose their clients. If the client actively negotiates, they will in most cases comply
with it. It is a question for discussion why the citizens of the Czech Republic do not
negotiate more with the bank and prefer to create new accounts, even if they keep their
old account.
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Abstract. Over the last few years, online social networks have experienced
exponential growth in both profile registrations and social interactions. They are
widely used in the personal life but also in the business. The goal of the article is
to state the most often used accounting software and their producers in the
connection with use of social networks by producers of accounting software in
the Czech Republic. The sub-goal is to present records gained from Socialbakers
focused on the evolution of fans on Facebook and how a company decides on
the use of the optimal mix of platforms. Classification of social networks, social
media and accounting software are solved and shortly described at the first
theoretical part. Main producers of accounting software and analysis of social
networks that are used by producers of accounting software are presented in the
main part of the article. It is also analyzed whether producers of accounting
software have direct links from web pages on the selected social networks. The
last part is devoted to selected social networks and how to use it in the com-
panies producing accounting software. Selected topic is up-to-date and it is not
often solved in the literature. The topic is important to the professional public. It
was founded that most often used social network by producers of accounting
software are Facebook, YouTube and Twitter. The links from web pages are
often used also in the connection with Google+. All companies do not put links
on the used social networks.

Keywords: Accounting software � Communication � Information
Social network � Use

1 Introduction

Measuring and evaluation of company performance is carried out in companies through
accountancy and other software. Producers of accounting software are trying to
increase their efficiency and profitability and sell as many products and licenses as
possible. This is related to communication not only with new customers but also with
current ones. At present time, one of the major channels of communication is web sites
and social networks. Their advantage over printed one is fast delivery, possible
updates, or lower costs. Social networks are widely used not only in the personal life,
but also in the commercial sphere. They have a lot of effects on the society. Increased
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online communication and fastened communication are some of them. The question
may be whether the companies that produce accounting software in the Czech Republic
use selected social networks for communication with their customers, potential cus-
tomers, students and next audience. Businesses that would like to implement new
accounting software take into consideration lot of criteria. One of the key elements in
the selection may be communication with producer of the accounting software via
various channels. Selection of new accounting software was solved in the previous
research done by Svobodová, Černá [1].

The organization of the paper is follows. Firstly theoretical background is descri-
bed. The main part of the article is focused on the evaluation of use of social networks
by producers of accounting systems. The paper contributes to the exploration of uti-
lization of Web 2.0 phenomenon and social networks by companies and individuals in
the field of accounting software. Topic of producers of accounting software and
communication via social networks were connected because companies are searching
how to save money in all areas of doing business, earn more money, have a larger share
on the market and other goals. Social media are very often perceived as the possibility
how to save money in the communication with customers and how to engage attention.
Contrary people like to use social networks that are nowadays modern, popular and
often used not only by one generation.

2 Literature Review

2.1 Web 2.0

Web 2.0 concept was defined by Tim O’Reilly in 2004 as a designation of the new
generation of the Web. “Web 2.0 is the business revolution in the computer industry,
which is caused by deflection in the understanding of the Web as a platform. Key
among those rules is this: build applications that will be better and better due to the
network effect with an increasing number of people” [2]. O’Reilly [2] defined the main
differences between classical Web site and a new generation web. In terms of software
development Web 2.0 is characterized as a shift from centralized processing and ser-
vices to decentralization. Second generation web gave users the ability to handle their
website and use social networks to converge with other users and attract potential
customers. Web 2.0 is a term for applications where the user affects the content or
communicates with other users. These applications then become social networks.

2.2 Social Networks

A sociologist Barnes [3] is considered to be the author of the definition of the social
network. The term social network is associated with the Internet and directly with the
social networks on the Internet. But this is not the only connection there is a need to
deal with the concept of social network from the sociological point of view, therefore,
the social network can be described as a “map of the area near and distant surroundings
where relationships of involved people are defined” [3].
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Černá, Svobodová [4] presented in previous research the most often used social
networks Facebook, Instagram and Twitter or Svobodová [5] use of YouTube.

Social networks have global popularity. One of the most common online activities
in the EU-28 in 2017 was participation in social networking. More than half (54%) of
individuals aged 16 to 74 used the internet for social networking, for example using
sites such as Facebook or Twitter in the EU [6]. According to Czech statistical office
[7] 48.3% of individuals aged 16–74 use social networks in the Czech Republic.

2.3 Social Media

Social media are applications which become social networks via users’ use.
Social media are a form of electronic communication (social networking and

microblogging networks), through which users create online communities to share
information, ideas, personal messages and other content (videos) [8]. Social media can
be divided on the basis to marketing tactics as Social networks (Facebook, MySpace,
LinkedIn); Blogs, video blogs, microblogs (Twitter); Discussion forums, Q & A portals
(Yahoo Answers); Wikis (Wikipedia, Google Knol); Bookmarking systems (Digg,
Delicious, Jagg); Shared multimedia (YouTube, Flickr); Virtual worlds (Second Life,
The Sims) [9].

How Brand Actions and User Actions Influence Brand Value by use of social
networks is solved in [10] and performance measurement system to quantify the
contribution of social media is presented in [11]. Du and Jiang [12] find that company
use of social media is associated with firm performance, measured by stock price and
return on assets. When testing the individual association of the various platforms and
firm performance, the authors find that only Facebook and Twitter has a statistically
significant relationship. They observe that half of the firms use one or both of these
platforms.

2.4 Accounting Software

The term refers to software accounting software that handles accounting and financial
processes. The offer of accounting software focuses on the specific size of the company.
According to company size amount of income, the number of transactions processed and
the number of employees differs. There are special offers to the market according to
company size small, medium and large businesses. Accounting software in each seg-
ment focuses on something else. At the level of small companies the offer covers
standard accounting modules, such as purchase orders, payroll, billing, etc. Generally at
this level the software runs on a separate system and supports multiple users who are
incorporated into database software. The acquisition cost of such software is low and
can be purchased as so called box software. Accounting software provides medium-
sized organizations with complete components for processing of financial activity of the
company which is usually specialized. The last segment of the large organizations is
favouring the complex connections between companies using ERP systems. These
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systems are expensive. The development of the system itself is a tiny item in the final
list. The largest expenses include consulting, training, workflow reengineering, orga-
nizational restructuring costs, installation and commissioning itself [13].

2.5 The Main Purposes of Selected Social Networks

The subchapter contains theoretical background of purposes of selected social networks

• Facebook - Facebook for marketing allows businesses, organizations and public
figures to connect with customers, fans and constituents through the website.
Businesses and other brands create pages where they can post content, provide
organizational news, offer deals, introduce products and manage customer service
relationships. They also can reach a large number of people with targeted adver-
tising, creating ads specifically for Facebook that are tailored to appear on the pages
of specific groups of people they hope to reach [27].

• YouTube - companies might gain a lot from short videos on YouTube showing the
benefits of their products and also videos how to use products. YouTube is all about
getting visitors to stay and consume video after video so that they can see ad after
ad. According to one small study, conducted by Phil Nottingham of Distilled, only
0.72% of viewers of YouTube channels with URL’s in the description clicked thru
to the linked site. What that tells us is, if you are trying to get people to come to
your website, YouTube might not be the tool to click thru to the linked site [28].

• Twitter - it is a social networking and microblog provider that allows users to send
and read posts sent by other users, known as tweets. The main purpose of Twitter is
to make profits for those running the business (founders, investors, employees and
more). From a user’s perspective, it may serve many purposes including but not
limited to: Keep an eye on trending events/news, Connect with like-minded people,
Marketing or promotion of business, Stalk and spam, Vent out emotions or anger,
Business Support, Finding and connecting with influencers [29].

• Google+ - the purpose of Google plus is to provide a binder to the web experience
of a user. It is one of the top components of Google ecosystem now solving a
multitude of problems not only for Google but for the whole web. It also helps
provide a web identity to users [30]. Glusman presented [31] 7 Reasons Why You
Should Be Using Google+ For Your Business.

• LinkedIn - it is a professional social network where professionals meet and discuss
their work interests and they are also looking for new employees. LinkedIn is a
professional social media network, where users create profiles highlighting current
and prior work experience. You can upload resumes, connect with colleagues and
classmates and build a network that can help you advance in your career [32].

• Instagram - the app allows users to upload photos and videos to the service, which
can be edited with various filters, and organized with tags and location information.
An account’s posts can be shared publicly or with pre-approved followers. Users
can browse other users’ content by tags and locations, and view trending content.
Users can “like” photos, and follow other users to add their content to a feed [33].
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3 Methodology and Goal

The goal of the article is to present the most often used accounting software, their
producers in the connection with use of social networks by producers of accounting
software and links with producer’s web pages in the Czech Republic. The sub-goal is to
present records gained from Socialbakers focused on the evolution of fans on Face-
book and how a company decides on the use of the optimal mix of platforms.

The article was prepared on the basis of print and electronic resources. Specialized
articles that deal with issue of financial accounting or social media can be found. By
contrast, printed literature on accounting (economic) software doesn’t nearly occurs on
the Czech market. Available books on accounting are primarily concerned with the
processing and are intended for teaching or as a handbook for accountants. Specialized
materials in the field of information technology are in particular focused on the area of
enterprise information technologies and their application. Publications on ERP systems
are available in this field and in most cases they contain accounting (economic) soft-
ware, but they do not aim deeper on it. In contrast to the situation on the Czech market
there are a lot of foreign sources abroad. In case that we link accounting software and
their producers and social networks together there are not a lot of articles focused on
this issue. The existing literature focused separately on the accounting software and
Facebook or social media or social network in the connection of promotion of the brand
or product, communication with customers or training etc. There were not founded
relevant articles in databases Web of Knowledge or Scopus focused on the intercon-
nected topic. This topic is still in its infancy. The intention of the article is to stimulate a
conversation and proposes ways in which to frame early and future research.

The main part of the article is based on the available resources of the most often
used accounting SW and their producers in the Czech Republic. Selected accounting
SW will be applicable for SME. The selection was done due the highest proportion on
the market. In the next step was done analysis whether the producers of accounting SW
use selected social networks or not and whether are web pages of the producers
connected with their social networks. Next part of the article is devoted to statistics of
fans from individual companies. Data was obtained from Socialbakers [14]. The last
part is devoted to optimal use of platforms by companies producing accounting SW.

4 Results

The first part contains the results of selection from accounting software products and
their producers. Data were selected from the SystemOnLine website [15] which deals
with statistical data about accounting, economic and ERP systems and with their use,
information about functions, prices etc. in the Czech Republic. Accounting software for
SME in the Czech Republic will be included into next processing. The second part
contains information about social network Facebook, YouTube, Twitter, Instagram,
Google+, LinkedIn and their use by accounting software producers. Next topic is
focused on the interconnection of social networks with web pages of companies.
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4.1 Accounting Software and Producers

On the basis of gained results from the investigation a selection of the below discussed
results have been made utilizing SystemOnLine website. Individual companies regu-
larly update detailed information about accounting software products, including the
number of installations, number of hot-line workers, number of consultants of the
product, functions of the product, price, etc. In the filter it was firstly entered - ̔find a
product that has more than 10,000 installations ̕. The following products were dis-
played: Ekonom, Pohoda, Money S3 and “Účto” (Accounting). Due the larger sample
of the companies was the selection repeated with the smaller number of installations
that were reduced on 5,000 installations. Into research will be added Abra Gen, Helios
Orange and Stereo Ježek Software (SW). In the next search specific data of all other
products were found. Table 1 shows all the above mentioned accounting software and
ERP systems. Pohoda with more than 200,000 licenses and Money S3 with more than
60,000 licenses are the most widely used box systems in the Czech Republic. Ekonom
has representation in 35,000 licenses followed with other product Účto Tichý with
24,200 licenses on the second type of accounting in the Czech Republic that use most
of the business entities. In Table 1 there are presented name of product, name of
producers, number of installations, size of the biggest installation, workers on hot-line
and number of consultants of the product. Some data were not filled in by the
companies.

Company Solitea Česká republika (Solitea CR) was till October 2017 known and
named as Cígler Software. The biggest installation recorded product Helios Orange
with 250 installations. Pohoda with 60 and Money S3 with 50 were on the next
positions. Účto Tichý and Stereo Ježek Software is focused mostly on the small
companies. From accessible sources it is possible to mention, that the biggest number
of workers on hot-line is in company Asseco Solutions. It can be connected also with
their other products that they offer to bigger companies. The smallest number of
workers on hot-line recorded Účto Tichý with 4 employees and Ekonom and Stereo

Table 1. Accounting software, more than 5,000 installations [15, own elaboration]

Name of
product

Name of
producer

Number of
installations

Size of the
biggest
installation

Workers
on hot-line

Number of
consultants
of the product

Pohoda Stormware 200 000+ 60 76 100
Money S3 Solitea CR 60 000 50 65 120
Ekonom Elisoft 35 000 25 8 15
Účto Tichý Tichý & spol. 24 200 4 A few tens
Abra Gen Abra Software 9 400 20 64
Helios Orange Asseco

Solutions
6 088 250 101 203

Stereo Ježek
SW

Ježek Software 5 000 8 44

430 L. Svobodová and M. Hedvičáková



Ježek Software with 8 workers. Asseco has also the biggest number of consultants.
Less consultants recorded Ekonom. Účto Tichý and Stereo Ježek Software. Účto Tichý
and Ježek Software closely cooperate. Účto Tichý has software for individuals (sole
traders) that lead single-entry bookkeeping and Ježek Software for corporate bodies
that lead double-entry bookkeeping. Pohoda, Money, Ekonom and also Abra offers
both types of accounting used in the Czech Republic. Almost all companies actualize
information about them. The newest one was done 11th of June 2018 by Abra Software
and Ekonom 6th of June 2018. In 2018 15th of March actualize also Solitea CR. Tichý
& spol. recorded the oldest data from 8th of November 2016. Stormware with the
biggest number of licences updated more than year ago 16th of February and Ježek
Software also 1st of June.

4.2 Accounting Software, Web Pages and Social Networks

In the next part of the research there were analysed social networks Facebook, Twitter,
Instagram, YouTube, Google+ and LinkedIn in the connection with producers of
accounting software in the Czech Republic. It was searched whether or not have the
producers of accounting software account on the widely used social network Facebook
or on others. Accounts of the individual brands were searched on the all mentioned
social networks. Results are presented in Table 2.

It was founded that all producers use social networks Facebook and YouTube for
communication with audience. Twitter and Google+ use all producers instead Tichý &
spol. Table also presents interconnection between web pages and direct links on social
networks where their accounts were founded. It was founded that all companies instead
Účto Tichý have direct links of their Facebook profile. Even though all companies use
YouTube, the direct link from the first page uses only two companies Abra Software
and Asseco Solutions. Next link has also Stormware but it is necessary to click more
times. Twitter has not links on the websites in all companies. Elisoft and Solitea CR is
missing those information. Links on Google+ were not found for companies Asseco
Solutions and Elisoft. Links on Linkeid in missing in company Stormware and Ježek

Table 2. Use of social networks and direct links between companies www and social networks
[16–19, own elaboration]

Facebook YouTube Twitter Google+ Linkedin
Use Link Use Link Use Link Use Link Use Link

Pohoda X X X X X X X X X -
Money S3 X X X - X - X X X X
Ekonom X X X - X - X - X X
Účto Tichý X - X - - - - - - -
Abra Gen X X X X X X X X X X
Helios Orange X X X X X X X - X X
Stereo Ježek SW X X X - X X X X X -
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Software. Company Abra is the only one that have links on all social networks that they
use. Other social networks are also used. Solitea CR has the link on their Skype.
Asseco Solutions use also blog and Elisoft use Instagram.

All producers instead Tichý & spol. have produced and presented video courses for
all free of charge. Abra Software have free training only for license owners [20–26].

4.3 Producers of Accounting Software + Facebook + Socialbakers

Producers of accounting software were put into analytics tools that offer Socialbakers
[14]. The number of fans in the last year and their changes were indicated. The
evaluation started on June 19, 2017 and ended on June 18, 2018. It was founded that
the biggest group of fans on the social network Facebook has company Asseco
Solutions. Number of their fans at the end of the monitored period was 11 556. 9 518
fans were local (Czech Republic) – 81.12%, 1 560 from Slovakia (13.3%) and 0.85%
from United Kingdom, 0.73% from Germany and 0.42% from USA. Solitea CR has 2
868 fans at the end of the monitored period. Almost 93% were from the Czech
Republic. Next countries were again Slovakia (5.04%), Belgium, Germany and United
Kingdom.

Number of fans of next companies, % and distribution of fans:

• Abra SW – 719, 90.72%, Slovakia (4.99%), Germany, United Kingdom, Indonesia
• Ježek SW – 380, 94.7%, Germany, Slovakia, Canada, Nigeria
• Ekonom – 73, 92.86%, United States, Serbia, Slovakia, Malaysia
• Stormware – 187, 84.12%, Slovakia (13.53%), Poland, Canada and Italy
• Účto Tichý – 42, 97.3% and Austria with 1 fan is 2.7%.

Numbers of fans were changing in the monitored period. The difference between
starting date for monitoring and ending day (19th of June 2017–18th of June 2018) is
presented in Fig. 1.

The largest increase was recorded in Ježek SW by 126 fans. It was also the highest
% growth. All companies monitored growth instead Helios and Solitea, but from the
whole numbers they loss only 2.2% and 0.9% of fans in comparison with starting and
ending period.

4.4 Optimal Use of Platforms by Companies Producing Accounting
Software

Recommended optimal Social Media Network portfolio for accounting firms in the
Czech Republic is use of selected social networks. They were selected due functions
that they provide and also they are widely used by citizens and companies.

• Facebook – use for posting content, provide organizational news, offer deals,
introduce products and manage customer service relationships. It can be used
periodically but mostly when something is new in the area.

• YouTube – using video to show how to use accounting software. It is recommended
to use when some changes in the software is done to show how to use it in the new
way. There can be uploaded also videos that are connected with FAQ.
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• Twitter – through short news reports about news and actualization of products.
• Google+ – it is the social network that offers the most tools and features. It is

recommended to use user profile as a publicly visible account of a user that is
connected to many Google properties. Circles enables users to organize people into
groups or lists for sharing across various Google products and services. Companies
can use also Stream, Identity service, +1 Button, Google+ pages, Communities,
Events, Discover, Photography etc.

• LinkedIn – use to inform for seeking of new employee. Current employees can
inform about situation in the company from employee point of view.

• Instagram – use for posting of actual photo or video from the business environment.

Companies may use also WhatsApp, Viber, Blogs and other social networks if
necessary. Important is to connect social networks with the www pages of companies.
The links should be placed clearly on the first page and then if necessary by the
individual topics.

5 Conclusion and Discussion

Social networks fit knowledge management as they open the door to new ways of
communication, enable development, editing, sharing and storing materials on the
virtual platform. Social networks are nowadays one of the most popular and most often
used channels to inform and communicate not only in the private sphere but also at
business environment.

The goal of the article was to present the most often used accounting software, their
producers in the connection with use of social networks by producers of accounting
software and links with producer’s web pages in the Czech Republic. The sub-goal was
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Fig. 1. Increases and decreases of number of fans on Facebook in the last year [14, own
elaboration]
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to present records gained from Socialbakers focused on the evolution of fans on
Facebook and to state use of platforms by companies producing accounting software.

It has been founded that all producers use Facebook and YouTube. Twitter,
Google+ and Linkedin use all companies instead Účto Tichý. Unfortunately not all
used social networks and individual accounts have links on the websites of the com-
panies. Elisoft has no 3 links, on YouTube, Twitter and Google+. Solitea CR missed
two links, YouTube and Twitter. Stereo Ježek has not link on YouTube and Linkedin.
Stormware has not presented link on Linkedin and Asseco Solution on Google+. Účto
Tichý is the weakest in using social networks.

The largest share of the fans on Facebook has Asseco Solution followed by Solitea.
After a big gap are Abra Software, Ježek Software, Ekonom and Stormware. Účto
Tichý is in the last position with 42 fans. Most of the fans are from the Czech Republic.
The second group were Slovakia. Reason can be also similar products that are sold in
both countries. Asseco Solutions have the biggest share of users from abroad. Results
show interesting fact. Pohoda, that is the most often used, has the third smallest record
of fans, only 187. The largest increase of fans in the last year recorded Ježek Software
and Stormware. On the contrary, the decrease recorded Asseco Solutions that has also
the largest number of the fans and Solitea. In % decrease is only 2.2% and 0.9%
according to first and last date of the monitored period.

Companies can be advised to manage all of the listed social networks (Facebook,
YouTube, Twitter, Google+, LinkedIn and Instagram) and to get benefits from their use
in order to retain existing customers and at the same time gain new customers. Even
though social networking means additional costs for companies, they can inform
professional audience and customers about new developments in the area of accounting
and accounting products just now. It is less expensive than printed form or other types
of marketing tools.

In future there is potential for an interesting research and area of exploration. It can
be also investigated topics of posts, number of posts, like, focusing, tracking, tweets,
use of mobile apps, their use, training and posts and use of YouTube.
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Abstract. The well-known Syria crisis has made it very challenging for
thousands of Syrian children to have access to education. In this paper, we
propose digital education platform to allow displaced Syrian kids as well as kids
in the refugee camps in bordering countries, to have access to education. The
proposed platform consists of four pillars: Hardware, Software, Curriculum, and
Support services. We start by looking at the efforts performed in the field of
education in war situations, and we extract from them the lessons learned and
recommendations. We provide four main characteristics of war impacting kids’
education: (1) insecurity, (2) instability, (3) lack of resources, and (4) lack of
adults’ supervision. We then use these four characteristics along with the
extracted recommendations, as the grounds for drafting three design consider-
ations for the implementation of a digital education platform. The three design
considerations are supervised self-directed learning method, context-aware
education, and kids-oriented design. Finally, we use these design considerations
to provide design recommendations for the four pillars of the platform. We
conclude our work by discussing the validity of the platform, its implementation
feasibility, and challenges facing the implementation.

Keywords: Education in war � Education in emergencies
War characterization � Supervised self-directed learning
Digital learning platform for kids � Design considerations
Context-aware education � Kids-oriented design

1 Introduction

War impacts all aspects of the society. It impacts the economic, the social life, the
psychosocial stability of the population, the educational system, and all other aspects.
The interplay between all of these affected aspects drastically impact kids. The inter-
play between the impact of war on the educational system and the impact of war on
kids play an important role in defining the educational challenges facing kids in war
situations.

The impact of war on kids goes way beyond its impact on adults. While adults have
reached the point where they already have shaped personalities, established
judgment/moral inner-system, and some level of base-knowledge of life/career skills;
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kids, who represent the future of the society in the post-conflict period, are yet to build
all of these aspects of their lives. This developmental process is already complex, and
war conditions make it even more challenging with the risk of long-term negative
impacts on one’s self, the society, as well as future generations. The impact of war on
kids ranges from direct physical impact to indirect and long-term impact. As direct
impact, kids may suffer from disabilities caused by war injuries, they may lose one or
both of their parents; the primary caregivers for them, and they would live in distress
caused by the sense of insecurity and instability encountered during war. Moreover,
kids who lost their primary caregivers, are at higher risks of different kinds of
exploitation such as child labour, sexual abuse, and recruitment in armed forces.
A child growing up in such circumstances of war may suffer as an adult from long
lasting psychological impacts such as post-traumatic stress disorder.

As for the impact of war on education, it is reported by the UNESCO that in war
affected areas, the educational system is deliberately targeted [1]. UNESCO reports that
over a period of three years (2007 to 2009), at least 31 countries had their educational
system deliberately attacked by rebels, armies or repressive regimes. During war, the
educational infrastructure is destroyed, teachers are either killed or displaced, and fewer
funding for schools supplies is provided by authorities and by parents who prioritize
funding survival related tasks such as safety, food, health, and shelter. Targeting the
educational system during war results in decreased access to schools, the degradation
of the quality of education, and the lower educational attainment [2, 3].

This combined impact of war on kids and on education makes it challenging for
kids to pursue their education, which plays an important role in shaping their per-
sonalities and in determining their future success in life. Indeed, at the long term,
studies in criminology found negative correlation between educational attainment and
crime [4, 5]. Studies in education found that youth delinquent behaviour can be
associated to early childhood factors which can be lessened with well-designed early
childhood education [6]. Thus, the UNESCO emphasize the critical role of education in
post-conflict stability of the community [7, 8]. Indeed, education is being considered as
the fourth pillar when responding to humanitarian crisis following food, shelter, and
healthcare [9]. With respect to Syria crisis, the UNICEF reports that the number of
children affected by Syria Crisis is six-million children, among which almost 2,800,000
are displaced children, and two-million children are located in hard to reach areas,
while 133,000 children under siege in eastern Aleppo area only. Over two-million
children are out of school in Syria, and over 700,000 Syrian refugee children are out of
any form of education in neighbouring countries [10].

While the war situation makes it challenging to offer conventional educational
systems, the rapid advances in information and communication technology can greatly
help. Indeed, technology is rapidly advancing in different fields: Hardware, software,
and telecommunication. With these advances in technological aspects, we increasingly
see all non-technical fields integrating technology to enhance their effectiveness.
Medicine, Art, and Education are among these fields which are greatly benefiting from
technology integration.

In war-affected areas, the United Nations (UN) agencies as well as several non-
governmental organizations (NGOs) have initiated different projects and initiatives to
use technology for the implementation of educational platforms [11]. Given the
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emergency nature of the implementation of these educational systems, little efforts were
done to ground these projects on research-based concepts. Additionally, little was done
to implement a mechanism to measure the impact of these projects, and ways to adapt
them at a higher scale. The main critics received about these projects is that they
focused on the technology itself, and they placed little emphasis on more critical
educational components such as the curriculum, the learning environment, and the
adaption of the technology to serve the particular needs of kids in war-affected areas.

In this paper, we start Sect. 2 by looking at the efforts performed in the field of
education in war affected areas, and we extract from them the lessons learned and
recommendations. In Sect. 3, we provide four main characteristics of war, and we look
at their impact on children and their education. In Sect. 4, we use these four charac-
teristics along with the extracted recommendations, as the grounds for drafting three
design considerations for the implementation of context-aware digital education plat-
form. Finally, Sect. 5 lays out the four pillars of the platform: Hardware, Software,
Curriculum, and Supporting Services.

2 Efforts Performed in the Field of Education in Emergencies

In this section, we explore the work done in the field of education in war. We consider
research papers and reports, as well as projects and initiatives. The work considered is
focused on work which gives insights on educational challenges in war situation in
general or in Syria crisis context in particular.

2.1 Machel Report

The Machel report is an expert report released by the secretary-general of the UN in
1996. It addressed the impact of armed conflict on children, and it presented an action
plan to improve child protection in war zones [7]. The report which was prepared by
Graca Machel, was later followed up by a book in 2001 to assess the actions taken in
response to the recommendations of the 1996 report and to extend it with further
insights and recommendations [9].

Among other issues, Machel addressed the psychological impact of war on kids,
and she viewed education as means of survival. Her recommendations addressing these
two areas focus on providing educational and psychosocial support for children as an
integral part of all humanitarian efforts, and she emphasizes the importance of edu-
cating the children in ware-related issues such as landmine and peace education.
Finally, she encourages involving the community in curriculum planning to ensure that
it is childrights based and locally relevant.

2.2 Learning for a Future

The UNHCR published a book compiling a collection of five literature review papers
presented at 2001 workshop “Refugee Education in Developing Countries: Policy and
Practice” [11]. The book addresses education in emergencies, quality and attainment in
refugee schools, peace education for refugee youth, and vocational training for
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refugees. The book gives insights and general recommendations for efforts targeting
refugee education.

The book formulates the basic principles of education in emergencies as: adopting
community-based approach and capacity-building; training refugee teachers, youth
leaders, and refugee schools administrators; meeting psychological need of the chil-
dren; providing rapid response to educational needs; emphasizing durable solutions;
encouraging regional approach to certification; integrating survival, peace-building,
and citizenship messages, broadening the education to consider a verity of groups, and
promoting interagency cooperation.

2.3 The Quantitative Impact of Conflict on Education

UNISCO institute for statistics released a commissioned report in 2011 evaluating the
quantitative impact of conflict on education in 25 countries touched by armed conflicts.
The study measured schooling and retention by looking at the share of the population
without formal schooling and the average number of years of formal education. The
study didn’t include Syria as it was conducted in the same year of the Syrian uprising.
In general, the study found significant negative impact of conflict on the proportion of
the population with formal education, the average years of education attained, and the
literacy rate. Additionally, the study found that “cohorts that were of school-going age
during a time of conflict have lower educational attainment that persists over time,
indicating that these children generally do not resume their education after a conflict to
attain levels of education similar to non-exposed cohorts” [3].

2.4 Innovation Labs

“Innovation at UNHCR 2014” is a report presented by the UNHRCR innovation unit. It
highlights the five pillars which form the framework around which the unit operates.

Innovation labs are one of these five pillars. They “apply principles of human-
centred design and prototyping to address complex refuges challenges” [13]. The report
highlights the five-step approach to developing projects by the unit. The five steps are
defining the challenges, identify solutions, test solutions, refine solutions, and scale
solutions. The project they address are around five themes: learn, home, link, and
energy. The learn theme is focused on expanding education opportunities for refugees
and displaced people. Under this themes, the report lists six projects in different
conflict-affected countries (but they don’t include Syria) without providing any further
details about the projects. One of the most interesting sections of the report is the
lessons learned section. The five key lesson they highlight are: Senior management
engagement in the field prior to implementation, embedding new projects with ongoing
education strategies instead of independent projects, engaging youth and the commu-
nity in the design process, having dedicated staff, and securing multi-year funding.

2.5 Barriers to Education in Conflict-Affected Countries

Another paper commissioned by the UNESCO institute for statistics was released in
2014 to shed the light on educational challenges during war, and to “suggest policy
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interventions to break barriers to the implementation and effectiveness of education
systems” [8].

The report distinguishes between supply-side barriers and demand-side barriers.
Supply-side barriers are related to the destruction of infrastructure, social institutions
and markets, while demand-side barriers are related to the changes in economic and
social structures within families and communities along with the persistent insecurity.
The report also discusses the importance of education in achieving stability in
conflictaffected countries. It outlines two strategies to support stability through the
educational system. The first strategy focuses on educating children and young people
as agents of positive social change by involving them in several constructive social
programs and activities. The second proposed strategy is to build the enabling envi-
ronment for more effective education by reducing poverty and the need of child labour,
reintegrating traumatized kids and kids who experienced interruption in the their
education back into the educational system through inclusive educational system, and
fostering aspirations by instilling their sense of confidence and by addressing the
mental health and cognitive growths for kids who experienced war atrocities to give
them the sense of normalcy.

2.6 Syria Education Sector Analysis

A recent UNICEF report released in 2016 asses the effects of the crisis on education in
Syria between as well as in refugee camps in neighbouring countries in the period of
2011 and 2015 [14]. The study provides both quantitative and qualitative analysis. The
quantitative analysis shows that 2.1 million children inside Syria are out of school. The
enrolment rates inside Syria dropped by 44% between 2011 and 2015. As for refugees
in neighbouring countries, while the enrolment rate has been decreasing between 2012
and 2015 from 73% to 53%, in terms of absolute numbers, 627,000 children out of 1.3
million are out of school. The qualitative analysis identifies four main reasons for this
drop in enrolment: security and fear, earning money to support the family, education is
not a priority (compared to survival), and learning costs. In addition, the qualitative
analysis identify several educational challenges including: the decrease in the quality of
education caused by the overcrowded classrooms, reduced school hours, and high rate
of absenteeism for both students and teachers; the lack of school supplies such as
textbooks, classroom boards, stationaries, and other teaching aids; the absence of
proper teacher training to deal with emergencies and traumatized children; and the lack
of recreational and extracurricular activities and psychosocial support to students.

The study concluded by making several recommendations including: encouraging
the active involvement of the parents’ community in the education process; increasing
the coordination among educational partners in Syria, and sharing evidence-based data,
and lessons learned in order to avoid duplicated effort and scale up what works well;
promoting psychosocial support through recreational and extracurricular activities, and
initiating support group sessions for students and staff; developing creative teaching
strategies to deal with the lack of educational resources; supporting the development of
selflearning materials for children who are unable to attend school; and extending
school hours in safe days to make it up for missed days.
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2.7 One Laptop Per Child (OLPC)

One laptop per child program was initiated by MIT media lab in 2005. The idea of the
program was to provide elementary kids in developing countries with affordable “$100
laptops”. A number of developing countries adopted the program either as a pilot
project for a few schools, or for at a large scale. Currently only a few research work
performed formal and informal evaluation of the effectiveness of the program and they
show varied findings [15, 16].

The program was criticized as being “a laptop” initiative not an educational ini-
tiative. Indeed, the program didn’t integrate pedagogy at its heart, and it didn’t provide
guidance on ways to integrate the use of computers into the learning process. Addi-
tionally, the program didn’t consider the social and cultural context of the deployment
environment [17, 18].

Bhatta [19] introduced a framework for implementing the OLPC model. The
framework consists of planning and implementation of four key areas: digital contents,
teachers’ preparation, network and power infrastructure, and the development of the
government’s capacity in all of the previously mentioned three areas.

3 Characterizing War-Situation

When it comes to kids’ education during war, war situations can be characterized by
the following main traits: insecurity, instability, lack of resources, and lack of adult
support and supervision. Each of these trait is described below.

3.1 Insecurity

In the absence of security, sending kids to schools becomes a real challenge to parents.
Not only the schools are intentionally targeted during conflicts [1], but also the way to
the school is not safe. Parents in war face the dilemma of taking the risk of sending
their kids to school or keeping them presumably safe at home.

Whether planed or not, kids abduction in the presence of insecurity is very com-
mon. In Syria, kids are abducted for two main reasons. In the relatively more secure
areas under the Syrian regime control, kids’ abduction is performed mainly for financial
gains obtained as ransoms from parents. Young adults’ abduction, however, is believed
to be done by the regime security services as a way to keep the people oppressed and
under constant fear, and in many cases abducted people are found dead with signs of
torture. In the areas under the control of armed rebels, kids are recruited in the armed
conflict as child soldiers which are easily manipulated [23].

Syrians who fled the war in Syria and settled in neighbouring countries also suffer
from a different type of insecurity caused by tensions between refugees and host
communities, as well as the tension within the refugee camps community caused by the
rough conditions of life in refugee camps [20].
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3.2 Instability

In the insecure war situation, families are frequently displaced looking for a safer place.
In many cases they are moving from one neighbourhood to another, from one city to
another, and even from one country to another. This shelter instability issue, causes
economic, emotional as well social instability for displaced people who had to leave all
their belongings and homes behind and settle temporarily in a different shelter within a
different society. Additionally, in war situation, the family status is also unstable. In
many cases a member of the family is killed, kidnapped, disabled with a war injury, or
separated from the rest of the family during an attempt to escape bombing or during a
clandestine attempt to cross the borders to another country.

In such unstable environment, kids’ education is constantly interrupted, and the
continuity of the education becomes very challenging with different curricula and
different instruction languages. Additionally, with the economic and social instability,
older kids are either forced or choose to make survival choices (work, get married, or
join militant groups) which don’t include education.

3.3 Lack of Resources

While the lack of resources is usually one of the reasons behind interstate conflicts, in
intrastate conflicts such as in Syria crisis, lack of resources is a consequence of the war.
In Syria crisis, there is a clear lack of all resources: food, medical supplies, clothes,
fuel, energy sources, educational supplies, and even qualified experts (doctors, engi-
neers, teachers, etc.).

The lack of resources inside Syria is caused by the destruction of the agriculture
sector (the major economic source in Syria), the difficulty in transporting products, and
the regime’s enforced siege on some opposition controlled areas. The educational
sector is highly affected by this lack of resources. Schools are either destroyed or used
as shelters, and school supplies are either limited or not available. Additionally, a
number of teachers and administrative staff are either killed, joined the armed conflict,
or fled the area. Parents, authorities, and humanitarian organizations are prioritizing
spending funds on shelter, food, and medical supplies over school supplies. While
resources are relatively available in areas under the Syrian regime control, the prices are
usually very high for internally displaced families.

Whether in urban areas or in refugee camps, lack of resources is also an issue for
Syrian refugees in neighbouring countries. Most refugee camps are supported by the
UNHCR and charitable organizations, however the educational fund they receive is a
lot less compared to the actual needs [10].

3.4 Lack of Adults’ Support and Supervision

As it is always the case in war, it is common to have increased numbers of orphans,
kids with single parents, or unaccompanied kids who were separated from their fam-
ilies. In these circumstances, child labour, abuse, and exploitation are common phe-
nomena. Additionally, even when kids live with both parents, the high stress of war
affects adults’ ability to provide proper parenting [12, 21]. Parents are preoccupied by
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finding ways for survival. Their focus and priority goes to finding safe shelter, food,
and medications, and to keeping their kids alive. Additionally, in many cases parents
prioritize work for older kids compared to education.

In such circumstances, kids are either left with no responsible adult who can
provide emotional support or educational/behavioural supervision, or with preoccupied
stressed parents who are themselves in need of social and psychological support. In
such circumstances, kids are vulnerable and are easy subjects of abuse and exploitation.
This is why many researchers believe that education doesn’t only help children in
securing decent future, but it also plays a role in distracting kids from the stress of war
and it allows them to have a sense of normalcy by following a daily normal life routine
of going to school and meeting with other kids and consequently it plays a natural role
in lessening the psychological impact of trauma and displacement [12]. Education also
plays a role in enhancing the kids chances in getting the appropriate knowledge they
need to protect themselves from abuse and to establish their moral code of distin-
guishing right from wrong.

4 Design Considerations in War

In this paper we propose a digital context-aware platform for education in emergencies.
The platform emphasizes student’ home-based self-learning method with frequent
supervision and follow up by a teacher. The platform has four pillars: Hardware,
Software, Curriculum, and Supporting Services. The specifications of these pillars are
based on three design considerations which are derived from the context of war. The
three design considerations are detailed below.

4.1 Supervised Self-directed Learning Method

Given the unique situation of children impacted by war, the system should enable kids
to follow their course of study regardless to whether they are physically present at
school or not. Due to instability, and insecurity issues, children as well as teachers have
high rate of absenteeism. To deal with this on/off situation, the system should be
designed so that it can be used independently by the child at home, while at the same
time being periodically supervised by a teacher within or outside the context of the
school. This would allow children who are unable to attend school (e.g. under siege) to
continue their education independently.

In this context, self-directed learning is well suited to allow kids to independently
learn from home. While in the general sense, self-directed learning is a learning method
followed by adults who have greater autonomy; organization; and motivation; when a
pure self-directed learning method is applied with kids it could be problematic.
Although the tough conditions of life during war increase the kids’ autonomy, and
might create fierce eagerness to learn as they view education as their way out of the
poor life conditions, children don’t have enough life experiences or organizational
skills to organize their education within a formal curriculum which lead them to an
accredited middle-school or high-school degrees. Accordingly, we suggest comple-
menting the independent learning of kids by a formal periodical supervision performed
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by an adult educator, hence the term “supervised” is added to “self-directed” learning.
In this context, the supervised self-directed learning focuses on allowing the children to
independently and flexibly explorer learning materials and resources which are linked
to a pre-defined curriculum, while at the same time periodically supervising the kids’
learning, and redirecting them towards the curriculum when their learning greatly
diverges from the curriculum.

This suggested learning method has two main implications. First, it suggests
implementing a monitoring and follow up mechanism to keep the child on the right
track. Consequently, it forms the basis of study continuity for the children, where the
teachers can (remotely) follow up individual children progress. In addition, this aspect
of supervision adds the formalism required to allow the children’s re-integration at
school when the situations are more stable. The second implication of supervised self-
learning is the need for collaboration and sharing mechanisms to allow effective
interaction between the students and the teachers.

This learning method is well suited during emergencies since it mainly focuses on
empowering kids with the learning materials they need to perform their study inde-
pendently, while it requires minimal support and supervision from educators, which
means that a small number of teachers can follow up a larger number of students. It also
means that children can still follow up their education at their own pace regardless of
their conditions: children in hot-zone war, children under siege, young married girls, or
working adolescents.

Finally, it is worth noting that the suggested supervised self-learning method with a
digital platform focuses on empowering the student with digital self-learning material
to be used independently at home, but it doesn’t carry any assumptions about the use of
the digital platform at school for learning.

4.2 Context-Aware Education

We introduce the term “Context-Aware Education” to refer to the education process
which takes into consideration the context of the learning environment. In our proposed
platform, the context that we want the education to focus on is the “the different
possible situations in war context”. We, thus, propose this type of education to take into
consideration the context of war in two dimensions: the learning outcome dimension,
and the learning tools and aids dimension.

In the first dimension, context-aware education expands the learning outcomes of a
traditional curriculum to take into consideration the unique situation of the war and of
refugee camps. In a traditional educational system, the curriculum is built around:
Math, Science, Language Art, and Social Studies, while at the same time, behavioural,
and social aspects of the curriculum are implicitly present through the context of the
school community and under the supervision of qualified teachers, social workers, and
administrators.

In the context of war, where the school society is compromised, behavioural, and
social aspects as well as war related concerns should be explicitly integrated into the
curriculum. These may include for example: health and safety education, peace and
conflict resolution strategies, protection and defence practices, and psychosocial
wellness. Indeed, in the long term, today’s children’s are tomorrow’s society builders,
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and if they are well equipped with the appropriate peace education, the chances of
future conflicts can be reduced. Additionally, in the post-conflict period, the commu-
nity would need well equipped young adults to rebuild the society.

The second dimension of context-aware education deals with the lack of resources
available in the learning environment such as school supplies, learning aids, teachers,
and even learning-time can be viewed as one of the educational resources.
Contextaware education deals with the lack of these resources by finding alternatives
when these resources are not available. For example, how to teach a 5-yrs old child to
hold a pen and write when pencils and papers are not available? How to teach an older
child in vocational education how to sew a dress without textiles? How to teach a child
a concept without a teacher? How to teach a child a concept in shorter time than
originally planned? Based on the context, the 5-yr child can be offered as an alternative
to use a stick to trace the letters on the sand or the snow, plastic/paper bags or tree
leaves (or any other material available in the surrounding environment) can be offered
as an alternative to fabrics, self-learning materials can help a child learn independently,
and innovative teaching strategies can help a teacher cover more concepts in shorter
time to a larger number of kids. In a digital context, hardcopies of textbooks can be
replaced by softcopies, interactive digital forms can replace work-sheets, touch-
screen/stylus/digital forms can replace the need for traditional school supplies, etc.
Consequently, context-aware education requires creativity approaches in teaching and
learning strategies, and it requires adapting the curriculum so that the same learning
outcomes can be achieved using alternative learning aids and solutions.

4.3 Kids-Oriented Design

As opposed to adults, kids are still in the development process; their physical, cog-
nitive, and emotional abilities keep changing until they become mature adults. Since
the main targeted users of the educational system are kids and juniors under 18 years
old, who may or may not be supported or supervised by adults, it is important to
consider kids’ needs, limitations, and challenges when designing the digital education
platform. In this context, kids-oriented design goes beyond an appealing user interface
for kids.

Kids-Oriented design would address kids’ physical abilities, mental/cognitive
abilities, and emotional/social abilities. In addition, given the expected lack of adults’
support in war situation, the system should be designed to be used independently by the
kids while taking into consideration the child’s online safety, age-appropriateness of
contents, ease of use, as well as automated maintenance and support.

Additionally, with kids-oriented design, the system should be built keeping in mind
that “one system doesn’t fit all”, and it doesn’t even fit one child who is developing
over time. An appealing system for a 7 years old child will be a boring system for the
same child at age 8, and what works for an 8 years old child will not work for a 15
years old child.

Finally, kids-oriented design would maximize the opportunities to exploit the
inquisitive, impatient, adventurous, and creative nature of kids.
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5 Four Pillars of the Education Platform

Taking into consideration the three design considerations presented in Sect. 4, the
system can be designed based on four pillars: Hardware, Software, Curriculum, and
Support.

The hardware should be portable with diverse ways for connectivity (Bluetooth,
WiFi, 4G, Ethernet etc.). It should be rugged and energy efficient. The software should
be supported by a monitoring and follow-up mechanisms, as well as collaboration and
remote access assistance tools. Additionally, a pluggable architecture of the curriculum
would allow large scale participation in the development of the curriculum by a large
community of educators while keeping the material well-structured according to an
approved standard. It is worth noting here that a curriculum in war context should be
extended beyond math, language art, science, and foreign languages. For example, an
extended curriculum could include health and safety education, peace and conflict
resolution principles, child protection and self-defence practices, tolerance and positive
citizenship in addition to other topics relevant to the specific context where the system
is being used.

Since several curricula are adopted in different areas; inside Syria, in refugee
camps, and in bordering countries outside refugee camps [22]; it is almost impossible
to use one curriculum in all varying contexts. Consequently, the platform should allow
for the flexible integration of different curricula. Regardless of the chosen curriculum,
the learning materials should be designed for self-learning.

Finally, in addition to hardware, software, and curriculum, a very critical compo-
nent to ensure the continuity of using the system is the support services. Support
services should consider technical support, educational support, as well as psychosocial
support. Such services should not be assumed available on the ground, consequently,
the platform should be designed to integrate these services online.

6 Conclusion

The presented framework was derived from the body of work done to address edu-
cation challenges during war. The platform was designed following four steps:
(1) Understanding the context of war and extracting the main war characteristics rel-
evant to kids and their education, (2) Extracting strength, weaknesses, and recom-
mendations from the work done in the field of education in war in general and the use
of technology as a solution in particular, (3) Adopting three major design considera-
tions based on the extracted recommendations, (4) Specifying the main components of
the platform based on the adopted design considerations.

Although the state of the art of all components of the platform shows that the
implementation of the platform is feasible, given the extended scale of context-aware
education, the implementation process requires massive scale and support to adapt
exiting hardware, software, and curriculum to war context in general and to Arabic
language and Syrian social community in particular. Consequently, adopting open
source software, and keeping the implementation process open to community’s as well

446 N. Almasri et al.



as volunteers’ participation is a key factor in the fast implementation and adoption of
the educational system.

Additionally, the cost of the implementation of the platform is clearly another
challenge. Assuming active participation of NGOs and volunteers in content devel-
opment, the major cost attributed to the system would be the price of the hardware
(laptops, tablets, solar chargers). The expectation is that for context-aware hardware,
the minimum base-line price would be that of OLPC laptops which were engineered to
work on poor communities of the developing countries, however OLPC failed to reach
the promised $100 price.

Finally, despite the challenges, we believe that the benefits of the system outweigh
the downsides. In addition, while the presented platform was designed mainly to
address Syria crisis, it can be considered as a step toward a sustainable solution for
education in emergencies that agencies like UNICEF and UNHCR are looking for.
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Abstract. This study set out to link two fundamental topics of corporate gov-
ernance: Information technology governance (ITG) and the level of electronic
financial disclosure (EFD). The paper aimed to examine the extent of ITG in the
UAE listed firms, the level of EFD by UAE listed firms and the association
between the two variables. The researchers collected data from a sample of 103
firms listed in the financial stock markets of the UAE for the years 2016–2017.
A regression analysis was used to test the relationship between the dependent and
independent variables. Consequently, the study found a positive and significant
relationship between ITG and EFD. From a practical perspective, this paper is
aimed at the board of directors and executive managers, as IT governance is their
responsibility. Furthermore, from a theoretical perspective, this paper offers a
unique point of view, which adds to the literature review discussing IT gover-
nance mechanisms, and EFD. The study would also be of interest to the inter-
national investment community, regulators, policy makers and governments in
the UAE, the Middle East as well as the other GCC countries.

Keywords: Information technology governance
Electronic financial disclosure � UAE

1 Introduction

Disclosure is a term that frequently changes among researchers. Clinch and Verrecchia
define voluntary disclosure as a firm’s policy to disclose information that depends both
on the characteristics of the economy and the ex-post realization of the information
before its disclosure; therefore, possessing an endogenous disposition. Based on Yang
et al. (2016), several studies have recognized that one of the key determinants of a
firm’s voluntary disclosure strategy is corporate governance (CG), and it is associated
with the dissemination of management earnings forecasts, earnings press releases, and
corporate restructuring disclosure to decision-makers.

Recently, electronic financial disclosure (EFD) has been perceived as one of the
most important platforms used by firms in communicating information to stakeholders
(Drake et al. 2017). A pioneering study by Lymer et al. (1999) describes EFD as the
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public reporting of financial and operating data by a business enterprise through
Internet-based communications media. Due to its low cost, managers are able to dis-
close accurate and relevant information more frequently through EFD. This helps firms
to adhere to the principles of corporate governance by enhancing transparency and
reducing information asymmetry and agency related costs.

Another significant corporate governance issue currently faced by the modern firm
is related to Information Technology Governance (ITG). Previous research shows that
information technology has a direct effect on corporate governance (Farhanghi et al.
2013). According to the website of the IT Governance Institute (ITGI) (2018), ITG is a
subset of corporate governance which focuses on information technology systems, and
how their performances are measured, and risks managed. McCollum (2006) claims
that the Sarbanes-Oxley Act of 2002 has alerted the board of directors to their firm’s
need to prioritize Information technology governance. Therefore, due to the critical
need of ITG, Huff et al. (2004) demands that an IT expert should be appointed to the
board to provide diverse views based on practical experience or background they have
in the field of information technology. Moreover, since information technology is a part
of corporate governance, Damianides (2005) argues that the reliability and level of
financial disclosure is greatly influenced by a strictly governed IT environment.
Therefore, it would be interesting to examine the level of EFD from an IT governance
perspective.

Consequently, this paper aims to link two fundamental topics of corporate gover-
nance: modern disclosure practices and IT Governance. The study was undertaken to
address the following main research questions. First, what is the extent of Information
Technology Governance (ITG) by UAE listed firms? What is the level of Electronic
Financial Disclosure (EFD) by UAE listed firms? Finally, what is the relationship
between ITG and the level of Electronic Financial Disclosure in the UAE?

1.1 Why UAE?

The United Arab Emirates is used as a context of this study for several reasons. Firstly,
the UAE considers infrastructure and technology as a highly significant basis of social
and economic development (Arafat et al. 2018) as it is moving from an undiversified oil
dependent economy to a diversified non-oil dependent economy. The UAE is, there-
fore, viewed as the financial hub of the region with a perfect legal system and a good
investment environment. In 2014, the UAE’s Telecommunication and Regulatory
Authority (TRA 2014) published their fifth sector annual review stating that 85% of the
country’s population regularly uses the Internet.

Hussainey and Alfiriji (2012) believe that the UAE, especially Dubai, is the des-
tination of choice for international investors due to three main reasons: speed, culture
and governance, as the UAE has initiated the application of international standards of
corporate governance in 2010 in an attempt to merge with the global economy (Hasan
2012). Consequently, as a financial hub which attaches great importance to technology
and foreign investments, the UAE provides a unique and interesting context to study
the relationship between ITG and EFD.

This paper is written with the board of directors and executive managers in mind,
because IT governance is in due course their responsibility. Moreover, to the best of the

450 A. M. A. M. Al-Sartawi et al.



researcher’s knowledge negligible studies have examined the level of EFD in the UAE;
thus, contributing knowledge to the literature related to electronic disclosure, ITG, and
the UAE. Despite the study having significance to the UAE business environment, it
can provide contributions to the Middle Eastern countries, mainly the Cooperation
Council for the Arab States of the Gulf (GCC countries), as they share comparable
economic, political and social environments. Moreover, the paper offers implications
for firms considering IT-experienced nominations to their boards.

2 Literature Review

2.1 Electronic Financial Disclosure

The fundamental theory that underlies the disclosure practices of firms in relation to
corporate governance is the agency theory. The agency theory involves the conflicts of
interest resulting from the differences between the interests of shareholders and that of
managers. The relevant literature presents arguments stating that managers have
incentives to make investment decisions that reduce the risk of losing their jobs or
increase their compensation (Hussainey and Alfiriji 2012). In turn, this conflict between
managers and shareholders gives rise to monitoring costs and other costs by the agent
to assure the shareholders that there will be no harm to their interests (Al-Sartawi
2016).

Fama and Jensen (1983) argue that the responsibility of the board of directors in an
agency framework is to solve agency issues between managers and shareholders by
suggesting a fixed compensation, and replacing managers that do not create value for
the shareholders (Carter et al. 2003). According to Healy and Palepu (2001), corporate
governance plays a crucial role in reducing the information gap between the firm and
investors who are less informed than the managers. So, to reduce this information gap
(asymmetry) and the related agency costs, firms need to disclose accurate, transparent
and timely information to the public. This could be achieved through electronic
financial disclosure (EFD).

Poon and Yu (2012) defined EFD as the use of the firms’ websites to disseminate
both financial and non-financial information. The advancement in broadband tech-
nology has significantly increased accessibility to the Internet. It is now cheaper, easier,
and much quicker for people to communicate globally. Thus, traditional financial
reporting is becoming less effective compared to the usage of electronic financial
disclosure. Almilia (2009) stated that electronic-based reporting removes the restric-
tions of paper-based reports. As a result, traditional paper-based corporate reporting has
become less effective for decision makers. Similarly, Keliwon et al. (2018) differentiate
between electronic financial disclosure and the traditional reporting in terms of the
methods of reporting information. EFD considers all information that could boost the
performance of firms through the internet, including financial and non-financial
information, aside from the information contained in annual reports. While traditional
reporting concentrates only on the information in annual reports.
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Several studies have investigated the determinants and the level of electronic
financial disclosure (Al-Sartawi 2017; Ekramy 2017), however no study has used IT
governance as a determinant beforehand.

2.2 Information Technology Governance

Grais and Pellegrini (2006) claim that there is no particular recipe for the perfect
corporate governance plan. However, there are basic principles that constitute what is
considered as good corporate governance such as having defined duties and expecta-
tions for board members, disclosure and transparency requirements, welldefined
shareholder rights, and mechanisms to ensure compliance and hold board members
accountable. From this point of view, ITG is perceived as a significant issue faced by
firms because the board of directors is used as an internal governance mechanism that
reduces agency conflicts and costs.

Rau (2004) defines IT governance as the way senior management interacts and
communicates with IT leaders to ensure that technology investments enable the
achievement of business strategy in an effective and efficient manner. Likewise, Li
et al. (2007) describe IT governance as leadership, organizational structures, and
control processes which ensure that the IT of the firms is able support and expand the
company and achieve its objectives. Nolan and McFarlan (2005) regard ITG as “a vital
asset that requires intense board-security and assistance”. Therefore, as ITG increases
the firms’ responsiveness to stakeholders, it can be applied to electronic financial
disclosure.

Moreover, along with Nolan and McFarlan (2005), recommends that an ITG group
of expert independent directors need to be appointed to the board, as in the case with
the audit committee, due to economic and regulatory matters related to the Sarbanes-
Oxley compliance and corporate governance. Thus, these directors are required to be
experts in IT, and understand the dynamic potential of information technology in
changing the business environment. This notion is supported by the resource depen-
dence theory, which states the importance of the board of directors as resources for the
firm to reach external resources (Ribeiro and Colauto 2016). Despite this need for an IT
expert on the board, Valentine and Stewart (2013) found that board level willingness to
reduce the gap between awareness and action is very low or non-existent. On the other
hand, in the case of the UAE, Nicho and Khan (2017) found that the objectivity of ITG
is well-defined and emphasized.

Additionally, Damianides (2005) found a positive relationship between ITG and the
reliability and the level of financial disclosure. The need for upto-date, frequent and
accurate information, therefore places IT security at the core of executives’ and
directors’ concerns. Accordingly, this study hypothesizes that there is a relationship
between Information Technology governance and the level of electronic financial
disclosure.
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3 Methodology

In order to address the research questions, mainly the relationship between ITG and the
level of EFD in the UAE, the current study collected data from all the 103 firms listed
in the financial stock markets of the UAE for the period 2016–2017. Consequently, the
study measures the level of ITG in UAE firms by determining the percentage of the
members of the board of directors who have an IT background or experience. Addi-
tionally, the study adopted a checklist used by Al-Sartawi (2016) to measure the level
of EFD. So, if a firm disclosed any financial information by using any electronic
platform it received a score of 1, and 0 if otherwise.

To test the hypothesis, the following regression model was developed using EFD as a
dependent variable, and ITG as an independent variable. Additionally, the study used the
board of directors’ size, firm age, firm size and financial leverage as control variables.

Study Model:

EFDi ¼ b0 þ b1ITGi þ b2BD sizei þ b3LF sizei þ b4LVGi þ b5AGEi þ ei

Code Variable Name Operationalization

Dependent variable 

EFD Electronic financial 
disclosure 

This is a binary Wherein 1 means that the company 
discloses financial data and 0 otherwise

Independent Variables – Board compensation:

ITG
Directors with IT 
background and experience 
%

The percentage of members who have IT 
background and experience to the total board size

Control Variables:

BD_size Board size Natural logarithm of Total Assets
F_size Firm size Natural logarithm of Total Assets
LVG Leverage Total liabilities/ Total Assets

AGE Firm Age The difference between the establishing date of the 
firm and the report date

εi Error 

4 Data Analysis

4.1 Descriptive Statistics

Table 1 reports the descriptive analysis of the independent, dependent and control
variables. The maximum level of information technology governance (ITG) was 57%
by UAE firms while the minimum was 0% with a mean of 6.2% indicating a low level
of ITG. This result is in line with Valentine and Stewart (2013) who state that there is a
gap between ITG need and reality. With regards to the level of EFD, UAE achieved a
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maximum level of 100%, with an overall mean of 78.3%., which is considered as a
moderate level of EFD by UAE firms considering the high level of internet usage in the
country.

Additionally, the descriptive statistics for control variables show that the mean of
firm size, i.e. Total Assets, was 72,425.99, with a minimum of 32.27 and a maximum
3,412,461.54, which indicates fairly large firms. The normality distributions of the total
assets were skewed, so natural logarithm was used in the regression analysis to reduce
the skewness and bring the distribution of the variables nearer to normality. Moreover,
the mean leverage of the firms was approximately 35% showing firms with somewhat
medium debts. The average size of the UAE boards is 8 members, while, firm age
ranges from 2 to 50 with a mean of 26.56.

4.2 Validity

Table 2 summarizes the Pearson’s correlation matrix. This will support the study in
testing the statistical relationship between the independent and the dependent variables,
and whether multicollinearity exists among the data before assessing the model.

Table 1. Descriptive statistics for continues variables

Variables N Minimum Maximum Mean Std. Deviation

ITG 206 .00 .57 .0620 .11494
Assets 206 32.27 3412461.5 72425.9 3.15257E5
Lev 206 −.44 .98 .3510 .31587
AGE 206 1 49 25.56 14.094
EFD 206 .05 1.00 .7833 .16762
BS 206 5 12 7.59 1.284

Table 2. Pearson correlation matrix

ITG Assets Lev AGE EFD BS

ITG 1
Asset s −.068 1

.335
Lev .004 −.045 1

.958 .522
AGE .116 −.069 −.049 1

.096 .326 .482
EFD .131 .063 −.061 .146b 1

.060 .371 .384 .036
BS −.066 −.115 .303a .099 −.007 1

.346 .100 .000 .158 .922
aCorrelation is significant at the 0.01 level (2-tailed).
bCorrelation is significant at the 0.05 level (2-tailed).
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Table 2 shows that leverage and board size had the highest correlation (0.303). This
correlation is significant; correlation coefficients should not be considered damaging
until they exceed 0.80.

A Variance Inflation Factor (VIF) test was used to check the data for multi-
collinearity. This test was used as according to James et al. (2017), VIF calculates the
severity of multicollinearity and measures how much the variance of an estimated
regression coefficient is affected by collinearity. The VIF should be lower than 10 and
the tolerance test should not be below 0.2. The VIF scores for all variables, both
independent and dependent, are reported in Table 3. The results indicate that no VIF
score exceeded 10 for any variable in the model, and no tolerance score was below 0.2.
So, it was concluded that there is no threat of multicollinearity. The table also reports
the normality test, where the skewness test and the kurtosis test suggest that all the
predictive variables are normally distributed except for size which was doctored using
natural logarithm.

Furthermore, to detect the presence of autocorrelation at lag 1 in the prediction
errors or residuals from the regression analysis, the Durbin Watson test was used as
reported in Table 4. The Durbin Watson (D-W) value of the model was (1.9). Thus, we
can further conclude that there is no autocorrelation founded in the model because the
(DW) value was approximately 2.

4.3 Regression Results

Table 5 reports the findings of the regression analysis. The findings indicate that the
model was reflecting the relationship between the variables in a statistically appropriate
way. According to the table, the model has an adjusted R2 of 0.38 which shows that the
model explains approximately 38% of the variation in the EFD amongst the UAE listed
firms. However, the probability of the F-statistic with a significance 1.71 means that the
ITG was not significant in interpreting the EFD level.

Table 4. Autocorrelation test

Model R R 2 Adj. R2 Std. Error Durbin-Watson

1 .194 .038 .014 .1665 1.9

Table 3. Collinearity statistics test

Model Tolerance VIF Kurtosis Skewness

ITG .978 1.023 3.840 2.039
Assets .967 1.034 75.132 8.149
Lev .881 1.135 −.931 .235
AGE .962 1.040 −1.514 −.076
BS .888 1.126 3.053 1.442
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The main hypothesis of the study states that there is a relationship between ITG and
EFD by firms listed in the UAE markets. The result indicates that there is a significant
and positive relationship between the dependent and independent variables, i.e., the
higher the level of ITG on the board, the higher the level of disclosure. This could be
due to the existence of IT experts on the board, which brings to light the importance of
technology in disseminating financial information to interested parties, as they
understand the dynamic potential of IT on the business environment. This result is
comparable to the study by Li et al. (2012). Moreover, since the UAE invests highly in
technology, this offers a potentially beneficial effect on corporate governance by pro-
viding a rich environment for cultivating disclosure.

With regards to the control variables (covariates), the study found a significant and
positive relationship between the level of EFD and age. One reason for this could be
that younger firms might be more hesitant to disclose certain information such as
research expenditure and capital expenditure to the competition (Owusu-Ansah 1998).
On the other hand, there was a negative yet insignificant relationship with leverage.
This could be because firms with higher leverage tend to be more conservative and try
not to disclose to stakeholders that they are indebted. Finally, the results show no
relationship between firm size, board size and the level of electronic financial
disclosure.

5 Summary and Conclusions

This study aimed to address several research questions: (1) the extent of ITG in the
UAE listed firms, (2) the level of EFD by UAE listed firms and (3) the association
between the two variables. To answer the research questions the researchers collected
data from a sample of 103 firms listed in the financial stock markets of the UAE for the
years 2016–2017.

The study reported an overall level of EFD in the UAE at 78.3% which is a
somewhat moderate level compared to the percentage of users of Internet in the UAE,
which is 85%. Secondly, with regards to ITG, the overall level of its implementation is
6.2% which is very low. The researchers tested the relationship between the dependent

Table 5. Regression analysis

Variables Beta T. test Sig.

ITG .117 1.666 .097*

Assets .006 .087 .931
Lev −.058 −.779 .437
AGE .130 1.837 .068
BS .005 .071 .944
R2 .308
F 1.567
Prob. (F) 1.71
*pv < 1%; ** pv < 5%; ***pv < 10%.

456 A. M. A. M. Al-Sartawi et al.



and independent variables, and found a positive and significant relationship between
ITG and EFD. As for the control variables, the analysis reported a positive and sig-
nificant relationship with age. While there was an insignificant and negative relation-
ship with leverage, and no relationship with firm size and board size.

From a practical perspective, this paper is aimed at the board of directors and
executive managers, as IT governance is their responsibility. As the level of ITG in the
UAE firms is very low, this paper advises the board of directors to pay more attention
to the percentage of independent members who are IT experts and understand the
various technological advancements and how they can be utilized by the firm. These
results can be used by the GCC countries as they share similar social, political and
economic environments to the UAE. Furthermore, from a theoretical perspective, this
paper offers a unique point of view which adds to the literature review discussing IT
governance mechanisms, and EFD. The study would also be of interest to the inter-
national investment community, regulators, policy makers and governments in the
UAE, the Middle East as well as the other GCC countries. This paper suggests having a
study that further investigates the relationship between ITG and performance. Future
studies could also test the relationship between ITG and social media disclosure which
is a step beyond EFD, as social media is a two-way communication tool, unlike EFD
which is a one-way communication tool.
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Abstract. Health organizations worldwide express a considerable attention to
utilize Mobile technology applications to provide a better health services to their
people. One of the most emerging apps in this regard is Mobile health (M-
health). Large amount of efforts, money, and time have been invested to provide
such innovative technology. Yet, the adoption rate of these systems is still low.
Additionally, such system has never been examined over the Jordanian context.
Thus, this study aims to test the most important factors that could shape the
intention of Jordanian people to use Mhealth. Four factors: perceived usefulness,
social influence, awareness, and innovativeness were proposed as key predictor
of behavioural intention. Data was collected using convenience sample size of
365 and was analyzed using structural equation modelling. The main statistical
findings supported the role of perceived usefulness, social influence, and
innovativeness. More discussion will also be provided regarding the current
study practical and theoretical implications.

Keywords: M-heath � Jordan � Adoption

1 Introduction

Mobile technology has been growing dramatically over the recent years either in terms
of number of users or the range of applications and technical products and services
provided (i.e. Mobile learning, Mobile commerce, Mobile banking, and Mobile
healthcare) (Shareef et al. 2018). For instance, the number of mobile subscribers
worldwide reached 4.77 billion in 2017 as stated by Statista (2018a). This represents a
lot of opportunities for organizations from different sectors (i.e. government, education,
banking, healthcare) to utilize such vehicles to deliver their services in an advanced and
innovative way to their customers (Shareef et al. 2016, 2018). In this regard, about 3.8
million apps that are presented in Android and about 2 million for Apple’s App store
(Statista 2018b).

Such applications have also been the focus of attention of health organizations to
serve their patients and provide their services and information in an effective and
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modern channel saving the time and efforts of both health organizations and recipients
of health services (Shareef et al. 2012). Indeed, one of the man reasons that enhance the
current prosperity of mobile usage and acceptance is the huge interest to invest in
mobile technology by health and medical organizations (Statista 2018c). In this
instance, according to the same report of Statista (2018c), the market size of Mhealth
was about 21 billion dollars and this number is projected to increase to 60 billion
dollars by (2020).

This prevalence of M-health could be returned firstly to the ability of such system
to enhance the quality of medical services provided; having more interactive com-
municative channel with recipients of health services; cutting cost; hindering the impact
of time and place restrictions (Shareef et al. 2016; Schnall et al. 2016). Additionally,
people increasingly have more health conscious and therefore, are more interested in
adopting M-health applications (Atallah et al. 2018; Brown III et al. 2013). Concep-
tually, M-health could be defined as a novel and new system empowered by using
smart phones, personal digital assistants (PDAs), and any other mobile technology to
attain a wide range of healthcare and preventive health services (Singh et al. 2017).

In Jordan, there is a recent interest in utilizing mobile facilities to provide and
secure adequate level of healthcare services especially for residents of remote areas. For
instance, a new project with cost of $1 million introduced by the Health Ministry of
Jordan to serve about 10,000 people in the southern region is a “quantum leap (Jordan
Times 2015). However, permanent challenge for any new system like M-health is to
convince people about the benefits of such system and accordingly motivate them to
adopt it (Alalwan et al. 2016; Lee and Han 2015). Therefore, there is a need to discover
and examine the main aspects that could shape the Jordanian people intention toward
M-health care applications. Nevertheless, as a new and very novel technology in
Jordan, the related issues of mobile health have not yet received attention from
researchers in Jordan. Accordingly, this study aims to identify and examines the main
factors that could predict the Jordanian intention to adopt Mhealthcare.

2 Theoretical Foundation

As discussed above, the adoption of M-health is the corner stone of the success of
implementing such systems. Thus, a good number of studies that have recently
attempts to explore and examine the main factors predicting the customers’ intention
and adoption (i.e. Dwivedi et al. 2016; Hoque and Sorwar 2017; Lee and Han 2015).
Such of that Lee and Han (2015) identified four factors: usefulness, monetary value,
convenience value, illness experience as key determinants of Intention to adopt
Mhealth. Their statistical results largely supported the impact of usefulness, conve-
nience value, and monetary value while illness experience did not have any impact in
this regard. Extending the Unified Theory of Acceptance and Use of Technology
(UTAUT2) was also formulated Dwivedi et al. (2016) to predict the adoption of M-
health. According to Dwivedi et al. (2016), excluding hedonic motivation, the rest
factors of UTAUT2 (performance expectancy, effort expectancy, facilitating condi-
tions, social influence, price value) have a direct influence on intention to adopt M-
health. Likewise, Hoque and Sorwar (2017) propose their model base on UTAUT and
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technology anxiety and resistance to change. Their empirical findings supported the
effect of effort expectancy, performance expectancy, social influence, technology
anxiety, and resistance to change on the customers’ intention to adopt M-health. Per-
ceived value, perceived behavioural control, perceived physical condition, subjective
norm, technology anxiety, and self-actualization need were tested by Deng et al.
(2014). Deng et al. (2014) also considered the moderation impact of age on the rela-
tionship between these predictors and intention to adopt M-health.

Their practical results found out that the impact of these factors significantly dif-
ferent form older to middle-aged. Differently, Zhang et al. (2017) provided statistical
evidences regarding the main obstacles (health habit, sunk cost, transition cost, and
privacy concerns) that hinder the customer’s willingness to adopt M-health. Even
though, there is an international interest in testing the adoption of M-heath, in Jordan,
there is not any study that has tested such issues. This, in turn, motivates this study to
consider the Jordanian health sector as well as to identify the main factors that could
shape the Jordanian individual intention to adopt M-health applications.

3 Conceptual Model and Research Hypotheses

As noticed in the previous studies, there are a number of factors such as performance
expectancy, usefulness, and social influence. The importance of these factors have been
repeated in different studies (Alalwan et al. 2017; Dwivedi et al. 2016, 2017a, b; Hoque
and Sorwar 2017; Lee and Han 2015). Therefore, these factors namely: perceived
usefulness and social influence were considered in the current study model. However,
over the mobile technology literature, innovativeness and awareness have been largely
validated as key predictors of customers intention to adopt Mobile technology (i.e.
Kapoor et al. 2015; Lu et al. 2005; Slade et al. 2015; Lee and Son 2017; Velmurugan
and Velmurugan 2014). Therefore, both innovativeness and awareness were considered
in the current study model. It was also supposed that perceived usefulness could be
predicted by both innovativeness and awareness. The proposed conceptual model and
research hypothesises are presented below (Fig. 1):

H1: Perceived usefulness will positively influence people intention to adopt
Mhealth in Jordan.
H2: Social influence will positively influence Jordanian people intention to adopt
M-health.
H3: Innovativeness will positively influence Jordanian people intention to adopt
Mhealth.
H4: Innovativeness will positively influence perceived usefulness of M-health.
H5: Awareness will positively influence Jordanian people intention to adopt
Mhealth.
H6: Awareness will positively influence perceived usefulness of M-health.
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4 Research Methodology

A questionnaire survey was conducted to collect the required data from a convenience
sample size of 600 Jordanian people. Those respondents were approached in several
places at hospitals and medical centers in Jordan. Researchers firstly provided those
respondents with a brief about the concept of M-health and their features and benefits.
Then, the questionnaire was left with respondents to be completed. The main scale
items of usefulness and behavioral intention was tested from scale proposed by Davis
et al. (1989). Social influence was tested using measure items from Venkatesh et al.
(2012). A scale used by Aldás-Manzano et al. (2009) was considered to test Innova-
tiveness while Rogers (2003) scale was adopted to examine awareness. Seven point
Likert scale was employed to test these items. The questionnaire was converted to
Arabic using back translation method suggested by Brislin (1976). A pilot study was
also applied to for more sureness regarding factors reliability and validity. The results
in this regard largely support all factors validity as well as Cronbach’s alpha not less
than 0.70 was recorded for all factors (Nunnally 1978).

Fig. 1. Conceptual model Adapted from Dwivedi et al. (2016), Lee and Son (2017),
Velmurugan and Velmurugan (2014)
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5 Results

5.1 Response Rate

Out of 600 questionnaires allocated, 365 that are returned and found to be valid for
further analyses. The vast majority of respondents (41.6%) were noticed to be within
age group of 25 to 35. About 52.6% of the current study participants were female
where about 47.4% are male. Regarding the educational level, more than 70% of
respondents hold a bachelor degree or above and have income level between 400 JOD
and 800 JOD. Descriptive statistics also indicted that more than 93.2% have been using
smart phones for more than 3 years.

5.2 Structural Equation Modeling Analyses (SEM)

Two stage method of SEM was applied using AMOS 21.0. Five factors (BI, USF, AW,
SI, and INN) with their items are targeted in the first stage of SEM: measurement
model. The revised version of the measurement model was noticed to be adequately fit
the observed data as all fit indices were noticed within their acceptable level as follow:
CMIN/DF was 2.874, GFI = 0.921, AGFI = 0.886, NFI = 0.932, CFI = 0.958 and
RMSEA = 0.055 (Hair et al. 2010; Byrne 2010). Both average variance extracted
(AVE) and composite reliability (CR) were also examined and their results as presented
in Table 1 existing withier their cut-off value (higher than 0.70 for CR and 0.60 for
AVE). As seen in Table 1, the squared root of AVE for each construct was larger than
the corresponding inter-constructs-correlation estimates, which in turn, supports the
discriminant validity of the current study constructs.

At the second stage of SEM, structural model was tested with six causal paths that
are presented in the current study model. The fit indices of structural model were
approved to have acceptable values as such CMIN/DF was 2.954, GFI = 0.913,
AGFI = 0.854, NFI = 0.921, CFI = 0.95 and RMSEA = 0.058 (Hair et al. 2010;
Byrne 2010). About 45% of variance was accounted in the behavioural intention to use
Mobile health care applications and about 32% of variance in perceived usefulness
(Table 2).

According the path coefficient analyses, innovativeness (c = 0.39, p < 0.000) was
the most powerful factor affecting Jordanian customer’s intention to adopt Mobile
healthcare applications followed by perceived usefulness (c = 0.22, p < 0.000); and

Table 1. Constructs reliability and validity

CR AVE SI USF INN AW BI
SI 0.885 0.722 0.850
USF 0.874 0.637 0.299 0.798
INN 0.910 0.773 0.350 0.249 0.879
AW 0.901 0.696 0.498 0.280 0.685 0.834
BI 0.891 0.673 0.357 0.353 0.492 0.402 0.821
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then social influence (c = 0.13, p < 0.002). Yet, awareness does not reflect any vari-
ance in the behavioural intention (c = 0.03, p < 0.966). Further, USF was found to be
significantly predicted by the role of both innovativeness (c = 0.15 p < 0.029); and
awareness (c = 0.16 < 0.20).

6 Discussion

As proposed in the current study introduction, this study attempts to provide further
understanding regarding the main factors that could shape the Jordanian people per-
ception and intention toward M-health. Thus, an empirical study was necessarily to be
conducted. The main statistical results yielded largely supported the predictive validity
of the current study model due to the fact that about 45% and 32% of variance was
accounted in behavioural intention and perceived usefulness. This, in turn, supports the
theoretical foundation proposed in the current study.

Statistical results also supported the impacting role of innovativeness in con-
tributing both perceived usefulness and behavioural intention. This means that those
respondents who have a high degree of innovativeness are more likely to positively
value the benefits and utilities of M-health as well as they are more likely to be
motivated to adopt such system soon. This could be attributed to the fact that Mhealth
as any other mobile technologies is more novel and pioneer system, and accordingly, it
is a manifestation of modern life. Different Mobile technology studies that have
addressed the role of innovativeness such as Lu et al. (2005), Slade et al. (2015), Lee
and Son (2017).

Perceived usefulness was the second strongest factor enhancing the behavioural
intention to adopt M-health. As long as individuals perceived using M-health more
efficient and productive than traditional way of attaining health services, they will be
more motivated to adopt such services. In fact, Mobile technology and all related
applications enjoy with high degree of Mobility, which in turns, empower individuals
to access a wide range of services without time and place restrictions. As well as,
Mhealth helps patients particularly to reduce waiting time of medical services and
accordingly saving their time and efforts as well. Such results related to perceived
usefulness are in the line with these studies that have supported the related area of
Mhealth applications (i.e. Rana et al. 2017; Lee and Han 2015; Dwivedi et al. 2016).
Statistical results have proved the role of social influence in predicting behavioral

Table 2. Results of standardized estimates of structural model

Hypothesized path Estimate S.E. C.R. P

H1 BI <— USF 0.22 .072 3.843 ***
H2 BI <— SI 0.13 .042 3.129 .002
H3 BI <— INN 0.39 .050 5.966 ***
H4 USF <— INN 0.15 .042 2.187 .029
H5 USF <— AW 0.16 .042 2.325 .020
H6 BI <— AW 0.03 .050 .042 .966
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intention to adopt M-health. This means that people are more affected by the opinion
and suggestions coming from their social system. Such results could be attributed to the
fact that social system in Jordan positively look at the mobile applications overall and
people would like to share and generalize their positive experience with such appli-
cations with their friends, colleagues, and relatives. From the other hand, Mhealth is
very new and novel technology. Accordingly, individuals who do not have adequate
experience and information to cope with such novel and new systems are more likely to
be influenced by opinions and information coming from people surrounding them
(Venkatesh et al. 2012). Such results are compatible to other studies that have assured
the role of social influence (i.e. Dwivedi et al. 2016; Hoque and Sorwar 2017).

Finally, even though there was not any effect for awareness on the behavioural
intention, awareness is still very important factor in the current study model by it
impact on the perceived usefulness. People who fully aware the main features of
Mhealth and its associated benefits are more likely to perceive using such system as
more productive and saving their time and efforts. This could be returned to increase
health awareness and the importance of health technology among people in Jordan and
worldwide. There is good number of studies (i.e. Kapoor et al. 2013; Vishwanath and
Goldhaber 2003; Ajili et al. 2012; Alsheikh and Bojei 2014) that have supported the
role of awareness in shaping the people perception toward new systems.

6.1 Theoretical and Practical Implications

Even though there is a growing interest in studying the related issues of M-health
applications, this area still require further examination and explanation. Therefore, this
study represents a good theoretical contribution by focusing more on the main aspects
of M-health. In details, this study was successfully able to propose a solid theoretical
model comprising a group of the most important factors (i.e. perceived usefulness and
social influence). As well as, innovativeness and awareness have not been considered
by prior M-health studies. Therefore, this study introduces another considerable con-
tribution by expanding the current understanding regarding these factors. Further, the
data was collected from 365 respondents and are analysed using SEM. By doing so,
this study was successfully able to provide solid statistical evidence regarding the main
factors predicting behavioural intention to adopt Mhealth. There are a few studies that
have tested the adoption of M-health in developing countries. This is in addition to the
fact that there is no study that has tested such technology in Jordan yet. Accordingly,
This study represents a real contribution by expanding the current awareness and
understanding regarding this phenomena in Jordan and developing countries as well.

From practical perspectives, a number of issues related to the current study findings
have to be the focus of attention of M-heath service providers. Firstly, the significant
role of usefulness should be taken into account. For instance, health organizations have
to convince their target market about the benefits and utilities comprised in using M-
heath such as less waiting time, less efforts, more convenience of time and location than
traditional tools to attain the medical services. Organizations have also focus more in
the novelty and newness of M-health along with the fact that using M-heath is a part of
current modern life. This, in turn, will largely enhance the level of innovativeness
existing in using M-health.
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7 Limitations and Future Research Directions

There is a number of limitations that have to be addressed in the current study. Such as,
convenience sampling was used in comparison with probability sampling method.
This, in turn, reflects on the generalizability of the current study results. Further, this
study only considers the behavioural intention while the actual use of M-health was nt
tested. Thus, future studies could provide more accurate view about this area by
considering the actual use behaviour. This study does not take into account the impact
of resources and facilities required to use M-health, which in turn, represents an
important of direction should be tested by future studies. The moderation effect of age
and gender was not tested in the current study. Accordingly, these aspects have been
the focus of attention of future studies. Finally, this study was conducted in Jordan, and
accordingly, testing the related issues of M-health in different developing and devel-
oped countries could provide further understanding in this respect.
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Abstract. Going beyond traditional ‘adoption’, this study examines the
determinants of the ‘use’ of radio frequency identification (RFID) technology
and identifies the perceived benefits of such use. From extant literature, we
developed a research model from organizational setting (i.e., hospitals), which
we validated using survey data from 142 healthcare organizations. The collected
data were analyzed by partial-least-squares (PLS) methods. The results show
that a hospital’s RFID use is influenced by the following technological
organizational-environmental (TOE) factors: information privacy (technology),
absorptive capacity and resource readiness (organization), and coercive pres-
sure (environment). RFID use, in turn, impacts both economic and operational
benefits. Additionally, size of hospital found to be an important control variable
to RFID use. Therefore we further investigated the combined effect of hospital
size and RFID use on perceived benefits (i.e., the moderation effect). The results
showed that hospital size has moderating effect on the relationship between
RFID use and economic benefits, but not between RFID use and operational
benefits. The implications, particularly from the perspective of a healthcare
setting, have been discussed.

Keywords: RFID � Adoption � Use � Hospital � TOE framework
Empirical

1 Introduction

In the field of information systems (IS), in order to examine the success (or failure) of
an innovation, behavioral studies have traditionally and predominantly focused on the
adoption perspective – by examining the process by which an innovation is accepted
[1]. Nevertheless, some studies also examined the ‘continuance’ behavior in individual
setting [2], which is slightly different in organizational setting where adoption is fol-
lowed by routinization and extension [3]. The common aspect of both types of studies
is they rely on ‘intention’ of users – both to adopt and continue the use of an inno-
vation. However, scholars argue that ‘intention’ does not necessarily always confirm
the actual success of a technology. They suggest to ascertain actual usage criteria
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believing ‘usage’ “as a surrogate measure for information systems success” [4, p. 144].
Also, Shih and Venkatesh [5] acknowledged that studying ‘adoption’ is important but
we should investigate more on the ‘use’ behavior. They further suggested that, in order
to claim the success (or failure) of an innovation, the relevant outcomes should be
studied. Therefore, this research aims to examine the determinants of RFID use and the
perceived benefits of such use.

Though RFID technology has been invented in 1940s, its industrial and commercial
application was not discernible before the mandates imposed by Wal*Mart and the
Department of Defense (DoD), USA to their suppliers in late 90 s. Since then, the
application and use of RFID continues to grow. According to Mark Roberti, the Editor
of RFID Journal, “companies will have no choice but to use RFID, just as they have no
choice but to use the Internet today” [6, p. 16]. His prediction comes true as RFID
technology now has been used in almost every industry including retail, manufacturing,
service, and agriculture [7]. In the service industry itself, RFID has been used in
libraries, museums, and hospitals [7].

A basic RFID system consists of three components: (a) each tag is comprised of a
microchip and an antenna, (b) reader communicates with tags, and (c) software/mid-
dleware transfers data. The tags, which can be attached to virtually anything, receive
signal with their antennas and ‘backscatter’ their stored data to the reader via low-
power radio frequencies [8]. The reader decodes received data and transfers it to
database(s) through middleware. RFID can identify an object uniquely and can store
large amount of data (*30 times more than a traditional barcode) [8]. In fact, RFID is
the only technology that permits simultaneous scanning. Hence, RFID has tremendous
potential in hospitals because of its ability to identify the patients as well as medical
devices uniquely and efficiently with no human interventions (e.g., as manual scanning
is required with barcode technology) [8]. In recent times, many hospitals and healthcare
facilities use RFID tags on patient wristbands (e.g., newborn infants) and valuable
assets to provide accurate identification. Also RFID readers install at doors and other
appropriate locations determine patients’ and assets’ locations. This mechanism addi-
tionally restricts unauthorized access to designated areas [9].

Looking at the literature related to RFID adoption-diffusion in hospitals, few
attempts can be reported. For example, along with the literature review [7], Cao et al.
[10] conducted a case study explaining adoption of RFID in hospitals. Similarly, Chen
et al. [2] identified the key drivers for continued use of RFID in emergency rooms.
However, a convincing growth is yet to observe in terms of RFID use in hospitals [11],
although RFID is believed to provide the highest possible safety to a patient, and where
hospitals can save enormously by increasing efficiencies in patient care as well as
managing assets [12]. It is imperative that RFID should be seriously considered by
related authorities. One potential solution is to develop confidence to the decision-
makers with providing empirical evidence and successful cases from already-adopters.
Our study examines the elements that may lead to RFID use in hospitals, it also
incorporates the perceived benefits; and thus we reveal the perceptions of the actual
players who already use RFID. Thus, this study offers implications to decision-makers
to understand important factors and thereby to take informed decisions.
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2 The Research Model

2.1 The Determinants of RFID Use in Hospitals

In order to examine the determinants of RFID use in hospitals, the technology
organization-environment (TOE) framework, proposed by Tornatzky and Fleischer
[13], has been considered as the theoretical underpinning. TOE is one of the popular
theoretical frameworks used to study the organizational behavior towards accepting a
technological innovation. TOE posits that the acceptance decision of a technology is
dependent on technological, organizational, and environmental characteristics. Since its
inception TOE has been tested in various domains and received a lot of empirical
support; RFID field is no exception [e.g., 2, 10]. However, although a few attempts
have been observed to identify TOE variables and to develop a conceptual/research
model [2, 10], as far the authors’ knowledge, no empirical work has been reported that
validated a TOE model in hospitals’ setting. Moreover, little is known if TOE
framework holds right when is extended beyond the ‘acceptance’ phenomenon (i.e., to
study ‘use’). Based on the extant literature on RFID, we draw upon this framework to
understand the use of RFID and the relevant benefits in an organizational setting.

Technological Dimensions. Tornatzky and Fleischer [13] evidenced that relative
advantage (e.g., perceived usefulness), complexity, and compatibility are the main
technological factors that impact technology implementation; their role has been well
studied in RFID-literature [e.g., 14]. In addition, in the context of RFID use in hos-
pitals, information privacy of the customers and information accuracy are critical [7]
and therefore have been considered as the technological variables in our model.

Information Privacy. In healthcare setting, informational privacy is the right of a
patient to control “over the collection, use, disclosure and retention of his or her
personal information, including his or her personal health information” [15, p. 7]. In
this definition the critical aspect is personal health information, which the Personal
Health Information Protection Act (PHIPA) defines as identifying information about an
individual that, among other things, relates to the physical or mental health of the
individual, identifies a provider of health care to the individual, or identifies the sub-
stitute decision-maker of the individual [17]. Under PHIPA compliance, health service
custodians (e.g., hospitals, health-care practitioners, pharmacies) are allowed to collect,
use and disclose personal health information only with the consent of the individual to
whom the personal health information relates. They are also required to comply with
the wishes of an individual who withholds or withdraws consent, or who gives express
instructions that the information must not be used or disclosed elsewhere [15].

RFID systems introduce a key ethical concern regarding information privacy
because of its strength (e.g., unique identification of the objects, tracking and tracing of
the movements of objects, etc.). It is understood that patients’ confidentiality is
extremely important and highly challenging in healthcare industry than in other
industries (e.g., retail). In healthcare facilities, when an RFID tag is associated with a
patient, a unique number is assigned to the patient. The number can associate with any
type of personal information, such as patient name, gender, address, medical history,
drug therapy program, and more. In our context, privacy concerns can include
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inappropriate collection, intentional misuse, or unauthorized disclosure of healthcare
information resulting from RFID use. The higher provision of protecting patients’
personal health information generated from an RFID system, the higher will be its use
[7, 10]. Therefore:

H1: Information privacy is positively associated with RFID use in hospitals.

Data Accuracy. Accuracy of data generated by RFID systems is critical for hospitals
and patients. However, RFID systems are not always reliable. The accuracy of RFID
data is dependent on several factors including tagged object, tag placement, angle of
rotation, read distance, and if the transmission is affected by electromagnetic waves
generated by other systems. Besides, presence of local magnetic interference, metal
objects, or liquid containing items can also affect read accuracy and thus data accuracy
[7]. As RFID signals can be affected by interference of the other devices using low-
frequencies and transmit signals, data may create ‘noise’ and produce dirty data [17]. In
a hospital, RFID systems need to be able to locate the assets (e.g., patients, doctors,
medical equipment) accurately [18]. Based on common organizational behavior, higher
the possibility of reliable and accurate data generated by RFID systems, there will be
higher use of RFID in hospitals [7]. Therefore:

H2: Accuracy of information obtained from RFID systems is positively associated with RFID
use in hospitals.

Organizational Dimensions. Organizational factors explain why some organizations
perform better than others, in terms of adopting and using a technology. TOE suggests
that organizational characteristics are extremely relevant and must be considered in any
organizational innovation research [13]. In the context of hospitals, absorptive capacity
and resource readiness are critical [10].

Absorptive Capacity. Absorptive capacity can be defined as “a set of organizational
routines and strategic processes by which firms acquire, assimilate, transform, and
exploit knowledge for purpose of value creation” [19, p. 198]. IS studies, dealing with
organizational adoption and use of technology- and knowledge-based innovation,
consider absorptive capacity as an important organizational characteristic [e.g., 20].
RFID studies too understand that, both the knowledge that an organization hold and
obtain from different sources help them to develop managerial absorptive capacity. To
be successful, acquired knowledge needs to be applied to perform operational tasks.
Generally it is accepted that the higher the capability of a hospital to assimilate and
exploit RFID knowledge, the higher will be the use of RFID. Hence:

H3: Absorptive capacity of the management of a hospital is positively associated with RFID use
in hospitals.

Resource Readiness. A complex and expensive technological innovation like RFID
needs strong resource-base. Social cognitive theory emphasize “…People will not
adopt innovations even though they are favorable disposed toward them if they lack the
money, the skills, or the resources that may be needed. The more resources innovations
require, the lower their adoptability” [21, p. 290]. RFID adoption and use comes with
the availability of financial and human resources of an organization [3].
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Financial resource is required to pay the associated costs including implementation,
integration, and on-going costs. And, availability of technical resources, such as tech-
nical know-how and expertise, are critical for RFID use because RFID projects require
technical expertise to address the implementation and maintenance challenges and to
customize the software according to the business processes [3]. Currently, lack of skilled
RFID professionals is a major challenge; around 80% of the companies do not have
access to skilled RFID workers [22]. It is more likely that a hospital with sufficient
resource readiness will be more in a position to use RFID than the others [23]. Thus:

H4: Resource readiness is positively associated with RFID use in hospitals.

Environmental Dimensions. Organizations do not operate in isolation; they do need
to comply with the rules and regulations from external environment (e.g., industry
standards) while fighting against competitors [13]. Recalling the impact of Wal*Mart
and DoD, in general, environmental factors have been recognized as important drivers
for the organizational adoption of RFID. In the context of RFID technology in
healthcare industry, the environmental factors are coercive pressure to compliance with
legislations and environmental uncertainty [3].

Coercive Pressure. Unlike retail supply chain where Wal*Mart and other retailers are
driving RFID deployment, there are no entities requiring health care providers to
implement RFID. However, the U.S. Food and Drug Administration (FDA) is planning
to mandate RFID technology for device and patient identification in hospitals [8]. Also,
FDA and the Healthcare Distribution Management Association (HDMA) issued an
‘endorsement’, however not a mandate, recommending tagging drugs at palletlevel (but
encouraging item-level tagging for the drugs that are small but expensive and therefore
are more likely to be counterfeited) [9, 23]. Thus the pressure to use RFID in healthcare
outlets is becoming more apparent than before. The pressure is also coming from
patients, insurance companies [24], and medical practitioners [8]. Altogether, the more
the pressure a hospital experiences from the external entities, the more will be RFID
use. Therefore, we postulate:

H5: Coercive pressure is positively associated with RFID use in hospitals.

Environmental Uncertainty. In an RFID-based business-environment, external uncer-
tainty is related to the inability to predict the demand of RFID data should customers’
need and preference are changed [25] and uncertainty of RFID standards [24]. Kimberly
and Evanisko [26] found that environmental uncertainty would influence the organi-
zational adoption of RFID in hospitals. Since RFID is still in its early stage of devel-
opment and acceptance by hospitals, there are large numbers of questions that are
unanswered with regard to its actual use. There are always unpleasant uncertainties
about the return-on-investment and the size of the market of RFID, and with regard to
the capabilities of the technology itself (see discussion on data accuracy). Also, to some
extent, the effect of RFID on inter-organizational relationships is uncertain [25]. The
cumulative impact of uncertainty is negatively associated with its use.

H6: Environmental uncertainty is negatively associated with RFID use in hospitals.
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2.2 The Benefits of RFID Use in Hospitals

Economic Benefits. RFID-based systems can help prevent valuable assets and
equipment from stealing [12]. It is estimated that, by implementing RFID, a 200-bed
hospital can save $600,000 annually while a 500-bed could save $1 million from less
shrinkage and improved staff productivity [17]. RFID systems increases hospitals’
efficiencies (discussed in the next section), which also save costs through efficiency
improvements [7] and improving inventory and asset tracking [24]. RFID reduces
insurance premium too [7]. Consequently, an RFID system has substantial economic
benefits to offer to a hospital. Therefore we propose:

H7: RFID use in hospitals is positively associated with higher economic benefits.

Operational Benefits. RFID systems increase patient care by quick retrieval of patient
information [7]. RFID supports staff with immediate and accurate access to patient
information, assisting quick and correct decisions. RFID systems also can identify
patient’s current location and traces back the prior locations and thus improve accuracy
of patient information, especially for infants and old. An advanced setting also
improves patient drug compliance (e.g., allergy) and alerts in case of errors (e.g., wrong
medication, excessive dosage, and incompatibility with the patient). Furthermore,
RFID-based asset management systems can find the required equipment with minimal
delay and can save lives [2]. Besides, security can be improved by RFID enabled
access control systems [1, 7]. Overall, RFID systems can improve operational effi-
ciency significantly. Hence, we suggest:

H8: RFID use in hospitals is associated with higher operational benefits.

3 Research Method

This research adopted quantitative method. An online survey collected responses from
mid-level and senior managers of hospitals from China where the hospitals have been
using RFID for some time. Overall, 166 respondents were returned but 14 were
unusable. Among them 62.3% are private and the rest are public hospitals. The
respondents are from various positions: director and above 16.8%, departmental
administrator/manager 21.6%, unit administrator/manager 32.7%, and the rest (28.9%)
are executives. In terms of number of employees, 27.5% have over 500 employees,
about 34.5% have between 100 and 500 employees, and the rest 38% have below 100
employees.

The constructs have been measured with items from prior literature. Specifically,
information privacy was adopted from [29] and data accuracy from [18, 30].
Absorptive capacity was measured with items used in [19]. The measures of resource
readiness, coercive pressure, and external uncertainty were adopted from [3]. RFID
use was adopted from [31], operational benefits were from [32], and economic benefits
from [30]. We considered the number of employees as a proxy of size of hospital [33].
Data were analyzed by partial least squares (PLS) methods [34].
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4 Results

4.1 Evaluating the Measurement Model

Following standard PLS procedure, the validity of the constructs was established by
examining their reliability, convergent validity, and discriminant validity. First,
internal consistency of each construct was calculated with composite reliability
(CR) value of >=0.7 [34]. Second, in order to evaluate convergent validity, outer
loadings of the indicators and average variance extracted (AVE) were calculated; all
items achieved the 0.7 threshold of loading (see Table 1) and the constructs with 0.5
AVE [34]. The values of CR and AVE are reported in Table 2. Third, discriminant
validity was assessed based on two methods: cross-loading matrix (not reported in the
paper because of the space constraint), and Fornell-Larcker criterion (see Table 2). The
collective evidence suggests that the constructs demonstrate good measurement
properties.

Table 1. The psychometric properties of the constructs

Items Loading Item Loading

IP1. No serious privacy problem 0.912 CP1. Agencies push for RFID 0.936
IP2. Can handle personal info securely 0.937 CP2. Becoming a requirement 0.948
IP3. No concern with privacy 0.821 CP3. Without RFID will lose

market
0.964

IP4. No threats to privacy 0.743 CP4. Difficult to run without
RFID

0.915

DA1. Enhances data accuracy 0.942 EU1. Technology keeps
changing

0.881

DA2. Enhances asset visibility 0.875 EU2. Not sure what data needed 0.933
DA3. Can capture most ‘things’ 0.934 EU3. Requirements vary 0.943
DA4. Locate equipment correctly 0.856 EB1. Loss prevention 0.930
AC1. Good at acquiring new
knowledge

0.846 EB2. Inventory spoilage 0.900

AC2. Recognize market demand
quickly

0.891 EB3. Quicken processes 0.921

AC3. Staff share (new) experience 0.882 OB1. Improves resource
utilization

0.962

AC4. Clearly know how activities
should be performed

0.716 OB2. Mainstreaming
administrative processes

0.980

RR1. Financial resource 0.864 OB3. Improves communication 0.971
RR2. Expert human 0.932 USE1. Number of times use/day 0.901
RR3. Technical resources 0.890 USE2. Number of applications 0.910

USE3. % of operations done by
RFID

0.894
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4.2 Testing the Structural Model and Moderating Effects

The results of the structural model are summarized in Table 3. It is observed that
among the eight hypotheses leading from the determinants, H1, H3, H4, and H6 were
supported. Then, both hypotheses related to use and benefits (i.e., H7, H8) are
accepted. The R2 (0.831) value of RFID use is ‘substantial’.

We also examined the effect of two control variables. It was found that size of hospital
had significant effect on RFID use (b = 0.110, t = 2.441, p = 0.015), which implies that
larger hospitals are more likely to be higher user of RFID. However, type of hospital
(private vs. public) did not have an impact (b = 0.003, t = 0.066, p = 0.947). Since the
size of hospital had an impact on RFID use, it is possible that hospital size also has an
impact on perceived benefits. Therefore, we tested the moderating effect of hospital size
on the relationship between RFID use and perceived benefits. The two stage moderation
tests showed that hospital sizemoderates the relationship between RFID use (b = 0.233,
t = 2.832, p = 0.005) and economic benefit, but not on the relationship betweenRFID use
and operation benefit (b = 0.058, t = 0.599, p = 0.550).

5 Discussion and Implications

5.1 Technological Variables

The findings of this study showed statistical evidence to support a positive relationship
between information privacy and RFID use in hospitals. Privacy, specifically to
information, is a critical component of civilization. Everyone has the right not to

Table 2. Construct reliability and discriminant validity tests

CR AVE IP DA AC RR CP EU EB OP USE

IP 0.946 0.815 0.903
DA 0.916 0.734 0.412 0.857
AC 0.903 0.700 0.278 0.517 0.837
RR 0.913 0.723 0.506 0.634 0.263 0.850
CP 0.969 0.886 0.283 0.653 0.498 0.621 0.941
EU 0.943 0.846 0.398 0.806 0.272 0.737 0.658 0.920
EB 0.940 0.840 0.549 0.756 0.518 0.546 0.525 0.578 0.917
OB 0.980 0.943 0.821 0.192 0.204 0.440 0.050 0.154 0.419 0.971
USE 0.936 0.785 0.417 0.592 0.691 0.619 0.821 0.514 0.612 0.317 0.886

Table 3. Hypotheses testing

b value t statistics p value b value t statistics p value

H1 0.093* 2.548 0.011 H5 0.541 6.319*** 0.000
H2 −0.87ns 0.708 0.480 H6 −0.120 1.067ns 0.287
H3 0.381*** 6.992 0.000 H7 0.762 9.422*** 0.000
H4 0.245* 2.593 0.010 H8 0.371 2.874** 0.004

Significance level *p < 0.05, **p < 0.01, ***p < 0.001; ns: not
significant
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disclose (and stop others to do so) his or her personal information. This right is more
critical in Asian societies where people do not feel comfortable to share medical
conditions with others, especially if it is related with sexual behavior (e.g., HIV,
impotence), drug treatments, and mental disorder, among many. In a traditional
healthcare facility in Asia, leaking information is a common phenomenon. As RFID
systems secure access control (to rooms and even documents), only authorized people
can access to the customer information. Top of that, RFID systems use privacy-
enhancing technological measures (e.g., anonymization), which improves information
security. In case of a privacy incident, by using tracking history, at least the people who
accessed the information can be obtained. Therefore, although initially RFID was
treated as a technology to hamper information privacy, the current safeguard mecha-
nisms actually prove that RFID systems rather increase data/information privacy;
consequently, healthcare facilitates and patients are welcoming this technology.

However, the influence of data accuracy is not significant. In recent times, tech-
nological developments overcome the limitations of RFID (e.g., working in liquid and
metal environments). Therefore, it is plausible that the respondents are confident that
RFID is well capable of producing quality data at any environment (e.g., having other
devices emitting radio signals, from any angle, etc.). Still, management should revisit
strategies periodically ensuring how data accuracy can be sustained and improved.

5.2 Organizational Variables

Regarding the organizational factors it is found that both absorptive capacity and
resource readiness are important for RFID use in hospitals; the relative values suggest
that the former variable is more important. It is important for the hospitals’ strategic
management to understand the value and capability of RFID technology and then apply
it in operational applications. They need to plan how the organizational knowledge can
be used to apply RFID in operational operations and get the most out of it. This
research indicates that a hospital which has higher absorptive capacity is better in a
position to use RFID systems; in other words, higher the absorptive capacity, higher
will be the use of RFID. This result suggests that absorptive capacity is a necessary
condition for a hospital to use RFID to its full potential. Therefore, hospitals need to
develop the ability to transform and exploit external knowledge as well as process the
internal knowledge, and then develop a knowledge management system that integrates
the both.

Further, the results suggest that higher resource readiness is associated with higher
use of RFID in hospitals. This implies that the management of a hospital needs to
configure the required resource, acquire and apply them accordingly so that the use of
RFID system is increased. Alongside, they need to develop strategies to address
resource issues (e.g., financing, RFID experts) when all possible business processes
will be integrated in the RFID system. Such proficiency is essential for successful
implementing and maintenance of RFID systems (e.g., for customization, scalability).
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5.3 Environmental Variables

This study emphasizes the importance of exercising pressure to influence hospitals to
use RFID technology, where applicable. Until the major healthcare agencies mandate
RFID in hospitals, pressure could be exercised by the customers, consumer protection
advocates, lobbyists, and insurance companies. Meanwhile, the hospitals may experi-
ence mimetic and competitive pressure. Interestingly, Angeles [35] found that firms
complying with RFID mandates have higher levels of absorptive capacity than their
noncompliant counterparts. Therefore, lack of knowledge or expertise would not be an
excuse anymore; rather, knowledge and experience can be developed once RFID is
used in business operations. Hence, there should be consistent pressure for it.

However, the influence of (external) environmental uncertainty is not significant,
which is consistent with current literature [e.g., 3]. Given the successful deployment of
RFID systems in many hospitals, the respondents can be confident that the demand for
RFID-based healthcare systems is the future. The market with stringent demand of
RFID-based healthcare system is increasingly getting bigger. Moreover, the techno-
logical base of RFID is quite strong since it has been proven since 1940s. Therefore,
the respondents of this research obliterate the presence of external uncertainty on RFID
use in hospitals.

5.4 Perceived Benefits

Our study advocates that RFID use in hospitals is strongly and positively associated
with both economic and operational benefits; this is an encouraging finding against
some misperceptions and worries against the benefits reaped from RFID. The main
economic benefits actually derive from cost saving. Managing the (expensive) medical
assets and human assets with an RFID system will potentially reduce expenses,
irregularities, and corruption in a hospital while increasing efficiency. The moderation
test further found that bigger hospitals derive more economic benefits from RFID use
than the smaller hospitals. It is plausible that the return on investment will be quicker
and positive for bigger hospitals when the RFID infrastructure is enjoyed by many
operations. Similarly, the economy of scale enables the larger hospitals to lower the
costs.

RFID use increases operational benefits in hospitals. The benefits mostly derive
from access control and traceability mechanism. Using RFID hospitals limit unwanted
access of the visitors and/or staff to certain areas. Such mechanism reduces many
irregularities of hospitals operations (e.g., infant misplacing/selling, misuse of blood,
organ, medicines, and machineries). Moreover, by using RFID systems hospitals can
create a lifetime record of each customer, which can be further used when the patient
returns. The non-significant moderation effect of hospital size on operation benefits
suggests that hospitals can derive operational benefits by using RFID systems,
regardless of the size. In other words, RFID does offer operational benefits to all
hospitals. This encourages hospitals to use RFID systems if the financial calculations
support.

The Determinants of RFID Use and Its Benefits in Hospitals 477



6 Limitations and Future Work

This study has some limitations that can be addressed by future research. This study
examined the perceived determinants and benefits of RFID use in hospitals, assuming
that the ‘data analysis capability’ of the hospitals is same for each hospital. Also, we
suspect that the dependent variable i.e., RFID use is over-simplified, which can be
better examined with at least two dimensions namely variety of use and rate of use. It is
logical to posit that higher the absorptive capacity a hospital possesses higher will be
the variety of use, for example. Therefore, future study can examine the effect of the
determinants on these two dimensions. Furthermore, the current study analysed cross-
sectional data obtained at a single point of time; further research with longitudinal data
may verify the perceptions if they hold same in different point of time (of diffusion
stages e.g., implementing, routinization). Finally, a multi-group analysis comparing the
perceptions and their relative importance between the already-adopters and yet-to-
adopting hospitals would be interesting to understand if the perceptions are consistent
and equally important.
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Abstract. This study examined the assimilation of business intelligence
(BI) systems in firms. Based on the innovation assimilation concepts from
information systems (IS) studies and considering the resource-based theory
(RBT) as the theoretical underpinning, an initial research model was developed.
The model was then validated with survey data that we collected from 153
managers and executives from Malaysia. The collected data were analyzed by
partialleast-squares (PLS) methods. The results show that the assimilation stages
(i.e., implementation and routinization) are not sequential (in other words,
successful implementation does not ensure routinized use of BI systems); rather,
implementation of BI systems enhances organizational knowledge culture,
which in turn drives routinized use of BI systems. Data analyses also find that
implementation of BI systems is dependent on three factors: quality of the BI
system itself, quality of its users, and the governance of BI systems in firms. Our
results offer new insights to theory and practice.

Keywords: Business Intelligence (BI) � Assimilation � Implementation
Routinization � Organizational knowledge culture
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1 Introduction

Business intelligence (BI) systems are considered as information technology (IT) based
tools that assist firms to achieve competitive advantage through improved knowledge
and decision-making. BI system can be defined as “an organized and systematic pro-
cess by which organizations acquire, analyze, and disseminate information from both
internal and external information sources significant for their business activities and for
decision making” [1, p. 32]. Studies [e.g., 2] demonstrated that BI provide firms the
ability to analyze business data and information; such ability supports and improves
organizational decision making across various departments in a range of business
activities. Organizations employ BI in various functions including marketing research,
competitor analysis, and customer relationship management. A wide variety of
industries including logistics, manufacturing, retail, financial institutions,
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telecommunication, marketing, utilities have been using BI systems. The interest on BI
systems has even been increasing with the progression of ‘big data’ [3, 4]. The
deployment of BI applications in today’s firms is increasing and the demand for BI is
stronger than ever before. Gartner report predicts that the worldwide spending on BI
system would reach US $18.3 billion in 2018. However, other recent reports [e.g., 5]
‘terrify’ companies by identifying that 70–80% BI system projects fail [6]. Tapadinhas
[6] warns that, even if corporates achieve a successful implementation of a BI system,
many users eventually disengage themselves from using it. But, in order to realize the
most out of any BI system, it is essential that firms use it regularly in decision-making
operations [4].

Numerous information systems (IS) studies agree that many innovations are ini-
tially accepted by firms, which really are not used to their full potential [e.g., 8]. IS
studies also established that the migration from initial deployment to ‘full utilization’ is
complex. Unlike general concept-based innovations, BI systems entail considerable
set-up costs and their assimilation involves complex processes. Li and Hsieh [9, p. 659]
demonstrate that “after gaining first-hand usage experience in the acceptance stage,
employees develop a certain level of understanding about an implemented IS, which
enables them to achieve work objectives in the post-acceptance stage” by using the
system in routine applications. Therefore, understanding assimilation of BI systems is
important. Although a number of studies discretely examine the adoption [8] and
extended use of BI systems [4], however, to the best of the authors’ knowledge, an
integrated effort explaining the assimilation is missing in literature. Therefore, this
current study aims to develop and validate a model that explains the assimilation of BI
systems in firms.

In recent years Malaysia is experiencing tremendous changes both in government
services as well as corporate businesses with the application of latest IT solutions [9]. It
is one of the forerunners of using various IT systems including RFID technology [10].
BI system experience no exception; various industries in Malaysia including banking
and financial, communications, education, government, healthcare, manufacturing,
retail, and service have adopted BIS [13]. Still, the success of BI systems is minimal
[14]. Aligning this issue with our research aim, we collected survey response from the
decision-makers (i.e., managers and executives) from Malaysia. We used structural
equation modeling (SEM) techniques to analyze the data. Overall, data analyses found
that the successful deployment of BI systems leads to routinized use only when the
organization’s culture is improved. This research contributes to theory by considering
‘assimilation’ as a process than a construct and applying it in a new context. It also
offers implications to organizational decision-makers to revisit their BI systems
strategies.

The rest of the paper is structured as follows. First, we discuss the theoretical
perspectives that underpin the conceptual model of the study and then develop
hypotheses to be empirically tested. Next, we discuss the research method followed by
presenting the results and discussing our findings. Finally, we briefly discuss the
theoretical and practical implications of the study as well as the limitations.
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2 Theoretical Background

A convincing effort has been observed in literature examining adoption behaviour of
firms towards an innovation. Studies suggest that the nature and process of adoption of
an innovation is important to understand its initial acceptance; they further suggest that
post-adoption process is even more important and worthy to realize the ultimate suc-
cess of the innovation [8, 9]. Among a few post-adoption stages, ‘assimilation’ is the
most popular. However, prior studies argued that ‘assimilation’ is rather a process that
involved certain stages. For example, Thompson [15] examined ‘assimilation’ as a
three stage process involving initiation, adoption, and implementation. Similarly, Zhu,
Kraemer [8] examined it as a three staged process: initiation, adoption, and rou-
tinization. Recently, Hossain et al. [12] explained ‘assimilation’ as a four-stage process
consisting initiation, adoption, routinization, and extension.

There are a number of studies that considered ‘assimilation’ as a construct; how-
ever, this current study considers ‘assimilation’ as a process that covers several stage
(i.e., stage approach) than considering it as variable. Also, while some studies [e.g., 8]
consider that ‘assimilation’ combines both pre-adoption and post-adoption stages, our
study considers that ‘assimilation’ covers only the post-adoption stages given that the
innovation in question is already adopted, which is consistent with prior studies [e.g.,
16]. Based on prior works, this study considers that ‘assimilation’ of BI system in firms
consists of two stages namely implementation and routinization. Implementation occurs
when a firm puts an innovation into use [17]. Then, routinization happens when the
innovation is ‘subsumed’ into the organizational activities and is practiced in opera-
tional functions in such a manner that it is not treated as a noble or foreign technology.
In other words, routinization “describes the state in which IS use is integrated as a
normal part of the employees’ work processes” [9, p. 661]. Routinization assures
continued use [16].

Over the last decades organizations are becoming keener to use technologies in
business operations. Such organizational-behavior relies on the resource-based theory
(RBT) [18], which postulates that unique resources that a firm possesses would bring
competitive advantage. RBT focuses on identifying the value of firm resources. More
specifically, it explains how firms acquire, develop, maintain, and use resources in a
manner that establishes and sustains their competitive advantage. In other words, (the
identification and utilization of) firm’s internal resources can be the tools to be com-
petitive and successful.

In the current context, firm’s unique resources could influence the implementation of
BI system, which would be the basis for sustained competitive advantage [3]. Since BI
systems are knowledge-creation mechanisms, we only consider the knowledge related
resources that affect the systems. To the quest of important organizational resources for
the successful implementation of BI system, studies suggest that quality of employees
who will use the BI systems (i.e., the users) as the most critical. Studies also established
that firm’s internal governance related to BI systems that is important [19].
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3 The Research Model

We propose a research model that is based on resource-based view (RBV) with the
assistance from IS assimilation studies. Consistent with innovation diffusion theory
[17] and IS success model [20], our model assumes that the success of a BI system can
be realized if the users (i.e., employees of a firm) routinize its use in regular decision-
making. In this process, based on RBV, the successful deployment of a BI system is
dependent on the organizational resources including user quality and governance of BI
systems (H1, H2, respectively). Also, inspired by the ‘system quality’ aspect from IS
success model, quality of BI a system is considered as an antecedent of its successful
implementation (H3). Moreover, a successful deployment of BI systems improves
organization’s culture, which in turn contributes to the routinized use of the system – a
mediation effect (H4).

3.1 Antecedents of a Successful Deployment of BIS

User Quality. Regarding the human resource perspective on BI assets, skilled
employees is highlighted as important factor. The recent literature review conducted by
Trieu [3] suggested that humans are the primary resources for BI success. Grublješič
and Jaklič [4] identified a number of important characteristics of BI system users.
Quality users equipped with strong technical, business, and analytical skills are critical
because values of BI system can only be tapped by the users who are capable of
analyzing information and turn them into sound business decisions [21]. In addition,
Strange and Hostmann [22] stated that utilization of BI tools is only part of the formula
for BI success; more is related with integrating BI systems with company’s require-
ments, priorities, and data management, which require people with unique skills. One
of the reasons for the unsuccessful stories of the Malaysian firms can be the scarcity of
people with the right skills in BI systems [21]. Thus, it can be inferred that that:

H1: Quality of the users of a BI system is associated with its successful implementation.

System Governance. Challenging previous studies that claimed business gover-
nance as a constraint to its success, Matney and Larson [19] argued that BI governance
is the key for the success of BI systems. Also, governance is needed to glean intelli-
gence from data generated by BI systems. The definition of BI governance is simple –
“defining and implementing an infrastructure that supports enterprise goals” [19, p. 29].
BI governance basically deals with the business process side than the technological
aspects. Watson and Wixom [23] emphasized that both people and processes must be
in place to manage and support BI. Recent studies [e.g., 24] found that solid BI
governance – which includes controlling, directing, establishing and enforcing related
BI policies – promotes resourceful thinking within an organization, and has significant
impact on the successful implementation of BI systems. Therefore:

H2: BI system governance is associated with its successful implementation.

BI System Quality. IS success model [20] considers system quality as an important
determinant of the successful implementation of a system. A number of proponents of
IS success model evidenced that this relationship in many contexts; BI systems domain
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has no exception. For example, Grublješič and Jaklič [4] found that BI system quality is
a strong determinant of BI use. Generally, higher system quality is expected to lead to
higher use of a system [20]. In fact, Yeoh and Popovicˇ [25] suggest that system quality
is one of the success factors of BI system implementation. It is sensible that a reliable
BI system with higher usability, consistent user interface, and easier to use and learn
will be more-successfully implemented in a firm. Therefore, organizations that acquire
a high quality BI system are more likely to be successful in implementing it.

H3: BI system quality is associated with its successful implementation.

3.2 Mediating Effect of Organizational Knowledge Culture

Extant literature on BI agrees that technology cannot increase employee productivity
unless it is used effectively [3]. Organizational culture refers to a system of shared
meaning held by the members of an organization that distinguishes the organization
from others [26]. Organizational culture, in general, has been considered as an
important driver for the success of knowledge-related initiatives. Creating a culture of
‘learning organization’ has become an important strategic objective for many firms that
hinges on the acquisition of information. Prior studies [e.g., 27] evidenced that a large
percentage of BI applications fail not because of technology but for a dysfunctional
organizational knowledge culture where the knowledge generated from the knowledge-
systems are not shared properly. A functional organizational knowledge culture
encourages employees to create and share knowledge within a firm [28]. Studies
indicate that, in order to realize their full potential, BI systems have to be integrated in
organizations regular decision-making so that the BI systems are considered as an
integral practice of business operations/activities and not as ‘foreign’ tools to the
organizational operations [29]. Based on the prior works, our proposed model argues
that:

H4: Organizational knowledge culture has a mediating effect between implementation and
routinized use of a BI system.

4 Research Method

This research adopted quantitative method. A survey was administered to a sample of
1,000 executives through contact persons. To increase the response, the study
administered follow-up phone calls and reminders. 166 questionnaires were eventually
obtained but 13 were with missing values, resulted 153 usable responses. The demo-
graphics have been representative of the population (see Table 1). For example, around
37% of the respondents were female, where World Bank data (www.data.worldbank.
org) says the contribution of female in Malaysian labour force was 38.1% in 2016.

The measurement items were based on previous works from BI literature. The
instrument items were based on Likert scale, ranging from ‘strongly disagree’ to
‘strongly agree’; a six-point Likert scale was employed in this study with the rationale
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that most Asian respondents has the tendency of selecting the middle point [30]. All
constructs were operationalized as reflective. Specifically, user quality was measured
by using the instruments from [21]. BI system quality was measured using the items in
[20] and BI system governance was measured by the scales in [19]. The instruments for
organization knowledge culture and system implementation were adopted from [29],
and routinized use was from [31]. The items for each construct are presented in
Table 2. Data were analyzed by partial least squares (PLS)-based SEM.

5 Results

5.1 Evaluating the Measurement Model

The assessment of the measurement model was established by examining convergent
validity, reliability, and discriminant validity. First, convergent validity was assessed with
the outer loadings of the indicators and the average variance extracted (AVE) of the
constructs. The bold values shown in Table 2 represent item loading of the respective
construct; all item loadings were greater than the threshold of 0.70 [32]. Similarly, all
construct’s AVE was well above of 0.5 (see Table 3). Then, internal consistency was
assessed with composite reliability (CR) values. As Table 3 shows, all CR values satisfied
the 0.7 threshold [32]. Finally, we assessed discriminant validity with twomeasures. As the
first approach to assess the discriminant validity of the indicators, we checked cross-
loadings. Table 2 shows that the indicator’s loading on the associated construct is greater
than any of its cross-loadings (i.e., its correlation) on other constructs [32]. The second
approach to assess discriminant validity was checking Fornell-Larcker criterion, which
compares the square root of the AVE values with the latent variable correlations. Table 3
shows that the square root of each construct’s AVE is greater than its highest correlation
with any other construct. Thus, our indicators and constructs passed the discriminant tests.

Table 1. The demographics of the respondents

Gender Job position

Male 63.2% Director and above 9.9%
Female 36.8% Dept. manager 14.4%

Operation manager 24.2%
Operation officer 51.6%

Age Industry

20–30 year 13.1% Manufacturing 26.2%
31–40 year 39.2% Retail 23.6%
41–50 35.3% Logistics 15.2%
51 and over 12.4% Financial institutions 11.1%

Telecommunication 10.8%
Marketing & others 13.1%
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5.2 Testing the Structural Model and Hypotheses

The structural model deals with testing the hypothesized relationships. A bootstrapping
procedure was used to establish the significance of the path coefficients; the values are
summarized in Table 4. It is observed that the hypotheses leading to BI systems
deployment (H1, H2, H3) were supported. Also, the R2 value of SI (38.9%) and SR
(40.2%) indicate that the model successfully explains the current phenomenon.

Table 2 The cross-loading matrix

Items UQ SG SQ OC SI SR

UQ1 Technical skill 0.776 0.365 0.394 0.342 0.368 0.354
UQ2 Analytical skill 0.749 0.421 0.496 0.316 0.307 0.405
UQ3 Competence 0.790 0.514 0.515 0.359 0.394 0.397
UQ4 Understand requirements 0.775 0.440 0.476 0.317 0.345 0.327
UQ5 Ability to use data 0.835 0.481 0.504 0.505 0.459 0.422
SG1 Management support 0.407 0.712 0.427 0.216 0.360 0.128
SG2 Necessary training provided 0.537 0.772 0.514 0.419 0.491 0.387
SG3 Policy in place 0.423 0.844 0.680 0.453 0.502 0.407
SG4 Manage implementation 0.475 0.829 0.533 0.418 0.504 0.356
SG5 Enforce top-down directive 0.420 0.831 0.611 0.368 0.463 0.29
SQ1 Usability 0.503 0.602 0.865 0.458 0.416 0.445
SQ2 Adaptability 0.432 0.581 0.815 0.341 0.380 0.324
SQ3 Reliability 0.500 0.611 0.800 0.428 0.448 0.370
SQ4 Response time 0.425 0.532 0.829 0.411 0.372 0.358
SQ5 Availability 0.597 0.548 0.811 0.587 0.525 0.512
OKC1 Knowledge is shared 0.364 0.398 0.464 0.872 0.509 0.523
OKC2 Knowledge sharing is encouraged 0.454 0.445 0.497 0.860 0.573 0.598
OKC3 Incentive to share knowledge 0.387 0.364 0.461 0.837 0.410 0.554
OKC4 Policy for knowledge sharing 0.391 0.323 0.403 0.862 0.410 0.550
OKC5 knowledge portals are available 0.383 0.469 0.471 0.721 0.462 0.397
SI1 System in use in all units 0.352 0.424 0.380 0.401 0.753 0.323
SI2 Data are integrated in BI system 0.296 0.401 0.319 0.381 0.760 0.236
SI3 Rely on it to take decision 0.480 0.522 0.468 0.576 0.857 0.410
SI4 Comprehensive business alignment 0.410 0.535 0.518 0.465 0.866 0.367
SR1 Incorporated into regular schedule 0.420 0.461 0.463 0.563 0.385 0.827
SR2 Part of normal work routine 0.400 0.295 0.434 0.557 0.368 0.911
SR3 BI is a normal part of my work 0.452 0.301 0.402 0.542 0.349 0.879

Note: UQ, User Quality; SG, (BI) System Governance; SQ, (BI) System Quality; OKC,
Organ-izational Knowledge Culture; SI, (BI) System Implementation; SR, (BI) System
Routinization
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To begin the mediation analysis, first we tested the indirect effect. The indirect
effect (i.e., 0.334) from BI system implementation (SI) via organizational knowledge
culture (OKC) to routinized use (SU) is the product of path coefficients from SI to OKC
and from OKC to SU (i.e., 0.572 * 0.586). To test the significance of these path
coefficients’ products, we ran the bootstrapping routine with default values. We found
that the indirect effect is significant since neither of the 95% confidence intervals
includes zero. The empirical t value of the indirect effect (0.334) for the OKC to SR
relationship is 4.869, yielding a p value of 0.000. Next, the direct relationship from SI
to SR is weak (0.086) and statistically nonsignificant (t = 0.978, p = 0.328). Hence, we
conclude that OKC does have a full mediation effect between (SI) and routinized use
(SR); thus H4 is accepted.

6 Discussion and Implications

This study managed to reiterate the reason for relatively low implementation success
rate and the relatively low satisfaction from BI projects. The reasons identified from our
study include user skill-related issues, BI system issues (e.g., technical complexity,
inflexibility), and lack of governance. Our finding is consistent with current literature
[e.g., 3] that suggests that sophisticated BI system and high quality human resources
are favorable for ‘BI assets’ which are recognized as necessary conditions for the
success of BI systems.

Table 3. Construct reliability and discriminant validity tests

Fornell-Larcker discriminant
criterion

Alpha CR AVE UQ SG SQ OKC SI SR

UQ 0.846 0.890 0.617 0.786
SG 0.858 0.898 0.638 0.567 0.799
SQ 0.883 0.914 0.680 0.606 0.698 0.825
OKC 0.888 0.918 0.693 0.477 0.479 0.552 0.832
SI 0.826 0.884 0.657 0.484 0.587 0.529 0.572 0.811
SR 0.843 0.906 0.763 0.486 0.405 0.497 0.635 0.421 0.873

Note. Alpha, Cronbach’s alpha; CR, Composite Reliability; AVE, Average
Variance Extracted

Table 4. Structural properties of the model

b value SE t value p value

UQ to SI (H1) 0.172* 0.083 2.082 0.037
SG to SI (H2) 0.375** 0.087 4.303 0.000
SQ to SI (H3) 0.172* 0.078 2.095 0.036

SE, Standard error; Significance level *p < 0.05,
**p < 0.001; ns: not significant
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As hypothesized in this study, firm’s internal resources are found to have an
influence on the successful implementation of BI systems. Among the two resource
variables, first, it is found that user quality is important. It is intuitive that the main
actors of the BI system (i.e., the users) determine the success of BI. They need to
possess certain skills (including technical, analytical) to use BI systems as well as to
interpret and use the outputs of BI systems. Therefore, firms have to arrange regular
training sessions, workshops and interactive sessions to upgrade the users. Next, the
hypothesis related to the role of BI system governance in stimulating implementation of
BI systems had significant statistical evidence. In fact, among the three antecedents of
BI implementation, BI governance has come up as the strongest. Effective BI gover-
nance may include strong management support that provides sufficient funding,
infrastructure, staffing, and appropriate policies regarding BI. Having good BI gover-
nance in place (in terms of providing supportive infrastructure including resource
allocation and training) is a prerequisite for BI systems’ success in firms. In order to
ensure continuous support and sponsor the successful implementation of BI systems, it
is prescribed by this study that BI steering committee should comprise of high-level
executives. As a consequence, executives may want to look into their existing BI
governance in their firms and focus on developing supportive BI governance.

Our results show that the higher quality of BI systems, higher the likelihood of their
successful implementation. It is found that, in the past, many BI systems could not be
successful because of the quality in terms of mainly usability [20]. Therefore, BI
systems should possess critical technical features such as reliability, consistent user
interface, quick response time, and quality of documentation. Also, a BI system should
be customizable based on firm requirements, user ergonomics, and business processes.
Also, the system should be easy to use and easy to learn. It should also mimic the way
the users perform a business process and take decision so that the users do not consider
it as an alien, which needs significant effort and involves learning curve.

The results of the mediation test suggest that a successful implantation of a BI
system has positive influence on improving organizational knowledge culture. BI
systems are knowledge-acquiring and knowledge-generating engine; upon their
implementation, organizational knowledge culture – the way a firm generate and share
knowledge – has to be changed. A supportive organizational culture is vital in
encouraging staff to create and share knowledge within a firm. This finding suggests
that BI systems should change organization culture than building the systems to fit
firm’s culture – McDermott and O’Dell [33] provided examples supporting our claim.

The mediation results also show that successful implementation of a BI system can
develop good culture of knowledge sharing within a firm, which in turn decides the
success of the system by routinizing its use in decision-making processes (e.g., to
generating new products, improving business operations and customer service). Hence,
managers should make endeavors to create a knowledge-intensive culture for staff to
believe that knowledge sharing actively reward them as well as the firm. Also, firms
need to be transformed into learning organizations which facilitates learning for all
employees. If they successfully create a supportive knowledge culture, there will be
good chance that the BI systems will be successfully routinized. Hence, organizations
should put more emphasize on promoting and building appropriate knowledge culture.
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7 Limitations and Future Works

Despite contributing new and valuable insights to BI systems literature, this study has
been faced with some limitations that may inform future research. First, realizing the
Cloud BI systems as essential in recent times, companies are moving towards Cloud BI
systems (e.g., Amazon AWS, Microsoft Azure, Google Cloud, and IBM Bluemix).
Forbes find that the adoption of Cloud BI systems in 2018 is almost doubled from 2016
[34]. Our study examined the traditional enterprise-wide BI systems; future studies
could test the model in the Cloud context. Second, we used a self-reported survey that
may have resulted in self-selection bias particularly to measure ‘routinized use’.
Although the CMV tests did not expose any concerns, it is still not possible to claim
definitively that the data are free from self-reported bias. Future research could use
actual (objective) usage data from BI system users. Third, we collected data from one
country at a given point of time. Future studies could investigate this model in different
cultures and use longitudinal data. Finally, we relied on Elbashir et al. [2] study which
suggests that firm size does not affect organizational use of BI systems; still large
organizations may exploit BI’s potential better than smaller organizations. Therefore,
the effect of firm size is worthy to investigate in a future study.
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Abstract. This study examined the relationship between Audit committee
(AC) characteristics and the level of sustainability report disclosure in gulf
countries (GCC). We examined 59 listed banks listed during the period from
2013 to 2017. The results showed that AC size, independency of AC members
and AC meetings have significant and positive impact on sustainability report
disclosure. However, AC member’s financial expertise has negative and sig-
nificant impact on the sustainability disclosure. The study provides insights
about the level of sustainability reporting in GCC countries and how this kind of
non-financial disclosure could improve through governance practices especially
AC, which might be utilized by banks to explore how AC can and does play a
role in contributing towards achievement of the sustainability disclosure.

Keywords: Audit Committee (AC) characteristics
Sustainability reporting (SR) � Gulf Cooperation Countries (GCC)

1 Introduction

Governance and disclosure act as the key success factor in business world. Several
bankruptcies have occurred worldwide due to lack of governance and disclosures. This
increases the significant of transparency and greater demands for accountability for
financial and non-financial information.

Last few years, sustainability reporting (GRI) becomes a serious research line focus
on the non-financial disclosures. The GRI covers environmental social and governance
disclosure. Wilburn and Wilburn (2013) stated that sustainability performance indi-
cators (environmental, social and governance) can help a firm creates sustainability
strategies and stakeholders evaluates the firm’s sustainability performance (Leung and
Gray 2016; Rao and Tilt 2016).

GRI Sustainability Reporting Guidelines defines sustainability reporting as ‘‘re
process that assists organizations in setting goals measuring performance and managing
change towards a sustainable global economy one that combines long term profitability
with social responsibility and environmental care” (GRI 2011, p. 85). Sustainability
reporting communicating the firm’s economic, environmental, social and governance
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performance, so reflecting positive and negative impacts (Gray et al. 1995; Mistry et al.
2014; Sharma and Kelly 2014).

Since the implementation of sustainability reporting and adoption of corporate
governance are still in its early stages in GCC countries and emerging market, sig-
nificant empirical research is not yet adopted. Therefore, this study provides the earliest
empirical research that discusses the relation between AC characterises and sustain-
ability reporting of GCC banks.

This study investigates the capability of AC characterises to better support the
disclosure of sustainability information.

Sustainability disclosure are assumed to be significant for all stakeholders; hence
factors affecting the sustainability information disclosure need to be highlighted. This
study contributes to literature in many ways. First, from academic level; it sheds the
light on the rare prior studies that shows the effect of AC characteristics on sustain-
ability disclosure considering sample from emerging economy (such as gulf countries).
Second, from practical perspectives; this study provides insights about the relationship
between AC characteristics and the disclosure of sustainability, which might be utilized
by organizations to re-arrange the roles within them, reassign internal priorities, to
escalate position in their environment. Third, from economy level, our findings should
be of interest to regulators and policy makers in emerging markets, who have already
adopted governance and considering sustainability reporting in their respective
contexts.

The study is divided into the following sections: First section being introduction,
further part of this study is divided into five sections. Section 2 discusses literature
review and developing hypotheses. Section 3 presents the design and research
methodology. Section 4 shows the descriptive statistics. Section 5 presents empirical
analysis results. Section 6 presents the study’s conclusion, recommendations and the
scope for further research.

2 Literature Review and Hypothesis Development

Previous literature in the field argued that there is a lack of common sustainability
reporting standards which allows of a level of inconsistency in some cases (Krivačić
2017) it was also argued a lack of understanding to the definitions of sustainability
reports and standards allows for deficiency in reporting made by inexperience man-
agers in particular for governmental sectors. From a practical point of view (KPMG
2013) declared that from 93% of world’s largest cooperation’s publishing their reports
only 59% employs a level of assurance.

Krivačić (2017) highlighted that largest cooperation’s lacks sustainability reporting
assurance which may be related to various factors that is at organisational and gov-
ernance level. Deloitte (2013) emphasised on the need of investigating Sustainability
Report Assurance as such reports leads to a high level and strategic decision making.
From the above arguments, it is visible that there is a need to investigate sustainability
reporting to resolve the challenges faced by cooperation’s and large organizations to
resolve in terms of reliability.
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Previous studies in the field has defined three types of assurance providers:
(1) Internal Auditors, (2) Consultants and (3) Professional Accounting Firms. Despite
various studies, the literature examining SRA provider choice remains relatively lim-
ited (e.g., Simnett et al. 2009a, b; Kolk and Perego 2010; Pflugrath et al. 2011; Perego
and Kolk 2012; Casey and Grenier 2015).

Various studies investigated Audit Committee (AC) characteristics, the studies
stated that the effectiveness of an AC depends on its characteristics (Akhtaruddin and
Haron 2010; Dhaliwal et al. 2010; Li et al. 2012). In a similar context, it was high-
lighted that a reliable mixture of experience, expertise, and capabilities are crucial in
supporting an AC’s ability will efficiently carry out its responsibilities (Madi et al.
2014). It was also argued that the efficiency of an AC is enhanced by financial expertise
of committee members; this is a key characteristic that ensures effective operation
(Baxter and Cotter 2009). Lisic et al. (2011) also argued that it is not necessary when a
financial expert on the AC effective monitoring will be conducted.

Arguments established to separate AC financial expertise from the AC which is
expected to have an effective outcome, (Bedard and Gendron 2010) stated that financial
expertise allows AC members to categorize and debate questions that challenge
managers and external auditors to a bigger scope of financial reporting quality, this
practice is expected to improve the clearness and reliability of corporate reporting.
Baxter and Cotter (Baxter and Cotter 2009) stated that the level, activities, and
responsibilities of an AC are crucial in terms of improving the reliability in enhancing
earnings quality.

Kent et al. (2010) found a positive relation between an AC’s financial expertise and
the quality of financial reporting which is opposing with the above-mentioned argu-
ments, which clearly indicates that there is a need to investigate this area further.

This paper aims to examine the relationship between Audit committee (AC) char-
acteristics and the level of sustainability report disclosure focusing on the gulf coop-
eration countries (GCC), this paper intends to investigate the relationship between
Audit Committee and highlights the characteristics of AC in terms of (1) AC members’
financial expertise (2) AC size affect (3) AC board independence (4) AC frequency of
meetings and below hypothesis constructed as follows:

H1a: AC members’ financial expertise affect the level of ESG disclosure of GCC listed Banks.

Also, the size of any given AC has positive effect on earnings quality. The bigger
an AC is the more effective it is due to the fact that they comprise of members with
diverse knowledge and expertise in order to perform more reliable monitoring of
financial practices (Hamdan et al. 2013). Thoopsamut and Jaikengkit (2009) found that
the audit firm size is not significantly related to earnings management. In their previous
work, Allegrini and Greco (2013) stated the fact that the resource dependency theory
argues that a large AC is more eager to dedicate resources and authority to effectively
carry out responsibilities. The more directors there are on an AC, the more diversity
and expertise and capabilities there are that would guarantee operative monitoring
(Bedard and Gendron 2010). Therefore, a large number of AC members are more likely
to aid a committee to expose and solve issues and dilemmas in corporate reporting
processes (Li et al. 2012). This means that size is an integral factor for an AC to
oversee corporate disclosure practices (Persons 2009). Persons found evidence that
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numerous directors on AC’s tend to improve the level of voluntary disclosures.
Therefore, the second alternative hypothesis constructed as follows:

H1b: AC size affect the level of ESG disclosure of GCC listed Banks.

Baxter and Cotter (2009) stated that an AC’s independence is a key characteristic
that influences a committee’s competence and effectiveness in the process of managing
financial statements. Also, AC’s independence is greatly related to the measurement of
earnings quality. Independent AC (AC) is expected to play a key role in financial
reporting, auditing, and corporate governance; independent directors put an effort in
enhancing the processes conducted by board members and even bring in specialists to
make use of their expertise and knowledge, to provide continuity, and to assist in
recognizing alliances and acquisitions; those directors help sustains a morally ethical
climate within the organization (Kantudu and Samaila 2015). Therefore, the third
alternative hypothesis constructed as follows:

H1c: AC board independence affect the level of ESG disclosure of GCC listed Banks.

DeZoort et al. (2002) define the frequency of meetings as an evaluation of an
auditor committee’s due diligence. The frequency of meetings is a core element in the
reliability and efficiency of a company’s activities and processes, although there were
few studies that acknowledged the connection between the performance of the com-
pany and the number of meetings (Ioana 2014). The frequency of meetings is an
important characteristic of auditor committees. Board members that regularly meet are
more likely to accomplish their work and responsibilities attentively and successfully.
Thorough boards would more effectively improve the level of oversight of the process
of financial reporting both directly and indirectly through choices of external auditors
and the AC (Yatim et al. 2006). Raghunandan and Rama (2007) and Sharma et al.
(2009) found that the frequency of AC meetings is positively associated with growth
and profitability. Also, Abbott et al. (2000) and Beasley et al. (2000) found that the
increasing frequency of meetings is related to better quality of financial statements.
Therefore, the fourth alternative hypothesis constructed as follows:

H1d: AC frequency of meetings affect the level of ESG disclosure of GCC listed Banks.

Hamdan and Mushtaha (2011) combine the four AC characteristics discussed
above in one study; they aim towards evaluating the relationship between an organi-
zation having an audit reporting and the characteristics of AC’s in Jordanian compa-
nies. Results of the study projected a positive impact in regard to the size of AC’s in
terms of the report of external auditors. Moreover, the independence of executive and
non-executive AC members, or the number of meetings has no impact on views of
external auditors.

The Relationship Between Audit Committee Characteristics 495



3 Research Methodology

3.1 Study Population, Sample and Resources of Data

The study depends on the selected sample which is 295 observations for 59 listed banks
in Gulf Cooperation Council stock exchange (Saudi, Bahrain, Kuwait, UAE, Qatar and
Oman) for five years from 2013 to 2017 (see Table 1).

3.2 The Study Variables

The independent variable (AC characterises) has been measured using the AC mem-
bers’ financial expertise, AC size, Independency of AC and AC frequency of meetings
(Al-Sartawi et al. 2013; Hamdan et al. 2013).

The dependent variable (ESG score) measured using index of three disclosure
indicators (environmental disclosure, corporate social disclosure and corporate gov-
ernance disclosure) (Buallay 2018).

Three control variables will be discussed for all estimated models of our study.
They are: bank Size, bank age and Audit Quality (Buallay et al. 2017; Buallay 2017;
Hamdan et al. 2017) (Table 2).

3.3 Study Model

In order to measure the relationship between audit committee characteristics and sustainability
disclosure; the study estimates the linear regression model as follows:

ESGit ¼ b0 þ b1ACFEitg þ b2ACSZitg þ b3ACINDitg þ b4ACMitg

þ b5SZitg þ b6AGitg þ b7AQitg þ eitg

Where: ESG: is a continuous variable; the dependent variable is the ESG score. b0: is
the constant and b1–7: is the slope of the controls and independent variables. The
independent variable is audit committee characteristics. The control variables are (bank

Table 1. Sample selection

Country No. banks No. observations

Bahrain 7 35
Kuwait 9 45
Oman 8 40
Qatar 9 45
Saudi 12 60
UAE 14 70
GCC 59 295
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size, bank age and audit quality). (e): random error. (i) Stands for the banks; (t) stands
for the period and (g) represent the country.

3.4 Model Validity

To check the validity of the study model and data, several tests were performed like,
normal distribution test, time series stationarity test, autocorrelation and Multicolin-
earity and models were checked for not having homoscedasticity. Errors were corrected
and results are believed to be accurate.

4 Descriptive Analysis

In this section, we used the descriptive statistics in order to describe the study variables.
As shown in Table (3), the mean of AC size is almost 3 and it ranges from 2 to 8, and
according to the Code of Corporate Governance in gulf countries at least 3 members
must be assigned in the AC, this means that the majority are following this rule. As for
the frequency of meeting, there should be at least 4 meeting per year, the number of
meetings range between 2–10 meetings and the mean is 4.38. This indicates that the
majority are clearly following the code. Moving to the member’s independence, the
majority of the members of the committee including the chairman must be independent
directors according to the corporate governance code. The mean is 0.557 which indi-
cates that the board is increasing the independence of members that stimulates in
attracting more investors and avoiding conflict of interest among the board. As for the

Table 2. Variables measurement

Variables Labels Measurements

Dependent variables:
ESG disclosure ESG Bloomberg index which combine the Environmental

disclosure, corporate governance disclosure and
corporate social responsibility disclosure

Independent variables:
Audit Committee
members’ financial
expertise

ACFE No. of members has experience greater than 5 years
as audit committee member

Audit Committee size ACSZ No. of audit committee members.
Audit Committee
independence

ACIND No. of independent audit committee members

Audit Committee
meetings

ACM No. of audit committee meetings per year

Control variables:
Bank size SZ Total assets
Bank age AG The number of years since the Bank was established
Audit quality AQ Dummy variable; 1 if the bank’s external auditor

one of the big four audit firms and 0 otherwise
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financial expertise it appears that all members in gulf’s listed banks have the right
experience to acquire these positions.

ESG score mean is 34.01 which is between 61.212 and .2.489. This index is
extracted from Bloomberg database. The mean level of the ESG specify that majority
of the banks are using a reasonable amount of sustainability reporting. Moreover,
Kingdome of Bahrain is developing their selves in order to adopt new features and
trends to allow an accurate presentation of sustainability information and transparency.

5 Empirical Analysis and Discussions

We create the linear model in order to answer the question: Is there effect of audit
committee characteristics on the level of sustainability disclosure?

The results reveal that ESG simple regression model have high statistical signifi-
cance and high explanatory power as P-value of F-test is less than 5% (0.000). For the
AC member’s financial expertise, we found that sustainability disclosure has negative
significant relationship with AC member’s financial expertise. To clarify the results,
when there is a financial expert on the AC then that does not mean that there is more
effective sustainability disclosure. Rather, monitoring effectiveness of AC financial
expertise depends on the authority of top management. Therefore, we accept the
alternative hypothesis (H1); AC members’ financial expertise affect the level of ESG
disclosure of GCC listed Banks.

The findings of (H1) is in line with the previous study conducted by Lisic et al.
(2011), therefore in Banking sector it is found that financial experts does not necessary
have effective sustainability disclosure and recommended to have a senior level
overseeing to the overall operations, this is also in support of various studies related to

Table 3. Descriptive analysis

Variables Label Descriptive
Mean Max Min SD

Dependent variables:
Sustainability disclosure ESG 34.01 61.212 2.489 4.459
Independent variables:
Audit Committee members’ financial expertise ACFE 4.2 8 8 0.471
Audit Committee size ACSZ 3.8 7 2 1.251
Audit Committee independence ACIND 5.77 3 0 0.084
Audit Committee meetings ACM 4.38 10 1 2.68
Control variables:
Bank size (LN) SZ 24.001 56.331 4.665 2.551
Bank age AG 20.738 54 4 1.004
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strategic decision making and the contribution of factors related to level of authority
throughout the reporting process (Aldhaen 2017).

Additionally, we found that committee size has positive relationship with sus-
tainability disclosure. Based on this result, it is believed that a smaller board is able to
disclose sustainability information and make better decisions and that a larger com-
mittee size may lead to less information disclosure. The smaller AC size is able to
direct and make better decisions regarding the disclosure whereas the bigger AC size
may lead to a less performance regarding the disclosure. Therefore, we accept the
alternative hypothesis (H2); AC size affect the level of ESG disclosure of GCC listed
Banks.

The findings of (H2) is considered the novelty of this research, most of the previous
studies concluded that the larger of the audit committee is the most effective outcome
for the sustainability disclosure (Hamdan et al. 2013), some other studies argued that
the level of the committee does not really any have any relationship on the sustain-
ability disclosure Thoopsamut and Jaikengkit (2009), from the analysis it is found that
in Banks in GCC countries the smaller audit committee is the more effective outcomes.
The findings of H2 also raise a question for future research as it is only focused on
Banks in GCC region and not other type of organizations.

Further, the results reveal that AC member’s independency influenced positively
the ESG model, which is significant at 1%. This indicates that AC independency GCC
banks are powerful to realize the full potential of the governance, corporate social
responsibility and environmental information. This means that independence AC
members has influence over sustainability disclosure. Therefore, we accept the alter-
native hypothesis (H3); AC independency affect the level of ESG disclosure of GCC
listed Banks.

The findings of (H3) is in conjunction with Baxter and Cotter (2009); it is clearly
indicated that audit committee in banks in GCC region have a better potential of
sustainability disclosure when they are independent, as the proposed outcomes usually
have better rational decisions as they are supporting the governance rather than being
part of its own operations. Therefore; it is recommended to have a separated audit
committees in Banks in GCC region which will allow sustainability disclosure.

Last but not least, there is a significant positive relationship between AC frequency
of meetings and ESG, which is significant at 5%. This is due to the fact that as these
meetings increase, awareness and experience increases among members, and there will
be more encouragement of non-financial information disclosure on the sustainability
reports. Therefore, we accept the alternative hypothesis (H4); AC frequency of meet-
ings affect the level of ESG disclosure of GCC listed Banks.

The findings on (H4) is in contradiction of the study conducted by Hamdan and
Mushtaha (2011), however the previous study was conducted in Jordan and therefore
other environmental and internal performance factors may be considered. The results
indicate that the frequency of meeting does support an effective outcome of sustain-
ability reports, this is maybe due to following up on operations, awareness and other
aspects. The findings of H4 also raise a question for future research as it is only focused
on Banks in GCC region and not other type of organizations.

For the control variables, bank size found to be significant with ESG. this is a great
indication that the banks with greater total assets are that most banks disclosing
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sustainability information. Moreover, bank age is positively affects the ESG disclosure;
old banks disclose more sustainable information. Finally, Audit quality is positively
affects the ESG disclosure; the real reason why these banks acquire or hire these name
brand auditors is to avoid conflict of interest in their structured ownership (Table 4).

6 Conclusion, Limitation and Recommended Future
Research

The study investigated AC characteristics and sustainability in banks listed in GCC
stock exchange and the relationship between AC characteristics and sustainability
reporting. The data collected is a pooled data during the period 2013–2017. As an
outcome of this study, the results indicated that AC size, independency of AC members
and AC meetings have significant and has a positive impact on sustainability disclo-
sure. However, AC member’s financial expertise has negative and significant impact on
the sustainability disclosure.

As an outcome of this study, it is recommended the banks in GCC to focus more on
AC’s characteristics to assure more sustainable transparency to their stakeholders. For
instance; AC size should be considered taking into account the organizational size,
which is expected to increase the effectiveness of the AC as well as Sustainability
Report Disclosure

Table 4. Simple regression results

Variables Label ESG model
b t-Statistic

Independent variable
Audit Committee members’ financial expertise ACFE −0.347 −3.036***

0.000
Audit Committee size ACSZ 0.446 2.370***

0.001
Audit Committee independence ACIND 0.599 6.483**

0.000
Audit Committee meetings ACM 0.109 1.719**

0.040
Control variables:
Bank size SZ 0.175 1.602**

0.049
Bank age AG 0.388 3.448***

0.000
Audit quality ADT 0.835 8.011***

0.000
R2 0.425
Adj. R2 0.317
F-Statistic 22.668
p-value 0.000

Significance at: **5% and ***1% levels

500 A. M. Buallay and E. S. AlDhaen



As a future research, it is recommended to explore the reasons of negative rela-
tionship between AC member’s financial expertise and sustainability disclosure in
particularly in Banking Sector in the GCC region and consider increasing number of
countries may explore the extent to which our results generalize to these different and
diverse countries.

It is also recommended to investigate similar study in other sectors than banks and
outside the GCC region, and consider AC characteristic affect other forms of reporting
such as integrated reporting and intellectual capital reporting.

As a limitation of this research there has been limited studies investigated in this
sector, the absence of literature offered the sustainability reporting in GCC region is
still lacking. As well as the study considers only the banking sector and neglects other
sectors, which may offer other useful results on the connection between AC charac-
teristics and sustainability reporting.
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Abstract. Today’s financial service organizations have a data deluge. A num-
ber of V’s are often used to characterize big data, whereas traditional data
quality is characterized by a number of dimensions. Our objective is to inves-
tigate the complex relationship between big data and data quality. We do this by
comparing the big data characteristics with data quality dimensions. Data quality
has been researched for decades and there are well-defined dimensions which
were adopted, whereas big data characteristics represented by eleven V’s were
used to characterize big data. Literature review and ten cases in financial service
organizations were invested to analyze the relationship between data quality and
big data. Whereas the big data characteristics and data quality have been viewed
as separated domain ours findings show that these domains are intertwined and
closely related. Findings from this study suggest that variety is the most dom-
inant big data characteristic relating with most data quality dimensions, such as
accuracy, objectivity, believability, understandability, interpretability, consistent
representation, accessibility, ease of operations, relevance, completeness, time-
liness, and value-added. Not surprisingly, the most dominant data quality
dimension is value-added which relates with variety, validity, visibility, and vast
resources. The most mentioned pair of big data characteristic and data quality
dimension is Velocity-Timeliness. Our findings suggest that term ‘big data’ is
misleading as that mostly volume (‘big’) was not an issue and variety, validity
and veracity were found to be more important.

Keywords: Big data � 11 V � Data quality � Variety � Value
Finance service organization

1 Introduction

Todays’ organizations are harvesting more and more data using technologies such as
mobile computing, social networks, cloud computing, and internet of things
(IoT) (Akerkar 2013). This data deluge can be used to create a competitive advantage
over competitors and create significant benefits (LaValle et al. 2013) such as better
understanding of customer’s behavior, more effective and efficient marketing, more
precise market forecasting, and more manageable asset risks (Beattie and Meara 2013;
PricewaterhouseCoopers 2013). Manyika et al. (2011) argues that finance and insur-
ance organizations have one of the highest potential to take advantage from big data.
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However, creating value from big data is a daunting task. Reid’s et al. (2015) study
revealed that two thirds of businesses across Europe and North America failed to
extract value from their data. A number of challenges impede the creation of value from
data by the financial service organizations (The Economist Intelligence Unit 2012).
Data quality is one of the challenges that are frequently mentioned in the literature
impeding value creation from big data (Chen et al. 2014; Fan et al. 2014; Janssen et al.
2016; Leavitt 2013; Marx 2013; Zhou et al. 2014; Zicari 2014).

Data quality is a multi-dimensional construct (Eppler 2001; Fox et al. 1994; Miller
1996; Tayi and Ballou 1998; Wang and Strong 1996). In data quality the role of the
data custodian is a key elements in the relationship between colleting and creating
value from data. Data custodians process data from data producers/providers and
generate information for data consumer. Wang and Strong’s (1996) definition of data
quality embraces the data custodian’s perspective, “data quality is data that is fit for use
by data custodian” (p. 6). To be fit for data custodian’ task, the data should not only be
intrinsically good, but also have proper representation, properly accessed and retrieved
from the source, as well as appropriate for contextual use.

Insufficient data quality hinders the value creation from the data (Verhoef et al.
2015). Redman (1998) found that lack of data quality results in disadvantages a the
operational, tactical and strategic level, including:

• Operational level: lower customer satisfaction, an increase in costs, and lower
employee satisfaction;

• Tactical level: poorer decision making, longer time to make decision, more diffi-
culties to implement data warehouse, more difficulties to reengineer, and increased
organization mistrust;

• Strategy level: more difficulties to set strategy, more difficulties to execute strategy,
contribution to issues of data ownership, compromise ability to align organizations,
and diverting management attention.

Moreover, poor data quality is also associated with great amount of quality cost.
According to Eckerson (2002) poor data quality costs US businesses $600 billion
annually (3.5% of GDP).

Our objective is to understand the relationship between big data and data quality in
financial service organizations. This research is among the first that studied the rela-
tionship between big data and data quality. For this purpose, we formulated a research
approach which is presented in Sect. 2. We then discussed key concepts and theories on
the basis of state-of-the-art literature in Sect. 3. Big data will bemeasured by looking at its
defining characteristics (the V’s) and data quality will be measured using the commonly
found dimensions in the literature. Next case studies and the corresponding findings is
presented in Sect. 4. This resulted in the relationship between the big data characteristics
and data quality dimensions. Finally, conclusions will be drawn in Sect. 5.

2 Research Approach

To attain our objective, i.e. investigating correlation between big data and data quality,
three main steps were taken
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1. Literature review to further detail the big data and the data quality. This resulted in
big data construct which is represented by its characteristics (V’s) and data quality
construct which is represented by its dimensions. The constructs are employed as
the basis for investigating the case studies.

2. Online case studies from financial service organizations by content analysis to
extract data quality issues and the corresponding big data characteristics. The result
is list of data quality issues as a consequence of big data characteristics. These cases
did not enable us to understand the causal relation;

3. In-depth case studies at financial service organizations to cross-reference and further
refine the findings from online case studies. The refined list of data quality issues is
mapped to the corresponding data quality dimensions.

First literature about big data characteristics and data quality dimensions were
investigated. To review big data characteristics, we surveyed the literatures during
2011–2016 for any statements of ‘big data’ or ‘data-intensive’ in Scopus. 22,362 doc-
uments were found. After carefully checked the contents, we focused on nine papers that
are strongly relevant with big data characteristics. The same approach was utilized to
study the data quality concepts. Using the statements ‘data quality’ or ‘information
quality’, we found 7,468 documents in Scopus. However, we concentrated to 13 articles
that discussed comprehensively about data quality and its dimensions.

The aim of the desk research was to find relevant cases. To explore the relationship
between big data characteristics and data quality in financial industry, a desk research
to online articles and corresponding white papers was conducted with systematic
approach. The search started with narrowing down 10 biggest banks Europe based on
Banks Daily’s ranking1 and 10 biggest insurance companies in Europe based on
Relbanks’s ranking2 to keep the focus of this research. The search is conducted through
Google Search with keyword “big data” < institution name > (e.g. “big data” Bar-
clays). From the 2000 search results (10 Google Search pages of 10 search result per
page for each institution), 2 of the authors independently selected relevant articles
which results in a list 32 articles that were relevant with big data quality and produced
within 5-years’ timeframe (2011–2016). After further analysis, seven online cases were
selected providing sufficient details (e.g. mentioning data input, information output,
and problematic big data quality issues) for being able to analyze them, as described in
Table 1. The cases were analyzed for its big data characteristics and data quality
dimension using content analysis of the case studies’ documents and interview tran-
scripts using NVivo software. Content analysis has been widely used in qualitative
study to analyze and extract information from text, web pages, and various documents
(Hsieh and Shannon 2005).

In addition, we conducted three in-depth case studies to confirm and refine our
findings from the previous step. It is important to see how the findings implemented in
real-life practices as well as to find out the possible missing challenges. The criteria of
case study selection were defined as follows: (1) the organization must be an
information-intensive financial service organization; (2) the organization should make

1 See http://www.banksdaily.com/topbanks/Europe/market-cap-2015.html.
2 See http://www.relbanks.com/top-insurance-companies/europe.
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use of big data; (3) The organization is willing to cooperate and share information that
are required to conduct this study. Three case studies were created by conducting
interviews and investigating documents. The summary of offline case studies are
presented in Table 2.

3 Literature Background: Key Concepts

3.1 Big Data Concept

Big data is used in various ways and has no uniform definition (Chemitiganti 2016;
Ward and Barker 2013). Big data is often described in through white papers, reports, and
articles about emerging trends and technology. A lack of formal definition may lead to
research into multiple and inconsistent paths. Nevertheless, there is consensus about

Table 1. Online cases that are used in this study

Case Organization Big data objective Source

1 ING Bank Customer retention https://goo.gl/RTWLh9
2 Barclays Customer retention https://goo.gl/BEWqOI
3 UBS Bank Risk identification https://goo.gl/ZNwO6H
4 Allianz Insurance Fraud detection https://goo.gl/XPLwLo
5 ING Bank Fraud detection https://goo.gl/KaomAQ
6 Barclays, RBS Bank Complaint monitoring https://goo.gl/hQHxCe

https://goo.gl/MS8c1Z
7 BBVA New product proposition https://goo.gl/KUtXn5

Table 2. In-depth cases that are used in the study

Case 1 Case 2 Case 3

Organization Retail banking Retail banking Insurance
Big data
case

Balance Sheet
Reduction (Risk
Management)

Credit Risk
Assessment (Risk
Management)

Single Customer View
(Customer Acquisition and
Retention)

Project’s
goal

Ensuring mortgage
data quality meets
the buyer’s
expectation

– Assessing the
most appropriate
credit risk level of
a company

– Providing the most
suitable loan

Obtaining a single view of a
customer from multiple
databases to improve
customer service experience

Information
output

Mortgage files
(supporting data
about mortgages)

– Credit risk level
– Most suitable loan
for the company

A single customer
view/profile
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what constitutes the characteristics of big data. The big data have changed over time. As
the initial big data characteristic the three V’s of Volume, Velocity, and Variety were
introduced by Douglas (2001). Later, IBM added a new V called Veracity, which
addresses the uncertainty and trustworthiness of data and data source (2012). The V’s
continues to evolve to 5 V’s (Leboeuf 2016), 8 V’s (m-Brain, n.d.), and 9 V’s (Fer-
nández et al. 2014). Our literature review that 11 different V’s are mentioned in the
literature and reports. As our objective is to take a comprehensive view we take all V’s
into account and define these V’s to avoid any confusion about overlap between these
characteristics. The characteristics and their definitions are presented in Table 3. These
will be used to analyze the big data used in the case studies.

3.2 Data Quality (DQ) Concept

Data is the lifeblood of financial industry and DQ is key to the success of any financial
organization (Zahay et al. 2012). Financial players such as analysts, risk managers, and
traders rely on data in their value chain. Poor DQ such an inaccurate or biased data may
lead to misleading insights and even wrong conclusions. Financial industry was
reported to loss $10 billion annually from poor DQ (Klaus 2011). In addition, as a
highly regulated industry, finance service organizations must conform to several reg-
ulations which require high DQ (Glowalla and Sunyaev 2012).

Table 3. Big data characteristics

No Big data
characteristics

Defined characteristic of the data

1 Volume Huge size of the data (Douglas et al. 2001)

2 Velocity Unprecedented speed of data creation and data must be must be
processed in a timely manner (Douglas et al. 2001)

3 Variety Various sources of the data and diverse format of the data
(structured, semi-structured, unstructured data) (Douglas 2001)

4 Variability Changing meanings and interpretations for the data based on its
context (Owais and Hussein 2016)

5 Veracity Questionable trustworthiness of the data (authenticity,
origin/reputation, availability, accountability) (Tee 2013)

6 Validity Questionable data generation with respect to regulations and
procedures (compliance) (Hulstijn et al. 2011)

7 Volatility Huge and up-to-date data needed for temporary and quick action
(Owais and Hussein 2016)

8 Visibility Many invisible relationship from the contents inside the data
(Owais and Hussein 2016)

9 Viability Too many contents inside the data, but only few are useful (Dini
2016)

10 Vast resources The data need very high network bandwidth, huge computing
power, large memory/storage for retrieving and processing (Dini
2016)

11 Value Questionable benefit derived from the data (Owais and Hussein
2016)
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Quality is rather a subjective term, i.e. the interpretation of ‘high quality’ may differ
from person to person. Moreover, the notion may change based on the circumstances.
Various definitions of DQ are found in the literature (Eppler 2001; Huang et al. 1998;
Kahn and Strong 1998; Miller 1996; Mouzhi and Helfert 2007; Tayi and Ballou 1998;
Wang 1998; Wang et al. 1993). Overall, the term DQ depends not only on its intrinsic
quality (conformance to specification), but also the actual use of the data (conformance
with customer’s expectation) (Wang and Strong 1996). Knowing the customers and
their business needs is a precursor to understand how DQ will be perceived (Fig. 1).

DQ is a multidimensional concept (Eppler 2001; Fox et al. 1994; Miller 1996; Tayi
and Ballou 1998; Wang and Strong 1996). However, there is neither a consensus on
what constitute the dimensions of DQ, nor the exact meaning of each dimension
(Nelson et al. 2005). The dimensions of DQ vary among scholars (Bovee et al. 2001;
Fox et al. 1994; Miller 1996; Naumann 2002; Wang and Strong 1996). However, the
most cited DQ dimensions are the dimensions of Wang and Strong (1996), They list
sixteen DQ dimensions categorized into four thematic, namely intrinsic, accessibility,
contextual, and representational quality, as shown in Fig. 2.

Intrinsic quality is referring to internal properties of the data, e.g. accuracy,
objectivity, believability, and reputation. Accesibility quality emphasizes the impor-
tance of computer systems that store and provide access to data. Representational
quality consists of understandability, interpretability, concise representation, and con-
sistent representation. Contextual quality, which highlights the requirement that DQ
must be considered within the context of the task at hand, consists of value-added,
relevance, timeliness, completeness, and appropriate amount.

Fig. 1. DQ category and dimensions (adapted from Wang and Strong 1996)
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4 Correlation Between Big Data and Data Quality
in Financial Service Organizations

Our aim was to investigate the relationship between big data characteristics and DQ
dimensions as depicted in Fig. 2. The big data characteristics and DQ dimensions are
used to investigate the case studies. Using content analysis these are mapped and the
relationship explored. There are eleven Vs that represent big data (their definition were
given in Sect. 3) and four category of DQ that includes 16 dimensions (see Sect. 3 for
their definition). We conducted seven cases that were carefully selected as explained in
Sect. 2 to study the correlation. Three more in-depth case studies were performed to
confirm and refine the findings and investigate the relationship in detail. DQ issues
emerged from big data characteristics mentioned in case studies were explained as
follow. Although big data characteristics and DQ dimensions are different, we found
both ‘value’ refers to the same definition. Therefore we opted only one ‘value’ in the
matrix, i.e. ‘value’ as a DQ dimension.

4.1 Volume

Volume was not frequently mentioned affecting DQ issue in the case. Huge size of data
could increase chance to discover hidden patterns, such as finding a suspicious fraud. In
addition, larger volume most likely leads to higher representativeness. However, bigger
size could also bring troubles. In case 3 and 7, information overload was caused by
volume of the data. It affected the level of amount of the data that is needed for the task
in hand. For example, UBS Bank found in several situations that the transaction data
for risk identification was too large for pre-processing.

Fig. 2. Relating big data characteristics to DQ dimension
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4.2 Velocity

Many financial service organizations need real-time data for their activities such as
fraud detection, complaint monitoring, and customer retention. Therefore, they were
very concerned with the timeliness of the data. Outdated data is mentioned as an
important issue by most cases (case 1, 2, 4, 5, 6, and 7). For example, data like credit
card transactions is useful for the fraud detection and avoiding the fraud can have a
huge impact, but becomes useless if it is not processed in real-time to predict and
prevent the subsequent fraud.

4.3 Variety

Most cases mentioned the necessity to combine data from multiple sources in order to
reveal more insightful value. However, incorporating many data sources results in a
number of DQ issues, such as:

(1) Different value was reported by same field from multiple data (case 3 and 6). An
example is having a different zip code for the same person in different data
sources;

(2) Inconsistent field’s accuracy from multiple data (case 3 and 6), e.g. which one is
the accurate one from multiple zipcodes for the same person?;

(3) Varied population representativeness from multiple data (case 3 and 6), e.g.
some data have true objectivity but others like social media data tend to be
biased and the data represents only certain group of population (e.g. youth,
people with good internet connection);

(4) Inconsistent field’s format from multiple data (case 3 and 6, also confirmed in in-
depth case 3). An simple example is that the content of field ‘name’ is varied in
multiple data (e.g. John Clarke Doe, J. Doe, J. C. Doe);

(5) Inconsistent field’s content from multiple data (case 3 and 6). An example is
having ‘male’ and ‘man’ in the ‘sex’ field;

(6) Different terminologies/semantics/definitions from multiple data (case 2, 4, and
5). For example the term ‘risk’ in the data differs across data sources from
various domains, especially data from non-specific finance domain;

(7) Various requirements for access from multiple data producers/providers (case 1,
5, and 7). Some data providers provide a secure API, whereas others may prefer
insecure API or even refer plain data transfer to ensure a high speed;

(8) Complex structure of the data (case 1, 2, 4, 5, 6, and 7). An example is
unstructured content from social media that contains lexical complexity;

(9) Duplicate and redundant data sources (case 1 and 6, confirmed in in-depth case
1, 2, and 3). In offline case 1, there are two legacy systems for mortgages for the
private banking and for the company which keep different record of information,
but refer to the same mortgage;

(10) Incomplete content of the field in the data (case 2 and 6, confirmed in in-depth
case 1). In in-depth case 1, previously customers can use post bus as an address,
but based on new regulation now they must use postal code. Because the postal
code data was not required previously, the absence of this data would make the
mortgage information considered as incomplete;
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(11) Timeliness from multiple data (case 3, 4, and 7) causes difficulties to combine
those data in the same timeframe, e.g. statistics data from Eurostat or World
Bank was collected at different points in time and cannot be combined to infer at
useful insights;

(12) Complex relationship among data (case 1, 2, 4, 5, 6, and 7). The more varied
and numerous data fed into the system, the more complex the relationship
resides in those data and the more complex it is to be combined In these cases we
found that the data could not be combined as the data analysts were not able to
unravel the complexity.

4.4 Variability

Variability of the data is rarely mentioned in the cases. The DQ issues originate from the
use of social media data. In case 3, different contextual meaning and sentiment for same
content in the data occurs, e.g. ‘happy’ and ‘happy? ’. Real sentiments are hard to
express. It brings difficulties to operate the data if the organization uses a traditional way
(e.g. static algorithm) to process the content.Moreover, the meaning of the words changes
dependent on the context and the timewhich brings in the need to dynamically interpret the
sentiment. The word could change from positive sentiment to neutral sentiment or even to
negative sentiment after contextually use by communities along the time. For example, the
word ‘advertisement’ which formerly gave a neutral sentiment currently shifts to a neg-
ative sentiment. It’s because nowadays people are annoyed by toomany digital ads in web
pages. On the contrary, some words may shift from neutral or negative sentiment to
positive sentiment, such as ‘vegetarian’ that before was neutral now becoming more
positive due to people’s conscience of nature reservation and personal health.

4.5 Veracity

Since many organizations involve many data sources into their data processing, they
may face trustworthy issues on the authenticity, origin/reputation, availability, and
accountability of the data, especially with the data is freely available in the Internet.
The following DQ issues were found

(1) Inaccurate content often found from self-reported data like social media (case 2).
For example complaint came from black campaigner or fake account;

(2) Unclear reliability and credibility of data providers (case 3, confirmed in indepth
case 2), e.g. blogs or untrusted media;

(3) Unclear ownership of the data (case 2, confirmed in in-depth case 2) may dis-
courage organizations to use the data because they might not able to access the
data if there is dispute in the future regarding commercial use of the data;

(4) Unclear responsibility to maintain content of the data (case 2) might hinder use of
the data for long term because the data could be complete and timely at the
moment but useless in the future if the content and update of the data is not
managed properly; the data from untrusted data source such as social media
probably tends to have low objectivity, i.e. representing only portion of popula-
tion (case 2, 3, 6, and 7).
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4.6 Validity

Validity strongly represents the compliance of data generation with respect to proce-
dures and regulations. Finance service organizations are among institutions that are
mandated to strictly comply with external regulations such as privacy law and confi-
dentiality agreement, as well as internal regulations and procedures, such as SOPs for
data entry, service level agreements with partners and among internal units. Hence, the
validity of the data should be carefully assessed beforehand because invalid data may
bring trouble in the future.

Validity impacts the following DQ issues are the following

(1) Inaccurate content of the field in the data due to manual entry (raised from offline
case 1 and 3) creates difficulties to understand the data, e.g. wrong address, wrong
postal code, or wrong spelling in mortgage data because of disobedience to DQ
control procedures;

(2) Wrong coding or tagging in the data (case 3);
(3) Uncertainty about the right to use the data. For example no knowledge about

licenses or the impact of the privacy regulation (case 1, 2, and 3, confirmed in in-
depth case 1) might limit or even remove access of the organizations to personal
data;

(4) Difficult to extract value from anonymous data (case 1, 2, and 3) as a consequence
of privacy compliance because person-related field (e.g. name, phone number,
email address) is the primary key of multiple data that are going to be combined;

(5) Anonymous field makes the data become incomplete for the task in hand (case 1,
2, and 3).

4.7 Visibility

Almost all the cases mentioned that it is difficult to discover the relationship among
variables within the data. For example, it’s difficult to reveal which group of ages that
have increasing internet banking usage over time in certain country by only viewing the
data. Moreover, the more sources combined in the process, the more variables are
added and the more complex relationship among the variables. Unless the organiza-
tions build capability to visualize big data, that relationship is difficult to discover (case
1, 2, 3, 4, 5, 6, and 7).

4.8 Vast Resource

Some cases mentioned that vast resources are essentially required in order to retrieve
and process the data (case 2 and 5). Retrieving huge size, very rapid generation,
variety of the data needs, sufficient network bandwidth (especially if the organizations
decided to put the data analytics platform in the cloud), computing power, and storage.
Moreover, data engineering skills are required to retrieve and operate the data. Besides
that, to discover the relationship among variables in the data and finally get the insight
from the data organizations require data scientist skills (case 1, 2, 4, 5, 6, and 7).
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4.9 Volatility, Viability, Value

No case mentioned volatility and viability characteristic of big data influence DQ. An
explanation for this is that these factors are less essential for finance service organi-
zations. Meanwhile, value is not coded from the investigated cases because it is
conflicting with value-added dimension of DQ and ‘value’ is not big data specific.

5 Mapping Big Data and Data Quality

From the aforementioned DQ issues that were resulted by big data characteristics, each
issue was then mapped into DQ dimension, as shown in Fig. 3. The corresponding case
number either online or offline are put near the arrow.

The finding indicates there are no relationship between viability and volatility
characteristic of big data with DQ in the investigated finance service organizations. The
most dominant correlation is Velocity-Timeliness that were found in all online cases.
The relationship reflects that finance service organizations perceive the rapid generation
of the data and real-time use of data, such as credit card transaction data or insurance
holder’s claim, plays an important role to create timely value of data, such as for fraud
detection. The next dominant correlation is Variety-Ease of operations, interpreted as
inclusion of data from multiple sources that may come with inconsistent formats and
conflicting contents makes organizations difficult to process the data. Variety-Value
added follows behind, which indicate that value creation is strongly influenced by
number of data sources and complexity level of content (unstructured) residing in the
data. Another most dominant pair is Visibility-Value which reflect the need of visu-
alization to quickly discover the relationship among variables in the data. Vast
resources-Value added is the next, which indicates the need of vast resources (hard-
ware, software, data engineers, and data scientists) to retrieve, exploit, visualize and
analyze the data so the value from the data could be derived.

Fig. 3. Impact of big data characteristics on DQ dimensions ([x]: online case number, (x):
offline case number)
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The Table 4 was summarized from Fig. 3. It constructs a matrix that matches big
data characteristics to DQ dimension. The number indicated in the pair represents the
number of cases that mentioned the correlation.

From big data characteristics, variety is the most dominant one in our cases of the
financial service organizations. It influences all categories of DQ, i.e. intrinsic, repre-
sentational, accessibility, and contextual DQ. The reason for this is that nowadays
organizations utilize multiple data sources, for example the ones that have formerly
been ignored – namely “long tail“ of big data, as well as new generated ones (Bean
2016). The next most influential big data characteristic is Validity which reflects
organization’s compliance to regulation and procedures, for example about use of
personal data (e.g. privacy law, untraceable requests, and confidentiality agreements).
Compliance to privacy is very vital for service organizations (Yu et al. 2015), espe-
cially bank and insurance companies (Breaux et al. 2006; Karagiannis et al. 2007).
Moreover, validity affects the accessibility to customer’s data in the long run, meaning
that one day organization may loss its right to access the personal data if the customer
or regulator requests to disclose or remove personal data. As a result, completeness of
the data drops and value creation process (e.g. analyzing data) becomes more complex
if anonymous data is the only way organization can use. Another dominant big data
characteristic is veracity. Veracity or trustworthiness of the data is inevitable when
multiple data sources are utilized to discover more insights (Leboeuf 2016). Since
veracity includes authenticity, origin/reputation, availability, accountability of the data
(Tee 2013), unsurprisingly intrinsic quality which embodied the issues is mostly
influenced by this characteristic.

As depicted in Table 4, the most correlated category of DQ dimension is contextual
quality. It is unsurprising because every organization tries their best for extracting
contexts from big data. Two dimensions from contextual quality are dominant in the

Table 4. Number of cases from correlation pair between big data characteristics and DQ
dimension
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finding, i.e. value-added and timeliness. Since today’s organizations struggle creating
business value from the data (Reid et al. 2015), the value from use of the data needs
ample research. Another dominant correlated DQ dimension is accessibility which
sounds the awareness of the financial service organizations to compliance.

6 Conclusion

The objective of this paper is to investigate the relation between big data and data quality.
This study is among the first that investigated the complex relationship. To attain the
objective, we conducted literature review, online and offline case studies infinancial service
organizations. Seven online case studies were initially performed to reveal the correlation,
followed by three offline studies for cross-referencing and refining the findings. DQ issues
raised from the case studies are then coded and mapped into the corresponding pair of big
data characteristic andDQdimension using content analysis. This provided detailed insight
into the relationships between the V’s of big data and dimensions of DQ. The Vs’ take a
blackbox perspective on the data. It characterizes the data form the outside.Meanwhile, DQ
is about the actual data and can only be determined when investigating the data and by
opening the blackbox. The V’s characteristics and DQ are similar in the sense that they
provide insight about the data. They are complementary as the V’s take a look from the
outside and at the possible usage, whereas, DQ look at the actual datasets.

The most related pair is Velocity-Timeliness, which indicates the more rapid the data
being generated and processed, the better timely the data to use. This is followed by
Variety-Ease of operations (more data sources and more varied structure of the data, the
more complexity to retrieve, exploit, analyze and visualize the data), Variety-Value (the
more data sources andmore varied structure of the data resulting inmore difficult to create
value from the data), Visibility-Value (the more hidden relationship within the data, the
more difficult to create value from the data) andVast resources-Value (themore resources
needed to process the data, the more difficult to create value from the data). Except for
Viability and Volatility all Vs of big data influence DQ. Concise representation and
access security were not found to be DQ issues in the cases. Variety is the most dominant
factor impacting all categories of DQ, followed by Validity and Veracity. This suggest
that term ‘big data’ is misleading as in our research we found that most of the time volume
(‘big’) was not an issue and variety, validity and veracity is much more important.

Our findings suggest that organizations should take care of managing the variety of
data and also ensure the validity and veracity of big data. The most correlated category
of DQ dimension is contextual quality, which includes value and timeliness as the most
dominant correlated DQ dimensions, followed by accessibility. These findings suggest
that more effort should be spent on improving contextual use of the data as well as
ensuring long-term accessibility to the data.

Further research recommendation is to cross-reference the findings with big data
implementation in other information-intensive domains, such as telecommunication,
government, and retail for generalization. This findings also open avenue to develop
tools to improve and manage big DQ.
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Abstract. Big data is said to provide many benefits. However, as data origi-
nates from multiple sources with different quality, big data is not easy to use.
Representational quality refers to the concise and consistent representation of
data to allow ease of understanding of the data and interpretability. In this paper,
we investigate the challenges in creating representational quality of big data.
Two case studies are investigated to understand the challenges emerging from
big data. Our findings suggest that the veracity and velocity of big data makes
interpretation more difficult. Our findings also suggest that decisions are made
ad-hoc and decision-makers often are not able to understand the ins and outs.
Sense-making is one of the main challenges in big data. Taking a naturalistic
decision-making view can be used to understand the challenges of big data
processing, interpretation and use in decision-making better. We recommend
that big data research should focus more on easy interpretation of the data.

Keywords: Big data � Interpretation � Sense-making
Naturalistic decision making

1 Introduction

Big data can provide a number of benefits such as better understanding the customers,
effective and efficient the marketing effort and fraud prevention & detection, all aiming
for creating a competitive advantage (Beattie and Meara 2013; LaValle et al. 2013).
Gaining these advantages is not easy as big data often originates from multiple sources,
each having different and varying data quality (DQ). The diversity of formats and
difference in quality makes big data complex to manage (Wahyudi and Janssen 2016).

DQ is defined “as its scale of fitness for use by data consumers” (Wang and Strong
1996, p. 6) which implies broad characteristics, i.e. not only intrinsic properties of the
data but also other aspects, such as representation, accessibility and value-creation
context (Wang and Strong 1996; Wang et al. 2002). Representational Data Quality
(RDQ), a subset of DQ, emphasizes how the data is structured and comprehended by the
data consumers (Wang and Strong 1996, p. 21). It is represented by dimensions such as
understandability, interpretability, consistent representation, and concise representation.

RDQ varies due to veracity and variety of big data. Inclusion of multiple sources
brings varied levels of trustworthiness, interpretability, and representation. RDQ issues
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such as lack of metadata, heterogenous sampling periods, different meaning of termi-
nologies, unstructured or semi-structured representation, variety of data format, and
lack of a primary key on data are reported in literature as challenges for extracting
values from big data (Hilbert 2016; Zuiderwijk et al. 2012).

Such issues create a complex endeavor to any organization for interpreting big data
for subsequent use like a decision making (Janssen et al. 2016). First interpretation
problem is that stakeholders’ interpretation often unfit to the senses so that it inhibits
further action (Weick et al. 2005). Moreover, multiple interpretations on the same
dataset are often occurred in a multiactor environment.

Many studies often take one viewpoint, such as focus on e data (Leavitt 2013; Qiu
2016; Yaqoob et al. 2016; Zhou et al. 2014), the process or solution (Geerdink 2013;
Merelli et al. 2014; Scarf 2015; Wahyudi et al. 2018), or the action (Hofmann 2015;
Osuszek et al. 2016; Power 2014; The Economist Intelligence Unit 2012). An per-
spective including all phases from raw data to the decision-making and including data,
process and organizational aspects is missing. Such a perspective should help us to
arrive at a broader, socio-tech view of big data challenges.

This paper looks at the process from big data to a decision making in an integrated
manner. We start by providing the background of big data representational quality.
Next, the literature is surveyed to identify the challenges of big data RDQ according to
the big data usage cycle. In Sect. 4, we discuss our research approaches. Two cases
regarding big data interpretation are presented in Sect. 5, i.e. a case in a telecom and a
case in a manufacturing company. We elaborate the findings in more details in Sect. 6.
Finally, the conclusions are drawn in Sect. 7.

2 Big Data Representational Quality

Turning big data into a decision is influenced by contractual governance, relational
governance, big data analytics capability, knowledge exchange, collaboration, process
integration and standardization, flexible infrastructure, staff, decision maker quality,
and data quality of the big data sources (Janssen et al. 2016). Low quality big data
provides little value, hinders people to interpret it, and results in questionable decisions.

DQ is defined “as its scale of fitness for use by data consumers” (Wang and Strong
1996, p. 6). This implies that DQ ranges from internal dimensions such as accuracy and
completeness to wider properties such as relevance to the task in hand, how secured the
method of data retrieval, and how easy the data to be operated.

Representational Data Quality (RDQ) emphasizes how the data is structured and
comprehended by the data consumers. It includes “aspects related to the format of the
data (i.e. concise representation and consistent representation) and the meaning of the
data (understandability and interpretability)” (Wang and Strong 1996, p. 21). Concise
and consistent representation describe how well and persistent is the content structure
of the data. The extent of data consumers’ acceptance of the data is specified by
understandability and interpretability.

The RDQ dimensions are defined as follow. Understandability is the extent to
which data are clear, unambiguity and easily comprehendible (Wang and Strong 1996).
Interpretability is the extent to which language, units and data definitions are clear
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(Wang and Strong 1996). Concise representation is the extent to which data are
compactly represented without being overwhelming (i.e., brief in presentation, yet
complete and to the point) (Wang and Strong 1996). Consistent representation is the
extent to which data are always presented in the same format and are compatible with
previous data (Lee 2002; Wand and Wang 1996).

RDQ covers many aspects and requires that data is structured and fully compre-
hended by the data consumers so that it is interpretable, easy to understand, and
represented in a concise and consistent manner. Yet, big data is often not structured.
Velocity and veracity often prevent this. RDQ can be decomposed of a number of
dimensions, including understandability, interpretability, concise representation, and
consistent representation.

3 RDQ Challenges in Literature

In this section, we discuss the big data usage lifecycle. In each step, the main chal-
lenges from the literature are discussed.

3.1 Big Data Usage Lifecycle: From Big Data to Decision

To analyze big data necessitates understanding of overall journey of big data value
creation, i.e. from big data to action. literature shows several steps for the big data
processes (Bizer et al. 2012; Chen et al. 2014). In this research we use four interactive
and iterative steps as depicted in Fig. 1. We refer to these steps as the big data usage
lifecycle, as the use of big data is a continuous learning process.

Big Data

Information 
Processing

Interpretation

Decision 
Making

Representational
Data Quality (DQ)

Big Data
Lifecycle

Sense-
Making

Naturalistic
Decision
Making (NDM)

Fig. 1. Big data usage lifecycle
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3.2 Challenges in Big Data Step

Big data is commonly described by its characteristics. Initial big data characteristics
consist of three V’s, i.e. Volume, Velocity, and Variety (Gartner 2001). Over time, the
number of V’s is expanding. Currently 11 V’s are identified, including Variability,
Veracity, Validity, Volatility, Visibility, Viability, Vast resources, Value (Fernández
et al. 2014; Leboeuf 2016; m-Brain n.d.).

From all characteristics of big data, RDQ is strongly related with the veracity and
variety (Katal et al. 2013). Veracity is the characteristic of big data that conveys
questionable trustworthiness of the data (e.g. authenticity, origin/reputation, avail-
ability, accountability) (Tee 2013). Meanwhile, variety imposes the use of various data
sources and diverse format (i.e. structured, semi-structured, unstructured data) (Dou-
glas 2001).

Internal big data (i.e. data sourced internally) is owned and managed by the
organization itself. As a consequence, the dataset usually has high RDQ, i.e. well-
presented, in a standardized format, concise and structured. Meanwhile, other datasets,
especially external large datasets (e.g. open data or social media), often have insuffi-
cient RDQ due to lack of proper description (e.g. unit) on observation records,
unstructured content, lack of metadata, missing a primary key, among many others.

Variety of data sources introduces various levels of understandability and inter-
pretability. Human-made image data, such as doctors’ handwritings in medical records,
is difficult for computers to interpret and analyze due to its unique style and the quality
of personal handwriting (Strong et al. 1997). The doctors’ coding system may also
differ from one hospital to another. Another example is the low resolution document
scans, which is also difficult to read and understand. Lack of metadata and the
observational unit creates an interpretability problem. Although the variable name is
usually known, the unit of measurement is not. This makes it difficult to interpret the
value of the variable. Multiple interpretation could occur without metadata since ter-
minologies may differ. Inclusion of unstructured contents is also problematic for
interpretation. Ermolayev et al. (2013) mentions 42% of respondents find unstructured
content e.g. social media and email, too difficult to interpret. Furthermore, 40% of
respondents believe that they have too much unstructured data (Zicari 2012).

Due to variety of big data, some data may not comply with the organization’s
quality standards, such as conciseness. Data may have multiple variables merged
together (e.g. variable income and population into variable per-capita) (Wickham
2012). Sawant (2013) mentions that 90% of data are noise and Gantz and Reinsel
(2011b) that only 0.5% of all data are analyzable.

Consistency is inevitably met with a variety of data sources and heterogeneous
systems. For example, currency in a U.S. database is mostly in dollar, whereas those in
a Japanese database are in yen. The format of date may also become an issue.

3.3 Challenges in the Information Processing Step

The V’s characterizing big data complicate information processing. Insights are mostly
derived from multiple diverse datasets (Wahyudi et al. 2018). Interpretation may begin
directly by looking at the content of observation on the raw dataset, such as rain
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precipitation in a dataset from a weather station. However, most interpretations are
resulted from multiple datasets combination, e.g. combination of weather data and
flight data to determine the impact of bad weather to the departure/arrival delay.
Combining many datasets needs a big data lifecycle that compromises of a number of
stages, such as discover, access, exploit, analyze, and manage (Wahyudi and Janssen
2016).

Discover involves activities for looking for the right datasets for the task at hand. In
discover stage, activities like search, quality assessment, and making an agreement with
data providers are important in matching relevant and required datasets.

Those data are retrieved in the Access stage. In the access stage, the stakeholders
retrieve datasets from the providers and pool them in a central repository, e.g. a data
lake. Exploit includes activities for data preparation and data transformation. In this
stage, the datasets are prepared, cleansed, combined, transformed, and aggregated using
different operations such as conditioning, filtering, manipulating, partitioning, refor-
matting, sorting, joining, merging, and grouping. In Analyze stage, the relationships
within the data are investigated by using a model or a set of hypotheses. Various
analytical methods are employed, e.g. predictive analytics, text mining, time series,
trade-off analytics, machine/deep learning, and natural language processing. Once the
data is processed, the result are disseminated and communicated to corresponding
stakeholders. A number of media are introduced for such purpose, e.g. a dashboard,
reports, alerts, or notifications (Matheus et al. 2018). This keeps the stakeholders
informed about the situation under concern.

Manage stage is the stage where all activities are orchestrated and managed to
ensure smooth data processing sequences. The functions include data catalogs, meta-
data, process integration, and security.

There are a number of RDQ challenges in this process. First, substantial efforts are
made to overcome multiple levels of conciseness and consistency. To get the data tidy
and homogenous, a number of activities, such as cleansing, normalizing, preparing,
transforming, and aggregating the data, need to be done in the Exploit stage. Inter-
pretability causes difficulties to analyze the data. The lack of primary key in the data
need more efforts to query and combine. Second, data with low interpretability is
difficult to analyze and integrate with other data. For example, combining multiple
datasets with a different sampling period and incorporating a dataset without a (clearly
explained) metadata is challenging in Analyze step.

3.4 Challenges in the Interpretation Step

Interpretation can be conducted on the raw dataset or on the processed information
from a data lifecycle which is further disseminated using different media (Matheus et al.
2018; Wahyudi et al. 2018). Interpretation of the data or processed data (i.e. infor-
mation) relies on sense-making. Sense or meaning is defined as “mental representation
of possible relationships among things, events, and relationships” (Baumeister 1991,
p. 15). Sense of data is made by using the sense-making process that relies on indi-
vidual sense-making capacity, carved out through work, experiences, and training.

Making sense of the data or information is referred to as sense-making. “Sense-
making is a way station on the road to a consensually constructed, coordinated system
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of action” (Taylor and Van Every 1999, p. 275). Sense-making is a process that has the
seven identifiable characteristics (Weick et al. 2005). First, it is grounded in identity
construction, meaning that sense-making is a subjective process where individual
change is derived from three fundamental needs: the need for self-enhancement, the
selfefficacy motive, and the need for self-consistency. Second, sense-making is a ret-
rospective process. People understand what they are doing only after the completion of
the action. Sense-making is a backward process that the future action is determined by
what the actor has learned in the past. Third, sense-making is enactive of sensible
environments. Sense-making is shaped by the context of the environment in which
people interact. Fourth, sense-making is a social process. People develop sensemaking
in an organizational network of collectively shared meanings and agreed vocabularies.
Fifth, sense-making is an ongoing process which neither starts nor stops. People chop
certain moments out of continuous flows and extract cues for these moments. Sixth,
sense-making is focused on and by extracted cues process. Seventh, sense-making is
driven by plausibility rather than accuracy. For individual perspective, plausibility is
more important than accuracy. People in any given situation are exposed to multiple
cues, with multiple meanings, often intended for multiple audiences. They should make
sense of it based on their capacity. The interpretation does not have to be accurate,
merely plausible and acceptable.

Sense-making occurs along the data lifecycle (i.e. from discover to analyze). If the
data fit in the stakeholder’s sense, he proceeds to the subsequent actions, i.e. make a
data-driven decision. However, it is not always the case. Misinterpretation or multi-
interpretation phenomena are trivial in a multi-actor environment comprising stake-
holders with different requirements and different levels of capacity such as knowledge,
expertise, and skill. Different persons on the same job probably have different meanings
on the same data. For example, an experienced sales manager may doubt information
about top sales area that is out of his prediction and sense that has been carved through
guidance, pattern, skill, and knowledge during his lifetime work. His initial prediction
that is the area where most of his clients reside may not come up on the dashboard. As a
result, he probably needs certain steps (e.g. validation of the information) prior to
taking further actions. A competent engineer may recognize a cause of certain machine
trouble just looking at few symptoms (i.e. fewer data). This is because he has trained
his sense through guidance, pattern, skill, training and knowledge that have been
encountered during his work. Meanwhile, others may need more datasets (e.g. envi-
ronment’s measures, machine logs) to understand the situation better. Their initial
prediction may not align with the information on the dashboard or report. Conse-
quently, validation of the information (e.g. more datasets that support the finding, other
hypotheses’ testing) prior to taking further actions.

Multi-interpretation occurs in a multiple-stakeholder situation when same infor-
mation is interpreted differently. Front-end units (e.g. customer retention department)
and back-end units may have a different interpretation of the same performance figure,
e.g. customer handling time. The front-end unit may not be satisfied with the figure
because the number of customers increases their dissatisfaction towards current service
delivery. On the other hand, as long as the figure complies with the performance
indicator or SLA targets, the back-end unit remains satisfied.
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Sense-making relies on RDQ. Low interpretability data such as the absence or
unclarity of metadata and the lack of convention of vocabularies or metrics within the
organization may cause misinterpretations. Unavailability of metadata and unclear
metadata descriptions create different interpretations among the data consumers. Multi-
interpretation could be a result of the lack of definition of vocabularies or metrics. For
example, throughput can be perceived differently by various stakeholders; some may
consider it as the end-to-end transfer rate while others may refer it to the actual
connection speed between the end user and the nearest point of the providers’
equipment.

3.5 Challenges in the Decision Making Step

People take actions by their interpretations of the situation. The sense-making inter-
pretation plays also an important role in the decision-making. Decision is primarily not
driven by a set of choices but subjectively. This is the area of naturalistic decision
making (NDM), which is “an attempt to understand how people make decisions in real-
world contexts that are meaningful and familiar to them” (Lipshitz and Klein 2001,
p. 332).

In a NDM four aspects are relevant. e.g. (1) process-oriented, (2) situation-action
matching decision rules, (3) context-bound information modeling and (4) empirical
based prescription. First, NDM views decision-making as a process-oriented activity
that focuses on the cognitive process of proficient decision makers rather than pre-
dicting which options will be implemented (Lipshitz and Klein 2001). This view is
complementary to big data which is often used to show various options and insights. To
be valid, NDM has to describe what information decision makers actually seek, how
they interpret it, and which decision rules they actually use. Second, NDM follows
situation-action matching decision rules. Proficient decision makers make a decision on
various forms of matching on the situation in hand and not by concurrent choices.
Appropriateness is more important than outcome superiority. Third, NDM is context
bound informal modeling. Proficient decision making is driven by experience-tied
knowledge. Last, NDM offers empirical-based prescription, namely deriving pre-
scriptions from descriptive models of expert performance.

There are a number of challenges in this step. First, very often the data or extracted
information unfits to stakeholder’s sense. Consequently, decision makers face a
dilemmatic situation when the information is different with their sense.

Another challenge is that sense-making and naturalistic decision making are dif-
ficult to standardize since they are subjective. They may work perfectly in individual
level but to code them as a standard in an organization and internalize the standard are
impossible.

3.6 Overview of RDQ Challenges

We summarize the RDQ challenges in every step of big data usage lifecycle in Table 1.
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Table 1. Summary of RDQ challenges

Big data
usage
lifecycle step

RDQ Challenges Descriptions References

Big data • Lack of proper
description (e.g. unit)
on variables

• Too much unstructured
content

• Lack of metadata
• Missing a primary key
• Unconcise variables (e.g.
date and hour in a single
variable)

• Inconsistency sampling
periods

• Inconsistent format of
observations due to use
of heterogeneous
systems

• Understandability issue
for machine (e.g.
human-made image and
low resolution
document)

Variety and veracity of
big data sources
introduced various level
of understandability,
interpretability,
conciseness, and
consistency

(Ermolayev et al. 2013;
Gantz and Reinsel
2011a; Sawant and Shah
2013; Wickham 2012;
Zicari 2012; Zuiderwijk
et al. 2012)

Information
processing

• Need substantial efforts
to overcome multiple
levels of conciseness
and consistency of big
data

• Data with low
interpretability is
difficult to analyze and
join with other data

Most insights need to be
extracted from multiple
big datasets with
different levels of RDQ
which require a big data
platform to process with
in a big data lifecycle

(Ji et al. 2012; Matheus
et al. 2018; Wahyudi
et al. 2018)

Interpretation • Low interpretability
data causes
misinterpretation

• People with different
levels of senses (due to
experiences and
capabilities) may have
different interpretation
on a data

• Multi-interpretation
occurs in a multiple-
stakeholder situation

Wrong or multiple
interpretations on the
same data might occur
among data consumers

(Baumeister 1991;
Taylor and Van Every
1999; Weick et al. 2005)

(continued)

Representational Quality Challenges of Big Data 527



4 Research Approach

This study investigates the challenges of RDQ of big data. To understand the process of
turning big data into the decision, we investigate real-life scenarios. This necessitates
deep understanding of the context (Dale et al. 1992; Davenport et al. 2010). Then we
can construct and decompose the decision-making process and divided it into notable
steps and concepts, described earlier.

We conduct a qualitative and comparative case study (Yin 2013) to gain deep
understanding about the process of big data decision making. Case study research is a
widely used in information systems research, and is well suited for investigating
organizational issues (Benbasat et al. 1987). We compared a telecommunication case
and a manufacturing case. They were selected because of variety of challenges and
aspects of representational quality.

The first case consists of six interviews with the people in charge of network
performance management in the operation department. They included the network
performance analyst/scientists, radio network specialists, big data platform engineer,
and network performance manager. The interviews were conducted through a video
call and lasted for 30–60 min. We also investigated various documents; service level
agreements, quarter reports (i.e. InfoMemo), network performance reports, SOPs,
manuals, and the network configuration document.

For the second case, twelve open-ended interviews were conducted. The intervie-
wees include Vice president of product management; Global product manager, Con-
dition monitoring engineer, Business development manager, PLM manager, Manager
conceptual design & analysis, Chief mechanical engineer, Quality engineer, Unit
manager, Finland; Sales manager, Northern Europe; Customer service engineer;
Development engineer. The open-ended interviews focused on different themes related

Table 1. (continued)

Big data
usage
lifecycle step

RDQ Challenges Descriptions References

Decision
making

• Frequently the extracted
information unfits to
stakeholder’s sense;
Decision makers faced
a dilemmatic situation
when the information is
different with their
sense

• Sense-making and
naturalistic decision
making is difficult to be
standardized in an
organization since they
introduces subjectivity

Decision is hardly made
naturalistically in case
the information
is out of sense

(Lipshitz and Klein
2001)
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to service development and information usage. The themes included information needs,
managerial practices, knowledge concepts, information technology and information
systems, and knowledge and network dynamics. The interviews were conducted face-
to-face in the company premises. They lasted for 30–90 min.

5 Case Studies

5.1 Case 1: From Network Performance Data to Network Optimization
Decision (Telecom Case)

Background. A mobile telecom company in Indonesia is the first case. As of
September 2017, 73% of the population of Indonesia are their subscribers. Around 152
thousand Base Transceiver Stations are serving the massive number of subscribers. In
2014, the company has been utilizing big data platform to support them in operation
and maintenance. Operational effectiveness and cost efficiency are strived to achieve
using the platform.

Findings. The telecom company utilizes big data for a multi-vendor scheme in their
business, but usually clusters the same brand in one region. However, in a specific
region, multi-vendor approach may occur as it supports faster service deployment and
keeps competitiveness among vendors high, e.g. in terms of price, performance, or
service. Inevitably, the company has to deal with the complexity raised by multi-vendor
environment.

Due to large customer base, the company collects vast amounts of data related to
connection activity, for example call detail records, connection records, cell handover
logs, authentication, authorization, and accounting records, and network performance
data. Every network device collects the data and pools it into a centralized operational
system support (OSS).

The first case study focuses on the network performance data, specifically the
dataset related to drop call rate (DCR). DCR is the fraction of the calls, which were cut
off before the speaking parties had finished their conversation and hung up. This
fraction is measured as a ratio to all calls, and usually denoted in percentage. The
bigger the ratio, the worse performance the network indicates. The company internally
aimed at DCR rate of less than 2%.

Each vendor has different terminologies and mechanisms to derive DCR. For
example, some vendors report DCR value directly in their proprietary applications
while the others did not directly report DCR but its components, i.e. the number of drop
calls and the number of total calls.

Regarding accessibility, also there are different data collection methods. Some
vendors allow data collection directly from their databases while some provide only a
streaming text file or a certain port for streaming the data. The network data is usually
at an aggregated level. Mostly the level of granularity is on base transceiver station
level although some providers may grant access to raw data, i.e. the network perfor-
mance counter record.

Representation quality of DCR-related data was good in the case. This is under-
standable as the variables have defined names (e.g. “dropped call rate”, “drop call”,
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“total call”), and their values are generated digitally. The data is easily interpretable
since its metadata is explicitly articulated in the vendors’ technical guidebook. Also, as
the variables (i.e. the number of calls) has no unit, its interpretation is easy. The data is
represented concisely as variables are not merged, and there is no consistent repre-
sentation issue since the values are integers and unitless. The level of granularity of the
data from every vendor is consistent.

The vendors have different naming conventions and data generation policies (such
as sampling period and granularity), so the DCR-related data need to be prepared,
tidied, filtered, and transformed before being aggregated on the level of base stations,
clusters, regions, or national.

Data delivery is managed at the vendors’ OSS from where the data is moved to the
data analytics cloud. Batch and real-time processing are separated in the vendors’ data
processing platform (Marz and Warren 2015). The batch layer retrieves the dataset and
stores it in the master copy. Then it pre-computes the batch views on updated master
datasets. The data is also forwarded to speed layer for real-time operation. This ensures
new data being represented in query functions quickly. Once new batch views are
available, the serving layer automatically swaps those in so that the most up-todate
results are available. The DCR figure is visualized in a Tableau dashboard. A number
of reports are also built by using Tableau application (Fig. 2).

Interpreting DCR values is subjective, i.e. it varies between the analysts. The values
may also contradict with the experienced field analysts’ presumptions, carved out from
everyday complaints (i.e. social and sensible to the environment). The analysts have
tacit understanding about problematic sites (i.e. retrospective aspect), so they perceived
it strange to have some clusters repeatedly harvesting complaints with a good DCR
value. On the other hand, areas with fewer complaint sometimes have higher DCR than
the more complaint areas (i.e. extracting specific cues aspect). Therefore, some areas
are plausible with the corresponding DCR, but others are not (i.e. plausibility aspect).

The interpretation problems hinder the operation managers to make decisions on
resource allocation for network optimization. He usually delegates the network per-
formance review process to the analysts (i.e. process-orientation aspect). Based on
his/her input, the manager may allocate resources to improve DCR of certain areas (i.e.
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Fig. 2. Big data platform (for processing DCR-related datasets)
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situation-matching decision rules aspect), and follow them up (i.e. appropriateness
aspect). He may also have experiences from previous network optimizations (i.e.
empirical-based prescription aspect) before deciding to proceed with allocating
resources (i.e. context-informal modeling aspect). As a response to the situation, the
manager postponed the network optimization. Instead he initiated an investigation on
finding how drop call value is derived or generated in every vendor’s OSS.

The investigation resulted that every vendor employs different definition for a drop
call. Every flow in a call flow could end the call, resulting different classes of call
terminations. Every vendor has their own interpretation of which termination classes
could be categorized as drop calls. Some vendors only include radio frequency ter-
mination while others include terminations that occurred in their own premises and
neglect drops in interconnected equipment, or even include all abnormal terminations.

Retrospectively, the findings indicate the interpretation quality of the DCR-related
data varies from initially good to poor due to different references used to define a drop
call. Standardization (i.e. which termination classes belong to a drop call) might restore
the interpretation quality of the data.

5.2 Case 2: From Maintenance Data to Decision (Manufacturing Case)

Background. The second case is a globally operating Finnish manufacturing company
of about 1000 employees and service partners, and operations in 15 countries. About
90% of their products are exported worldwide. Service business plays a minimal role as
only 1/3 of the turnover (total 105M€ in 2016) origins from services. In 2015, the
company wanted to increase this share by better utilizing internal and external data for
product maintenance and for advanced telemonitoring services.

Findings. The service development began with mapping the needs and current
maintenance processes and data available. In principle, the maintenance process was
adequate and well defined, with a limited number of actors; engineers and repairmen.
The products, when getting broken, are either fixed on-site (seldom) or disassembled
from the larger machine and shipped to Finland for maintenance work. However, there
is no standardized information system but the data was recorded on spreadsheets or text
documents, or on a very primitive database. The copies of these records were sent to
the customers, but not used for any other purpose or data analysis. There is evidently a
lot of room for improvements, new services, and new businesses.

When analyzing the data and the process in details, the situation turned out to be
worse than initially expected. Although the process was quite straightforward, it was
not documented, defined in details, or unambiguously supported. This meant that when
the engineers did their work, they did it in their own way, used the document template
(spreadsheets, text documents), the tool (paper, computer) and the style (database entry,
text entry, picture) they preferred, and documented the details as they found appro-
priate. All this made the latter use of data difficult.

Let us illustrate this with an example. One of the ideas for new services was the
ability to predict the machine (product) breaks. It was assumed that certain weather
conditions increase the failure likelihood. As every maintenance report included a
timestamp, testing this assumption was considered easy. It turned out to be impossible.
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The date information was ambiguous. It could indicate the time the machine breaks, the
time the broken part is unmounted, the time the part is sent to Finland to the company’s
premises, the time it arrives there, the time maintenance work begins – or the time it is
finished. The interpretation of the time stamp depended on the person filling in the
report, making the merge of date and weather impossible.

Service development was thus problematic from several points of views. Repre-
sentative data quality varies. Understandability was low as different data entries were
named differently or placed in different cells in the spreadsheet. Data interpretations
were impossible to make from the data and their consistency varied. On the other hand,
no variables were merged which kept the concise representation high. The processes to
record data, analyze it, and provide services were simple, but these problems prevented
smooth information processing and the development of different systems. Data quality
problems resulted that information needs and requirements for an information system
could not be generated. Initial assumptions about what information could and should be
used in the analysis and forthcoming services could not be tested.

The company had a hunch what could be interesting. They knew some variables
would correlate, but not how. Our trials resulted in 54 issues that the engineers con-
sidered making sense. Thus, from the sense-making perspective already partially
incomplete and poor quality data assisted in systems requirements specification, and
generally, what is needed in building big data analytics capabilities and new services.
This was the basis for decision-making in the development project, not for making
decisions by the data.

6 Discussion

We identified a number of challenges in interpreting big data for a data-driven action
from our cases. Those challenges are summarized in Table 1.

We summarize our findings from the two cases in Table 2. Different organizations
perceive the representational quality of big data in a different way due to the inclusion
of a variety of data sources. In Case 1, the telecom initially had a good representational
data quality of the relevant data, i.e. easy to understand, interpretable, concise repre-
sented, and consistently represented. Later on, they found out that they had a multiple
interpretation problem. In Case 2, the relevant data had low understandability, low
interpretability, and varied consistency.

To deal with varying data quality and to serve the organizations with a ready-
tocombine data that eventually leads to better user’s interpretation, big data platform is
required. As organizations may have the different legacy technology, business & IT
strategy, data objectives, resources availability, and environmental landscape, they may
have different requirements of the information system. The telecom in Case 1 had a
clear list of functionalities that a big data platform should possess to attain all big data
objectives within the organization. On the other hand, the requirements seem to be not
straightforward in the manufacturing company in Case 2 that a number of follow-up
actions need to be taken. The choice of big data solution, i.e. off-the-shelf commercial
or open sourced, may differ across organizations. In Case 1, the organization preferred
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Table 2. Summary of the challenges per step in the big data use cycle

Phase Description Case-1 Case-2

Data Representational Data
Quality
Understandibility:
extent to understand
the content
Interpretability: extent
of interpretation of the
content Concise
representation: how
concise the data is
represented Consistent
representation: how
consistent the
representation

Understandibility
Having proper
variable names,
digitally generated
(high)
Interpretability
Initial quality is high
(i.e. the metadata was
easy to understand);
but after first cycle, it is
found out that the data
had low interpretability
due the use of multiple
definitions Concise
representation
No variables were
merged
(high)
Consistent
representation The
variables had a
consistent format,
consistent granularity
level (high)

Understandibility
Different data entries
were named differently
or placed in different
cells in the spreadsheet
(low)
Interpretability
Multi-interpretation on
the timestamp of the
data (low) Concise
representation
No variables were
merged
(high)
Consistent
representation
Consistency is varied
depending on the
reporting unit
(low-high)
Problems with data
integrity, conformity,
and accuracy

Information
Processing

Big Data Lifecycle
Includes cyclic stages
of pro- cessing big data
to better inter-pret the
data, i.e. discover
access exploit
analyze manage

Deployed an
architecture for big
data platform: batch,
serving, and speed
layer using various
applications

Due to low
representation quality,
it is difficult to define
requirements for an
information system.
Problems with
technological support
and undefined data
collection practices

Interpretation Sense-making
Interpretation of raw
datasets or processed
information using the
individual sense that
has properties:
(1) subjective,
(2) retrospective,
(3) enactive of sensible
environments,
(4) social contextual,
(5) always ongoing,

Some DCRs are
appropriate, but some
are out of sense, i.e.
some cluster that
harvests many
complaints have a
good DCR, but fewer
complaint areas
sometimes have higher
DCR than the more
complaint areas

The engineers’ sense
indicated correlations
among some variables.
Problem with data
quality prevented the
testing of this
assumption

(continued)
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to use open-sourced big data solution because they did not want to depend on certain
providers and build their internal capabilities with customized solutions.

The processed information may be perceived in various ways by multiple stake-
holders within the organization. In Case 1, more experienced analysts perceived that
some DCRs did not make sense, while some juniors just took the data for granted. The
out-of-sense DCR represented some clusters that often harvest major complaints and
according to their sense should have bad network performance, unfortunately turn out
to have a good DCR. Meanwhile in Case 2, although the data quality is insufficient for
further interpretation, the engineers already had a sense of the data, e.g. some corre-
lations might exist among variables in the data. The properties of sense-making are
clearly indicated in the cases, such as subjectivity (e.g. multi-interpretation occurred),
retrospectiveness (e.g. interpretation quality that seems initially good turns out to be
problematic later on), enactiveness of sensible environments (e.g. customer perception
about the services did not match with the network performance data), social context
(e.g. dealing with perception of multiple actors and reaching multistakeholder con-
sensus), always ongoing process (e.g. DCR consensus may change over time
responding customer need and aligning organization’s dynamic goal), targeted cues
focus (e.g. only DCR-related information is relevant), and plausibility orientation (e.g.
the evaluation on DCR is to validate the appropriateness).

Certainly every organization has different types of decision that should be made.
For example, in Case 1 the operational manager had to decide on allocating resources
(i.e. worker, cost, time) for network optimization project based on his or his subor-
dinates’ interpretation of DCR information. Meanwhile, in Case 2, the decision was

Table 2. (continued)

Phase Description Case-1 Case-2

(6) targeted cues
focused, and
(7) plausibility-oriented

Decision Naturalistic Decision
Making Decision
making occurred at
individual level
relying on sense, that
is characterized by:
(1) process-oriented,
(2) situation-action
matching,
(3) appropriateness
seeking,
(4) context-bound
informal modeling,
(5) empirical-based

Decision made is
whether to allocate
resources (i.e. worker,
cost, time) for network
optimization project.
An investigation was
conducted on
inappropriate DCRs,
indicating the different
definition of drop call
among vendors. After
standardization, the
interpretation becomes
the same

Decision made is in
the development
project, i.e. what is
needed in building
analytics capabilities
and
new services
Problems with the
processes and
understanding what
the big data and say
and is actually wanted
or possible. This
resulted in poor
decision making
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made about what is needed in building analytics capabilities and new services in the
development project.

The way how the decision was taken in both cases suggested naturalistic manner. It
is indicated by a number of NDM properties such as process-oriented (e.g. operation
manager decision was based on analysts’ reviewing process and his interpretation),
situation-action matching (e.g. allocating resources for network optimization if the
DCR is low or giving good points in SLA for vendors if the DCR is high), appro-
priateness seeking (e.g. further investigation was required to validate the inappropriate
DCR), context-bound informal modelling (e.g. the sense of analysts automatically
mind modeled the DCR under concern), and empirical-based (e.g. determining which
network to be improved was carved out by working experiences).

Some recursive or retrospective actions most probably occurred. For example, in
Case 1, the multi-interpretation on the DCR further leads to a thorough investigation
about the appropriateness of the DCR. The investigation then revealed multiinterpre-
tation problem on each vendor’s data, i.e. they used a different definition of drop call in
an entire call flow. A countermeasure initiative such as employing a standardization
could help the organization to have the same interpretation.

7 Conclusion

Representational quality aspects affects how the decision-makers interpret the data. Big
data that are coming from multiple sources result in challenges representational data
quality (RDQ), which comprises understandability, interpretability, concise represen-
tation, and consistent representation of the data. One of the underlying cause is the
involvement of various stakeholders resulted in fragmentation as activities are con-
ducted by different people not being aware of what is happening in the whole process.
Studies focusing on this whole process are rare.

RDQ challenges in every phase of big data usage lifecycle. Variety and veracity of
big data sources introduced various level of understandability, interpretability, con-
ciseness, and consistency. Challenges like lack of proper description (e.g. unit) on
variables, too much unstructured content, lack of metadata, and among others are
encountered. Most insights need to be extracted from multiple big datasets with dif-
ferent levels of RDQ which require a big data platform to process with in a big data
lifecycle. The big data processes in the platform spans from discover to analyze. Data
consumers face a number of challenges to process big data such as requiring substantial
efforts to overcome multiple levels of conciseness and consistency of big data and
dealing with low interpretability data. The resulted information is subsequently inter-
preted by the data consumers by aligning the data with their sense. Different data
consumers may have wrong or multiple interpretations on the same data due to low
interpretability on the data, different levels of senses (due to experiences and capa-
bilities), and multiple-stakeholder environment. Interpretation supports data consumers
for performing a data-driven action such as decision making. A number of challenges
need to tackled, e.g. out of sense data hinders decision making and sense-making &
naturalistic decision making is difficult to be standardized in an organization since they
introduces subjectivity. As suggested by the literature and confirmed by the case
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studies, the sense-making is identified by a number of properties, e.g. subjectivity,
retrospective, enactive to sensible environments, social contextual, and plausibility
driven. Sense-making can be challenged by the data quality. If the data quality is poor
or poorly represented, its interpretations are consequently wrong. This may have sig-
nificant impacts on the big data and big data projects since bad experiences and war
stories get distributed.

The cases shows that RDQ challenges could occur in any stage of big data usage
cycle. In case 1, the organization intially perceived that the data has good RDQ.
However, their sense conflicted with the extracted information. Interpretability of the
data was then found out to be problematic due to the use of different definitions of a
certain terminology in a multi-vendor environment. On the other hand, in Case 2 were
no terminology issues. There the challenges largely origin from poor quality data,
which could not be intergrated. In both cases, there were RDQ challenges at the very
beginning of the lifecycle. They just emerged differently, and for different reasons.
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Abstract. The enterprise resource planning (ERP) adoption and use phe-
nomenon has attracted much of the attention of production researchers over the
last two to three decades. Through a systematic literature review, the purpose of
this paper is to conduct a detailed examination of the investigation of ERP
adoption and use in production research, more specifically. The paper provides a
synthetic view of the various research approaches and designs having been used
and presents an overview of the studied: vendors/systems, ERP deployment types,
implementation outcomes, benefits, critical success factors, risk factors and effects
based on identified 61 articles. Further research directions are proposed including
the urgent need for researchers to examine ERP implementation with regards to
IoT, big data analytics, machine learning and blockchain. The contribution of this
study lies in the provided taxonomy, the detailed description of classifications, the
adopted methodology, and the identification of research gaps.

Keywords: ERP � Adoption and use � Literature review � Research agenda

1 Introduction

Running a business today is more and more difficult, especially with the evolving
environment, the constant search for efficiency, and the more and more complex
integration of sophisticated technologies. To manage a company effectively, the
implementation of an Enterprise Resource Planning (ERP) system seems to be a logical
and straightforward solution, provided it is wisely used. However, despite the promise
of a high operational and strategic impact (if a sound business process analysis is
performed), it remains challenging to easily familiarize with the use of ERPs (in order
to manage computerised data exchanges) and to integrate software packages within
them. As a result, ERPs have gradually become an important focus for a number of
academic and corporate investigations over the past two to three decades. The existing
literature on this subject has attributed several qualifiers to ERPs: the ‘most strategic
and most valuable tool with which to develop and improve a firm’s competitiveness’
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(p. 94) [1]; the ‘single biggest information technology (IT) investment an organisation
can make’ (p. 1037) [2]; a ‘link through the entire supply chain aimed at best industry
and management practices’ (p. 537) [3]; the ‘most widely accepted choices to obtain
competitive advantage’ (p. 397) [4]; and even the ‘most difficult system development
projects’ (p. 1236) [5]. The rationale behind such statements is that ERPs have thor-
oughly transformed modern-day businesses. Not only have they improved coordination
and task efficiency [6] while standardising the flow of management information [1],
they also have been able to provide a total integrated solution for the organisation’s
information-processing requests [2] and to facilitate inter-firm relationships [7].

According to [8], the global ERP market is expected to reach $41.69 billion by
2020, with manufacturing & services being the highest revenue generating segment.
Also, forecasts indicate that new business functions and on-premise deployments will
be the highest income generating segments shortly. North America is also forecast to be
the highest revenue generating geographic region. According to Panorama’s annual
independent analysis of the titans of the ERP market from October 2015 to November
2016 [9], the distribution industry represents 35% of the ERP market, followed by the
manufacturing industry (29%) and the education sector (23%). They are mostly used by
organisations with at least $50 M in annual revenue. A total of 17% of the companies
tend to implement ERPs to improve business performance, 14% to ensure compliance,
14% to make employees’ jobs easier, and 13% to better integrate systems across
locations. An important number of organisations (67%) implement on-premise ERPs,
27% implement them on demand (SaaS), and only 6% implement cloud-based ERPs.
This limited implementation of cloud-based ERP solutions is mainly due to the per-
ceived risk of data losses (72%) and security breaches (12%). 70% of organisations are
reported to have customised 26–50% of the software code in their ERPs. 27% hired
consultants to manage implementation, 22% to provide organisational change man-
agement support, and 19% to conduct unbiased software selection. While more than
70% of organisations focused on organisational change management, about 75%
improved all their business processes. Despite the overall excitement and interest in
ERPs at all levels, little effort has been done to organise the large bulk of ERP literature
in a way that can facilitate research and enable a better understanding of the role of
ERP systems in production. Thus, the purpose of this study is to provide an overview
of our current body of literature on ERPs and to propose a structured classification
framework that accurately depicts the state of ERP adoption and use research in pro-
duction. The research objectives are set as follows:

1. Develop a classification framework to categorise the articles dealing with ERP
adoption and use in production research;

2. Use the classification framework to classify and summarise all relevant articles;
3. Propose future research directions where the implementation and deployment of

ERPs are likely to have significant impacts.

In the following section, we present the research materials and implemented
research method. The results are then presented in a subsequent section. Finally, the
results are discussed while we present their implications for research and practice, and
provide future research directions.
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2 Methodology

The methodological approach adopted for this study is a systematic literature review.
The review process was developed based on those used by [10] on Big Data, [11, 12]
on ERP-related topics. The review process consisted of three steps: (i) developing a
classification framework; (ii) conducting the literature review; and (iii) classifying and
analysing the relevant journal articles. This classification framework focuses on journal
articles dealing with topics related to the adoption and use of ERP in supply chain,
production, and manufacturing. Specifically, seven dimensions related to ERP were
used to build the framework: (i) research approach; (ii) system vendor; (iii) deployment
type; (iv) implementation outcome; (v) benefits; (vi) risk factors and effects; and
(vii) critical success factors. In this study, research approach refers to the plans and the
procedures for research that span the steps from broad assumptions to detailed
methods of data collection, analysis, and interpretation [13]. System vendor refers to
the enterprise that manufactures or sells ERP systems or software. Deployment type
refers to the hosting option chosen by a company using ERP functionalities to
streamline operations. Implementation outcome refers to the effects of deliberate and
purposive actions to implement ERP systems [14]. Benefits refers to the added value an
organization expects or perceives after an ERP investment. Risk factors and effects
refers to factors that create uncertainty in the ERP environment, the effects they may
have on the organisation and the decisions made thereafter. Critical success factors
refer to the key areas that management needs to focus on to achieve ERP performance
goals. A broad literature search was conducted during the month of October 2017
looking for research articles having used the terms ERP or ‘Enterprise Resource
Planning’ in their body. This search was restricted to the International Journal of
Production Research because the authors considered it to be highly representative of
the research conducted on ERPs in the field of production. Given the journal’s fame
and age, it is one of the oldest and most cited journals in the domain. At the end of the
search, a total of 321 articles were selected, the abstracts and references of which were
downloaded into EndNote reference management software while their full texts were
downloaded into a computer for sorting, leading to the identification of 61 relevant
articles for this study. Articles deemed irrelevant were discarded; and this was the case
when ERP was not the main theme of the article or when it was cited superficially. The
61 articles were then classified into the seven dimensions of the framework. The
classification process was rigorous but rather subjective. However, each author indi-
vidually pegged each article into the framework dimensions, while disagreements were
discussed during work sessions. Classification disagreements were resolved through
votes. After justification, the authors voted on disagreements and the highest vote won.
If there was a tie, the final decision was made by the principal investigator.

3 Results

Figure 1 and Table 1 show that publications on ERP adoption and use in production
research only started in 1999 with 1 article. In 2002, 5 publications on the topic were
recorded, accounting for 8% of the total number of articles reviewed in this study. After
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a slight decrease in 2003 and 2004, an increase in publication volume was observed in
2005, with 7 articles published in the domain. The highest number of articles was
recorded in 2007 (9 articles), which dropped significantly until 2012, where it stood at
8 articles. Since, then, the number of publications in the domain has dropped to 1
article by the end of 2016.

As shown in Table 1, 28% (17 of 61 articles) of publications on ERP adoption and
use relied on a using mixed methods design. 21% of the articles (13) were conceptual
while 20% (12 articles) adopted a non-conventional approach (e.g., ethnography, living
laboratory…). Authors of 11% of articles (7) used case studies, 8% (5 articles) used
literature reviews and experiments, and only 3% (2 articles) approached the topic using
surveys.

Table 2 reveals that 74% (45 articles) of the reviewed articles do not focus on any
specific ERP, as they only address general issues in relation to ERP and production.
However, 15% (9 articles) focus on SAP systems, and 3% (2 articles) focus on Oracle
ERPs. Also, 8% (5 articles) of the publications focus on several ERPs for reasons such
as comparison or integration. Of the 16 articles that addressed specific ERPs, 13 of
them (21% of the total number of articles reviewed) focused on ERPs deployed on
premises (Table 3). Two articles (3% of the total number of articles reviewed) dealt
with software as a service (SaaS) ERPs, and only one (2% of the total number of
articles reviewed) was about cloud-based ERP systems.

ERP benefits were classified (Table 4) according to the acknowledged framework
developed by [74]. The analysis revealed that, operational ERP benefits are the most
represented (28%) in production research than any of the other benefits. The most
prominent operational benefits are cost reduction (8%), productivity improvement (8%)
and customer service improvement (7%). Managerial benefits are the second most
important category, accounting for 19% of the total number of identified ERP benefits,
the most represented benefits being improved decision making and planning (8%) and
performance improvement (8%). Strategic benefits (8%), IT infrastructure benefits
(4%) and organisational benefits (4%) benefits were the least represented categories.

Fig. 1. Year of publication
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The well acknowledged risk factors and effects framework from [75] was used to
analyse our pool of research outlets. Articles were classified in terms of both identified
risk factors (Table 5) and risk effects (Table 6). Table 7 regroups risk effects into
‘macro’ risk classes. The main ERP risk factors that were identified include inadequate
change management (8%), inadequate selection (7%), low top management

Table 1. Classification by research approach

Research approaches Articles # of
articles

%

Mixed methods (e.g.
survey + case study)

[15] survey + simulation model; [16]; [17];
[18]; [19]; [20]; [21]; [22] survey + SEM; [23]
survey + SEM; [24] Theoretical model & case
study; [25] Theoretical model & case study;
[26] Formal method + case study; [5]
Model + illustrative example; [27]
Framework + case study; [28]
Framework + case study; [29]
Framework + simulation study; [30]
Model + case study

17 28%

Conceptual [31]; [32]; [33]; [34]; [35]; [36]; [37]; [38];
[39]; [40]; [41]; [42]; [43]

13 21%

Others (e.g.,
ethnography, living
laboratory)

[44] literature review + interviews; [45]
‘collaborative project between academia and
industry’; [46] ‘performance evaluation
model’ + empirical analysis; [47] Algorithm
creation + real data test; [48] New
framework + numerical example + extensive
analysis; [49] Discusses the limitations of
SCOR analysis + case study; [50] Ontology
and semantic integration in SAP ERP; [51]
Fuzzy AHP methodology + case study; [52]
Guidelines + case studies as examples; [53]
Algorithm creation + case study; [54] Field
study; [55] Two-stages approach: development
of model & numerical simulation

12 20%

Case study [56]; [57]; [58]; [59]; [60]; [61]; [4] 7 11%
Review [62]; [63]; [64]; [65]; [66] 5 8%
Experiment [67] model + simulation experiment; [68]

model + simulation experiment; [69]
model + simulation experiment; [70]; [71]
simulation experiment

5 8%

Survey [72]; [73] 2 3%
Total 61 100%

Note: The texts correspond to the elements referred to in the citation. Each article and
corresponding texts are separated by a semicolon. Only articles that need precision have texts
next to them
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involvement (7%), inadequate BPR (7%), ineffective consulting service (5%), and
inadequate IT system use (5%). The corresponding risk effects include budget exceeds
(10%), poor business performance (8%), time exceeds (7%), project stop (5%), and low
degree of integration and flexibility (5%). The classification by macro-level risk classes
revealed that process failure, interaction failure and correspondence failure each make
up 11% of the risk effects, while expectation failure accounted for 8%.

Table 2. Classification by ERP vendor/system

ERP
vendor/system

Articles # of
articles

%

Generic (N/A) [31]; [24]; [32]; [15]; [16]; [43]; [62]; [67]; [18]; [44];
[63]; [34]; [64]; [68]; [56]; [29]; [35]; [45]; [36]; [37];
[26]; [20]; [65]; [69]; [46]; [71]; [21]; [47]; [48]; [66];
[49]; [39]; [40]; [41]; [22]; [51]; [52]; [70]; [42]; [72];
[60]; [61]; [27]; [28]; [23]

45 74%

SAP [25] SAP R/3; [38] SAP R/3; [50]; [58]; [53]; [5] SAP
R/3; [59]; [55]; [30] SAP2

9 15%

Several [19] SAP R/3, Mfg-PRO, BAAN; [4] Microsoft
Navision, SAP, Infor ERP system, Exact Globe ERP;
[73] BOPSE, SAP; [54]; [17] SAP, Oracle, Baan,
SSA, QAD/MFG PRO, JD Edwards

5 8%

Oracle [33] Oracle database, RDBMS, Developer/2000; [57];
Oracle AIM

2 3%

Total 61 100%

Note: The texts correspond to the elements referred to in the citation. Each article and
corresponding texts are separated by a semicolon. Only articles that need precision have texts
next to them.

Table 3. Classification by deployment type

ERP
deployment
type

Articles # of
articles

%

On-premise [17]; [25]; [56]; [19]; [57]; [58]; [59]; [28]; [53]; [5];
[30]; [55]; [4]

13 81%

SaaS [33] P: 2610–2611: ‘client/server structures’, ‘software
application’; [27] P: 145/146: ‘ERPoutsourced process’

2 13%

Cloud-ERP [36] p5126: ‘web-based ERP component’ 1 6%
Total 16 100%

Note: The texts correspond to the elements referred to in the citation. Each article and
corresponding texts are separated by a semicolon. Only articles that need precision have texts
next to them
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Table 8 classifies the selected articles by critical success factors based on the
factors identified by [44, 46]. 23% of the articles identify business process reengi-
neering (BPR), system integration, and minimum software customization as critical
success factors for ERP implementation projects. System flexibility and expansibility,
and cross-department and cross-region application, are also regarded as critical success
factors in 10% and 8% of articles respectively. The following factors was identified by
exactly 7% of the reviewed articles: change management program and culture; com-
patibility between application structure and database; the professional capacity of
consulting companies; project management; service quality level of consulting com-
panies; support of top management; and training quality improvement.

Table 4. Classification by benefits

Benefits Sub benefits Articles # of
articles

%

Operational Cost reduction [67]; [69];
[48]; [72]; [5]

5 14%

Cycle time reduction [24] 1 3%
Productivity improvement [57]; [45];

[19]; [5]; [4]
5 14%

Quality improvement [19]; [16] 2 5%
Customer services improvement [43]; [67];

[45]; [57]
4 11%

Managerial Better resource management [43]; [16] 2 5%
Improved decision making and
planning

[56]; [35];
[45]; [47]; [4]

5 14%

Performance improvement [20]; [39];
[22]; [5]; [16]

5 14%

Support business growth [4] 1 3%
Build business innovations [22] 1 3%

Strategic Build cost leadership [19] 1 3%
Build external linkages (customers
and suppliers)

[38] 1 3%

IT
infrastructure

Build business flexibility for
current and future changes

[22] 1 3%

Increased IT infrastructure
capability

[47] 1 3%

Organizational Support organizational changes [17] 1 1 3%
Empowerment [5] 1 3%
Total 37 100%
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Table 5. Classification by risk factors

Risk factors Articles # of
articles

%

Inadequate change management [16]; [34]; [45];
[51]; [72]

5 13%

Inadequate selection [16]; [44]; [5] 4 10%
Low top management involvement [44]; [34]; [46];

[72]
4 10%

Inadequate BPR [17]; [45]; [46];
[5]

4 10%

Ineffective consulting service [56]; [19]; [5] 3 8%
Inadequate IT system use [16]; [44]; [46] 3 8%
Poor team skills [16]; [44] 2 5%
Ineffective communication system [44]; [46] 2 5%
Inadequate training and instruction [56]; [21] 2 5%
Complex architecture and high number of
implementation modules

[34]; [45] 2 5%

Inadequate IT system maintainability [44]; [56] 2 5%
Low key user involvement [72] 1 3%
Bad managerial conduct [44] 1 3%
Ineffective project management techniques [44] 1 3%
Inadequate legacy system management [16] 1 3%
Poor leadership [44] 1 3%
Inadequate IT supplier stability and performances [16] 1 3%

Total 39 100%

Table 6. Classification by risk effects

Risk effects Articles # of
articles

%

Budget exceed [16]; [44]; [56]; [45]; [71];
[21];

6 24%

Poor business performance [17]; [19]; [46]; [48]; [22] 5 20%
Time exceed [44]; [56]; [45]; [21] 4 16%
Project stop [16]; [45]; [4] 3 12%
Low degree of integration and flexibility [48]; [40]; [51] 3 12%
Bad financial/economic performance
organisation

[40, 48] 2 8%

Low organisation and process fitting [48] 1 4%
Low strategic goals fitting [48] 1 4%

Total 25 100%
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Table 7. Classification by risk effect macro-classes

Risk effects – Macro-Classes Articles # of articles %

Process failure [16]; [44]; [56]; [45]; [71]; [21]; [4] 7 27%
Interaction failure [17]; [19]; [46]; [48]; [22]; [40]; [51] 7 27%
Correspondence failure [17]; [19]; [46]; [48]; [22]; [40]; [51] 7 27%
Expectation failure [17]; [19]; [46]; [48]; [22] 5 19%

Total 26 100%

Table 8. Classification by critical success factors

CSF Articles # of
articles

%

BPR, integration, and minimum
customization

[31]; [16]; [17]; [44]; [34]; [64]; [36]; [46];
[57]; [66]. [49]; [39]; [51]; [52]

14 15%

System flexibility &
expansibility

[24]; [17]; [36]; [46]; [66]; [39] 6 7%

Cross-department & cross-
region application

[16]; [67]; [64]; [20]; [46] 5 5%

Change management program
and culture

[24]; [16]; [44]; [28] 4 4%

Compatibility between
application structure & database

[16]; [67]; [34]; [46] 4 4%

Professional capacity of
consulting company

[31]; [16]; [46]; [72] 4 4%

Project management [31]; [16]; [44]; [38] 4 4%
Service quality level of
consulting company

[16]; [46]; [5]; [76] 4 4%

Support of top management [16]; [44]; [46]; [72] 4 4%
Training quality improvement [34]; [56]; [46]; [39] 4 4%
Adjustment of the internal
organisation structure

[46]; [66]; [54] 3 3%

Software development, testing,
and troubleshooting

[44]; [5]; [25] 3 3%

Cost of implementation [56]; [47]; [72] 3 3%
Information quality [65]; [5]; [76] 3 3%
Business plan and vision [16]; [44] 2 2%
Communication with consulting
company

[46]; [5] 2 2%

Development of ERP
implementation strategies

[64]; [46] 2 2%

Implementation rationality
checking

[24]; [46] 2 2%

(continued)

ERP Adoption and Use in Production 547



4 Discussion

The first direct observation that can be made from this literature review is that journal
publications on ERP adoption and use started in production research by 1999 and
became very popular in 2007. Following a rather constant decrease during the four
subsequent years, another peak of publications occurred in 2012 and 2013. Given that
this study is based on a single journal, it is possible that this contradictory development
in the results is due to number of publications accepted by the journal each year. With
the proliferation of articles on ERP, many journals became more critical about the
articles they accept on the topic to avoid redundancies.

Most of the studies on the topic were conducted using a mixed-methods approach.
This research design has the benefit of being able to address confirmatory and
exploratory research questions simultaneously and provide stronger inference than a
single method [77]. The application of this approach in the study of ERP adoption and
use in production research, has helped to develop a deep understanding and to
inductively generate new theoretical insights on the subject. The identified articles
having relied on such approach opted for a combination of surveys with simulations,
case studies and structural equation models (SEM). Others combined frameworks and
models with simulations, illustrative examples and case studies. Conceptual papers
were the second most represented category. Such studies typically aimed at focusing on
identifying and defining ideas related to the topic, thus helping the readers to better
understand the principles or generalizations regarding different aspects of ERP

Table 8. (continued)

CSF Articles # of
articles

%

IT system quality of the supplier [46]; [65] 2 2%
Project champion [16]; [44] 2 2%
System capability [17]; [46] 2 2%
Technology alignment with
business processes and needs

[34]; [45] 2 2%

Choice of software & vendor [19]; [76] 2 2%
Monitoring and evaluation of
performance

[44] 1 1%

Improvement of personnel
cooperation and adaptation

[46] 1 1%

Objective management [46] 1 1%
Teamwork and composition [72] 1 1%
Implementation time and ROI [56] 1 1%
Proper resource allocation [45] 1 1%
System usefulness [65] 1 1%
Capacity of internal IT
personnel

[54] 1 1%

Total 91 100%
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adoption and use. A number of papers relying on less ‘conventional’ approaches such
as algorithm creation, performance evaluation models, and fuzzy AHP methodology,
were also identified.

Most of the literature that was reviewed did not focus on specific ERP vendors or
systems. This may be attributed to the fact that most papers concentrated on factors
affecting the adoption and use of ERP and its integration with production units irre-
spective of the vendor. However, among the articles dealing with specific ERPs, SAP
ERPs were the most popular systems under investigation. There were also several
publications on different ERP types, especially in the area of the integration of multiple
ERPs into companies’ production processes. Nowadays, organisations tend to prefer
ERP systems to be deployed on-premise or on-demand (SaaS). In this review, most of
the ERPs that were studied relied on on-premise deployment even though on-demand
solutions have become trendy and very cost-effective compared to on-premise solu-
tions. Data security and customization have remained major concerns regarding the
implementation of on-demand solutions [78, 79]. Therefore, the choice to integrate
production processes through either on-premise or cloud-based ERPs has remained a
matter of business priorities between high levels of customization and security (on-
premises) or low operational cost (SaaS) [80].

Most of the reviewed papers did not focus on the implementation outcomes of
ERPs in production, addressing only other aspects such as requirements, selection,
adoption, integration, and planning. However, all the publications that provided
information on ERP implementation clearly indicated positive outcomes in terms of
implementation. The main implication that can be drawn from such result is that there
is to date no research on failed ERP projects in production. Research efforts in this area
need to be encouraged and welcome as they could provide important insights about the
other side of the ERP implementation coin.

Our results fully corroborate with [81] who found that the benefits of ERP adoption
and use in production are mostly operational and managerial, and that there were no
significant benefits in terms of IT infrastructure and organisation. The main operational
benefits include product improvement, cost reduction, and customer service improve-
ment. ERPs are very instrumental in Product Lifecycle Management (PLM), providing
operational benefits as indicated above [82]. There are also managerial benefits such as
performance improvement and improved decision-making planning. ERP vendors today
have started adding business intelligence (BI) capabilities to their ERP systems to meet
the needs of companies who seek tomake themost of their data [83]. This adds substantial
value to ERPs since this allows the access of information on production processes directly
from ERP modules and provides performance insights in real time [84].

When analysing the risk factors and effects of ERP adoption and use, six main risk
factors were recurrently observed: inadequate change management, inadequate ERP
selection, low top management involvement, inadequate Business Process Reengi-
neering (BPR), ineffective consulting service, and inadequate IT system use. These
factors lead mostly to process, interaction and correspondence failures. The main
effects of these risks on a company range from budget exceed, poor business perfor-
mance and time exceed to project stop and low degree of integration and flexibility.
Further studies could be carried out based on these results to more clearly identify the
existence of dependencies between these factors [75]. In this study, the most
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Table 9. Future research questions for ERP studies

ERP research streams Relevant theories Future research questions for ERP in
production research

Strategy, culture,
leadership, and
organization

Resource based theory [89],
Competitive strategy [90],
dynamic capability theory [91]

How can organizations ensure business
alignment, ERP and strategic analytics in
the emerging data economy?
Which ERP architecture will lead to the
competitive advantage in the IoT
landscape?
How can organizations develop
capabilities in IoT, big data, machine
learning and blockchain to leverage
digital transformation?

How can dynamic analytics capabilities
be developed using big data to address
uncertainty?

Information systems and
technology management

Transaction cost theory [92, 93] What are the key issues related to the
design of various interfaces between ERP
and IoT-enabled connected devices?

What is the impact of ERP on lean
operations and quality management?

How can organizations better use insights
from ERP and relevant analytics to
achieve operational excellence?

What is the impact of ERP and analytics
in various sectors (e.g., healthcare, retail
industry, and manufacturing)?

Data quality, cloud
infrastructure, privacy and
security, blockchain

IT quality theory [94], IS success
theory [95, 96], Sociomateriality
of IT [97]

What factors influence governance,
security, and privacy in the next
generation ERP?
How can a firm leverage ERP to generate,
acquire, transform and integrate big data?
How can a firm leverage a cloud-based
platform to produce data and business
value?
How ERP can be used to develop data-
driven innovations?
Should firms continue with the dominant
onpremise ERP strategy or move toward
ERP as SaaS or a cloud-based ERP
system?

Overarching value IT business value [98], business
value of analytics [99]

How do ERP-integrated analytics,
machine learning and blockchain
influence each other to enhance
competitive advantage?

How do organizations deal with ERP
implementation to diversify themselves?

How do organizations capitalize on ERP
to extract value?

What factors influence ERP
implementation at different stages?
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represented critical success factors (CSF) are BPR, integration and minimum cus-
tomization, and system flexibility and expansibility. Indeed, BPR, system integration,
and customization are well-known CSFs in ERP implementation [85, 86]. However,
system flexibility and expansibility do not appear in a majority of ERP CSF frame-
works. This highlights their rather ignored but particular importance in the specific
context of production processes.

5 Conclusion and Future Research Directions

There remains a number of limitations that need to be taken into consideration. One is
that the study is based solely on articles from the International Journal of Production
Research. Our results thus provide a representative but imprecise depiction of ERP
adoption and use research in the production field. Furthermore, despite the rigorous
sorting of identified papers, their selection and classification remains subjective to some
extent. The authors have done their best at mitigating the risks and biases that such
relative subjectivity could engender.

Overall, this systematic review offers a clear overview of the current body of
knowledge on ERP adoption and use in production. Firstly, this research contributes to
research and management perspectives, emphasizing the importance of ERP adoption
and use in production and enabling a better understanding of the role and impact of
ERPs in production. Secondly, the study presents a general taxonomy for ERP adop-
tion and use and identifies key elements that are relevant to production research.
Finally, managers at all level are offered critical insights for the formulation and
execution of ERP implementation strategies during operations. The proposed classifi-
cation framework can be used by companies to address issues ranging from the
selection of the right ERP system and the right ERP deployment type to the planning of
risk management strategies. The research findings show that managers can implement
ERP systems for production operations and have successful outcomes. This research
work can eventually help managers to better grasp the most relevant benefits of ERP
adoption and use, the related CSFs, and the associated risks to be overcome in the area
of production.

Moreover, it is in the interest of managers and researchers to recognise the con-
tribution of ERP systems in production and to assess changes in operational perfor-
mance at both the modular and the system levels [87]. In fact, present-day ERP system
can catalyse the application of lean production practices [88]. Some even suggest that
managers should first adopt an ERP as the backbone of company operations before
deploying any other enterprise systems (ES), such as SCM systems [81]. Thus, further
research is needed on the adoption of modern ERPs to meet their operational
requirements in other areas.

One of the major contributions of this paper is to set out a systematic review which
results can be used by managers to improve ERP adoption and use in production
environments. It shows the current state of research on the topic, proposing other
research angles for future studies. Organizations could enjoy several operational and
managerial benefits through the successful adoption and use of ERPs for production.
They could leverage the information ecosystem created by ERPs to improve their
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products and reduce cost through supply chain optimization and improved customer
services. This study also identified many aspects of ERP adoption and use that can be
explored in the area of production and beyond. For example, the development of a
comprehensive conceptual framework is needed to fully and efficiently capture the
business value that can be derived from the adoption and use of ERPs. Future research
may also consider developing explanatory and predictive theories related to BPR, ERP
deployment, performance, and decision-making process.

The contribution of this study lies in that it establishes a taxonomy of publications
on ERPs in the domain of production, provides a detailed description of core aspects in
this regard, and sets out an efficient methodology to be followed. Besides, it identified
research gaps and proposed research questions. The review and developed taxonomy
should serve as a starting point for the development of more up-to-date and improved
insights on the topic. Legacy issues or areas having had limited attention, such as IoT,
big data, machine learning and blockchain, are clearly identified and should be the
focus of future research. Furthermore, the research perspectives highlighted in Table 9
can be extended and used in the development of a research agenda for future studies in
this domain. We conclude by emphasizing the urgent need for more research efforts on
ERP deployment types and implementation outcomes, as organisations need such
information to replicate best practices and avoid pitfalls. This will be very useful for
managers seeking to optimize organisational performance, competitive advantage, and
business results during implementation.
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Abstract. In the current era of digitization and the rise of e-commerce sector
over the past decade, it becomes essential to identify and address issues sur-
rounding e-commerce logistics. The current study addresses the problem of
location based inventory routing for delivery from warehouse to various desti-
nations. The study uses a dynamic meta-heuristic approach, Ant Colony Opti-
mization (ACO), to solve this problem in e-commerce. A sensitivity analysis is
done to identify the coefficient values to be fixed for the ACO Engine. The
longitude and latitude coordinates from Google Maps are mapped to distance
metrics between the warehouse and the delivery destinations for orders to be
delivered on a particular day. The analysis is conducted for a total of 346
locations and the total distance to be travelled came out to be 690.29 km using
the proposed approach. Findings of the study can be applicable in multiple
domains of e-commerce logistics and other graph based routing problems.

Keywords: Inventory routing problem � E-commerce
Ant colony optimization � Location inventory problem
Travelling salesman problem

1 Introduction

India has an Internet user base of over 460 Million1 (as per Statista) with approximately
6 million new users being added every month. This huge inflow of internet users has
opened several business avenues. The buying and selling of products and services over
the internet is often referred to as e-commerce. The buying and selling of goods have
seen some tremendous growth in past decades. The number of e-commerce consumers
is exponentially increasing day by day. Further, the growth of smart phones and
internet is contributing to this exponential growth in this e-commerce sector. In
emerging economy like India, China, Indonesia and Brazil amongst others, the e-
commerce presence is expanding every year as the consumer is becoming comfortable
in online shopping.

1 https://www.statista.com/topics/2157/internet-usage-in-india/.
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Apart from online payments made towards these purchases, cash on delivery is a
dominating payment method especially in India [1]. The retail market of India is
expecting growth of from 2.5% in 2016 to 5% in 2020 [2]. Further, the total valuation
of e-commerce market in India was estimated at 27.5 billion USD in 2016 and the
expected growth of e-commerce industry is at a CAGR of 31% which can touch 30
billion USD in 2020 [3]. As per the Indian e-commerce industry analysis the e-
commerce industry of India is going upward and it is expected to surpass the US in
2034. It is expected to become the second largest next only to China. The growth is
triggered by the surrounding ecosystem. Increase in the internet reach and smart phone
penetration enables the Indian users to take this leap.

For any e-commerce company, customer satisfaction and service level is deter-
mined by three important decisions including facility location decision, inventory
decision and transportation decision [4]. The current study, however, caters primarily to
the strategic warehouse location and transportation optimization. The study focuses on
a combination of location inventory problem, location routing problem and the
inventory routing problem. The advancement of information technology with infor-
mation capturing as the focus that is available during real-time operations opens several
new research directions [5].

Machine learning in the current scenario, is often used in interpreting huge volume
of data and is proven to be very helpful in decision making [6]. Thus, the current study
also explores swarm intelligence in context of online retail logistic operation opti-
mization. Swarm intelligence algorithms are inspired by social insects such as honey
bees, bird flocks, ants or any other social animal. For the dynamicity of routing in e-
commerce, this study specifically focuses on ant colony optimization for solving the
Location based Inventory Routing Problem (LIRP). These swarm based approaches
have found applications in domains as varied as energy [7], wireless networks [8],
social media content popularity [9] and spam [10], scheduling and resource manage-
ment [11] amongst others. The subsequent subsections focus on the review of existing
literature, the research methodology adopted and the findings of the study.

2 Related Work

The academic literature illustrates on several approaches that have been proposed for
the Vehicle Routing Problem (VRP). These can be broadly classified as classical
heuristics, these are exact solutions and were developed mostly from 1960–1990, and
meta-heuristics that provide approximate solutions and have become popular over the
last few decades [12, 13]. Literature also highlights the emerging importance of vehicle
routing and meta-heuristics, specifically in the form of nature inspired and swarm
intelligence algorithms.

This section discusses the literature surrounding heuristic solutions to routing
problems and applications of swarm intelligence in various domains. The solutions to
vehicle routing problems were available as early as 1960s [13]. The classical heuristics
follow a merging and assigning process, where the technique merges existing routes
using savings criteria where the aim is to minimize the route length followed by the
assignment of vertices to routes using insertion cost [14]. Other methods include the
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sequential improvement [15, 16], the sweep algorithm [17], petal algorithms [18] and
clusterfirst, route-second approach [19]. Other existing studies with exact solutions
were using mathematical models like spanning tree [20]. Gendreau et al. [21] proposed
a Tabu search heuristic approach for solving the same.

The exact mathematical and heuristic solutions for vehicle routing problems were
followed by meta-heuristics, probabilistic models like meta-strategy simulated
annealing is also used for approximating to a globally optimum solution for the
problem [22]. Bio-inspired computing algorithms are being popularly used in various
case scenarios including classification, clustering, regression and outlier detection
problems [23–26]. Further, literature also has evidences of theories inspired from
nature, an ant based system is used for finding the shortest path for the vehicle for
routing [27]. The literature has proposed hybrid meta-heuristic approaches to solve
hard combinatorial optimization problems like the ones under consideration in this
study. Studies also focus on Genetic Algorithms and many of its hybrid variants with
and without trip delimiters for solving the problem at hand [28]. Any feasible chro-
mosome sequence is an optimal route that can be used by the vehicle.

This study focuses on using the existing ant colony optimization for routing [29] in
the e-commerce domain. With the current explosion in the e-commerce sector, the need
to provide an optimal route for delivery through the same warehouse is a great example
of the existing Travelling Salesman Problem. This can be used to solve logistic
problems optimally. The subsequent section discusses the proposed approach, the
dataset used and the findings of the study.

3 Research Methodology

For the purpose of simplicity the current study works on some assumptions that only
one vehicle will do the delivery, only Delhi and Gurgaon is used as the location, a
warehouse captures the Delhi and Gurgaon location and that the vehicle returns back to
warehouse. For capturing the address location as latitude and longitude, the Google
Maps API is used. Further, ant colony optimization is applied for the current Travelling
Salesman Problem (TSP) [30]. The algorithm is adopted with slight modification for
the current vehicle routing problem since routing has to start from the warehouse and
not randomly. Figure 1 illustrates the process followed for getting the best route for
solving the location based inventory problem in the study.

3.1 Data Description

Online Retail data has been adopted from University of California machine learning
repository. The data contain record of 293 days sales record with 541909 entries as
represented in Table 1. Further, an extra column has been added to data file with the
Delhi and Gurgaon addresses. A total of 468 addresses have been chosen and mapped
to online retail data. For Delhi, North, South, East and West Delhi has been considered.
Similarly, for Gurgaon, the areas have been divided in urban and rural.

The subsequent subsection discusses the ACO engine and how the routing can be
modeled mathematically.
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Fig. 1. Diagrammatic representation of ACO based vehicle routing

Table 1. Snapshot of dataset and mapped reference address

Invoice
no

Description Unit
price

Reference address

536365 White Hanging Heart T-
Light Holder

2.55 Chaukhandi, West Delhi, 110015, Delhi

536367 White Metal Lantern 3.39 Artemis Hospital, Gurgaon, HR
536368 Cream Cupid Hearts

Coat Hanger
2.75 Anand Parbat Indl. area, Central Delhi-05, Delhi

536369 Knitted Union Flag Hot
Water Bottle

3.39 Kalkaji, South Delhi, 110019, Delhi

536370 Red Woolly Hottie
White Heart.

3.39 Sector-46, Gurgaon, Haryana

536371 Set 7 Babushka Nesting
Boxes

7.65 Sec-8, Gurgaon, Haryana

536372 Glass Star Frosted T-
Light Holder

4.25 Railwary Road, Gurgaon, 122006, Haryana

536373 Hand Warmer Union
Jack

1.85 Prometric Testing Center, DLF Infinity Tower A,
Sec-25, Gurugram, HR

536374 Hand Warmer Red Polka
Dot

1.85 Union Public service Commission, Delhi-110069

536375 Assorted Colour Bird
Ornament

1.69 Sec-76, Gurgaon, Haryana

536376 Poppy’s Playhouse
Bedroom

2.1 Sec-89, Gurgaon, Haryana

536377 Poppy’s Playhouse
Kitchen

2.1 Spazedge, 435-436, Tower-B, Malibu Town,
Sec-47, Gurugram, HR
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3.2 Mathematical Model

The ACO is a probabilistic meta-heuristic technique which can be used for identifying
an optimal path in the graph based on behavior of ants travelling a path between the ant
colony and the food source. The current study passes the distance metrics for vehicle
routing to the ACO engine and the mathematical formulation/model for the same is
elaborated in the current sub-section. The section discusses how ACO’s pheromone
trail update process can be utilized for seeking an optimal path from the warehouse to
different destinations.

For the purpose of analysis, historical data is used to find the area which has
received maximum number of orders which is basically the mode in the data. This
helps in identifying the location where the warehouse can be established. Now, for the
purpose of vehicle routing, the Google Maps API is used to identify the latitude
(LAT) and longitude (LNG) of the address location that is further converted in meters
for computing the distance between the two address i and j using the Haversine
Formula [31] as per Eqs. 1–3.

X ¼ sin2
DLAT
2

� �
þ cos LAT1 � cos LAT2 � sin2 DLNG

2

� �
ð1Þ

Y ¼ 2 � X � tan 2
ffiffiffiffi
X

p
;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Xð Þ

p� �
ð2Þ

Distance ¼ R � Y ; ð3Þ

where R is the radius of the earth (Mean Radius = 6,371 km).
After calculating the distance between addresses we need to construct the distance

graph so that every demand point is represented by a variable V1, V2, V3, … … … Vn

with variable Vi having values Value1, Value2, Value3,…… … Valuen. The graph thus
constructed would be G = (V, n) and the total number of vertices in the graph becomes
n * (n − 1)/2. Each variable Vi vertex vi,j having value Valueij. The graph has a single
root node (warehouse) from where the routing run is initiated leading to creation of a
bidirectional symmetric graph.

The current study uses the ant system algorithm which is the first variant of ACO
algorithm [32, 33]. The ant system works on pheromone values that are updated by all
the ants completing their tour. The problem comprises of a network flow model where
the ants have a probability (Probx,y) that helps them to choose the path to be taken. This
path is from a node x to node y in the flow network. Every path has a probability
associated with it which is given by Eq. 4.

Probx;y ¼
sax;y

� �
ub
x;y

� �
P

sax;y

� �
ub
x;y

� � ; ð4Þ

where sx,y is the pheromone amount present on path from node x to node y.
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ux,y, represents the desirability of the path from node x to node y and is often the
inverse of the distance between x and y i.e. lesser the distance (often Euclidean dis-
tance), greater is the path desirability as expressed in Eq. 5.

ux;y ¼
1

distx;y
ð5Þ

Lastly, a is a constant representative of the importance given to a particular
pheromone trail and b is a constant which represents the importance given to the
vision/ant memory. To find the appropriate values for a and b, a sensitivity analysis is
conducted for achieving optimum results.

Further, once the probability for each path is computed, the pheromone trails need
to be updated after every iteration depending on the paths chosen by the traveling ants.
These trails are updated by the ants that have updated their tour as per Eq. 6.

sx;y ¼ 1 � qð Þ:sx;y þ
Xi

z¼1
Dszx;y; ð6Þ

where i represents the number of ants in the colony, q is the evaporation rate of the
pheromone and Dszx;y is indicative of the amount of pheromone deposited by zth ant on
the path from node x to node y (i.e. edge (x, y) in the flow network (Eq. 7).

Dszx;y ¼
1

LenTourz
if an ant z travels path x to y

0 otherwise

� �
; ð7Þ

where LenTourz is the length of the tour of ant z.
In the current sceanrio of online retail, the source will always be the warehouse and

destinations would be the addresses on which the packages are to be delivered. The
result of the above ACO engine gives the optimal path for routing which is used for
location based inventory delivery. To achive optimal results, certain metrics in the
ACO model need to be fixed for which a sensitivity analysis is conducted.

4 Sensitivity Analysis

For the purpose of finding out the optimal vehicle route the ACO is used which is able
to find a sub-optimal path. As discussed in the mathematical model, the importance of
visibility of pheromone trails can be controlled via Alpha (a), Beta (b) and Rho (q),
these values need to be identified for optimal results. Further, the ACO engine runs for
a particular number of iterations updating the paths in very iteration. The optimization
is often directly proportional to the number of ant agents and number of iterations.
However, the same needs to be identified and set. This section also explores various
combinations of number of ant and number of iterations to achieve the most optimal
routing path. Figure 2 represents the plots for all coefficients for sensitivity analysis.
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The current study uses ACO to solve the location based inventory routing problem
for delivery of packages for an online retail firm. The study uses a sensitivity analysis
to identify values for coefficients that result in the most optimal route for delivering the
inventory. Table 2 summarizes the coefficients used in the ACO engine to generate the
path.

The above variables are fed into the model for routing the vehicle from the
warehouse to the destinations. Figure 3 illustrates the optimal path generated from the
ACO engine in terms of longitude and latitude coordinates.

The total number of locations are 346 and the total distance to be travelled is
690.29 km as identified through the sensitivity analysis.

Fig. 2. Sensitivity analysis of ACO engine coefficients
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5 Conclusion and Future Scope

Ant colony optimization is one of the possible solution of location based inventory
routing problem. It is able to find the sub-optimal route in dynamic routing as com-
pared to any static algorithm like Dijkstra, Prim’s or Kruskal. This study analyzes
ordinal data find the Sub optimal path. The optimization increases as the number of ants
and number of iterations increased. The ACO engine can be used in various machine
learning applications including both supervised an unsupervised techniques and proves
to be reusable in variety of applications. ACO has the ability to adapt to the situation at
hand and take corrective action and thus it is well suited for solving problems in
dynamic environments like online retail.

This study highlights how powerful ACO is and how the positive feedback system
can be used as an optimization tool. ACO can also be used as a broader class of
problems. The computation power required for application of the algorithm in case
scenarios is quite high. Other possible applications of ACO could be an integration
with neural network [34], immune network [35], evolution strategies [36], genetic
algorithms [37], job scheduling and project scheduling among others.

We believe there is further scope of the optimization and further work can be done
in area of improvement of ACO. The approach can be combined with other static

Table 2. Coefficient values for ACO engine

Coefficients Values

Number of iterations 100
Alpha (a) 1.0
Beta (b) 5.0
Rho value (q) 0.6
Number of ants 10
Distance 690288.22

Fig. 3. Optimal routing vehicle path using ACO
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algorithms for taking advantage of the benefits of both for dynamicity of the problems.
For a multi-warehouse problem, a clustering algorithm can also be integrated to cluster
the delivery locations keeping the warehouse as centroids and then using ACO for
generating the routes and assigning suitable delivery agents.
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Abstract. Social Media platforms play a major role in spreading information.
Twitter, is one such platform which is used by millions of people to share
information every day. Twitter with the recent introduction of a feature that
helps its users to attach images to a tweet has changed the dynamics of tweeting.
Many people now prefer to tweet with images. This study tries to analyse and
predict the popularity of such tweets. This study uses learning mechanisms like
decision tree, neural networks and random forests to learn the tweets posted by
people with a higher number of followers. Image parameters, network variables,
transactional, and historical variables of a tweet are identified and are trained for
predicting the test data. This study can help businesses to build better social
media tools, which allows customers to tweet data at the right time. This study
also identifies the contribution of various parameters that may help a tweet to go
viral.

Keywords: Twitter image � Neural network � Random forest � Decision tree
Popularity � Machine learning

1 Introduction

Millions of images are uploaded on internet every day and the number keeps on
increasing with popularity of social media platforms [1]. Social media platforms like
Snapchat, Instagram, Twitter and Facebook are basically used by its users to upload
pictures. Various studies show that more than 50% users login to photo sharing plat-
forms like Instagram and Snapchat daily [2]. Majority of the pictures uploaded are
ignored by the large share of users. However, certain posts or activities with images
gain the attraction of audience [3, 4]. Twitter is one of the most widely used platforms
by businesses. Twitter allows its users to share images along with the textual content.
This feature of tweets has brought in more users and audience. Further, research shows
tweets with media content have much better impressions, engagement, and shareability
[5]. Hence, businesses try to incorporate images when they post content in twitter.

The increase in image content usage has brought the attention of academicians,
researchers and businesses. Many tweets with image content performs better compared
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to those without images [6]. However, this is not always true. Various descriptive and
content related studies of twitter data [7] explains about popularity with respect to
textual data. These studies extract the text related variables in twitter data and perform
the analysis. It is therefore necessary to understand that, with the change in tweeting
pattern, do we have a change in parameters that will influence the popularity of tweets?

Businesses and individuals try to attach images to their tweets and with the better
connectivity, users prefer to get clarity, viewing the image related to textual data [8].
The increase in number of views, viewers retweets, favorites and other activities will
enhance the chances for a tweet to go popular. However, popularity also depends on
the user profile [9]. A celebrity with a million followers posting a tweet and getting 100
favorites, may not be counted as a popular tweet. Instead a person with 200 followers
getting a 100 favorites for a tweet could be counted as popular. Hence, it is necessary to
understand the history of users’ tweets and its reach to define popularity of a tweet.
Machine learning techniques are one of the best ways to perform classification [10] and
the tweets in our study needs to be classified to identify the popularity.

This study, tries to identify the features of tweets with images, which could make it
popular. This study will also establish a quantitative way to predict popularity of post
with images on social media platforms like twitter just before uploading it based on
transactional variables, image features, network variables, and historical social activi-
ties with the help of various machine learning models.

2 Literature Review

Many of the images that appear in SM goes viral [11]. This has really catapulted the
popularity of image focused platforms like Pinterest and Instagram in recent times. For
a category of images, studies tries to identify if there is a difference in the various
aspects of the images and the content that went popular and that did not [12]. The
image resolution, color strength, color combinations are some of these. A study on the
effect of thin and heavy weight images in Social Media Users [13] gives an idea of the
relevance of understanding the usage patterns of different images in SM users. Virality
in Social Media is explained using a SPIN framework [14], where, he demonstrates
factors like spreadability, propagativity, integration and nexus. A study done by
Garimella et al. [15] show how they used social media image analysis to identify the
health related issue of the people in a locality. Certain studies have been done to predict
the number of retweets and to obtain values for images in Flickr [16]. Study on the
virality of images in Google plus [17] explores the dynamics of the image content that
results in virality. Khosla et al., explains how the images become popular and explains
it using two factors namely, image content and social context. Deza and Parikh [19],
explains how images go viral from the computer vision perspective. However, besides
these studies, there hasn’t been much of an exploration in this domain of media
information propagation in SM.
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3 Methodology

The various steps involved in this study are described below

1. Collection of twitter data with images – This process includes the identification of
twitter profiles with more than 500 followers. The twitter data with images is
collected for a time period of three months ranging from Jan 2018 to March 2018
from these identified celebrity profiles.

2. Cleaning of twitter data. Identifying the tweets with images. Extracting the images
to a local path for processing.

3. Performing a descriptive analysis on the extracted tweets to identify the value for
various twitter parameters.

4. Performing an analysis on images to identify the value for image related parameters
like color detection, strength of the color and normalized value based on its
strength.

5. Loading all identified features including transactional variables, network features,
image features and user related parameters for learning and analysis. This involves
slicing and dicing of data to convert it in the format desired for the modelling.

6. Classify the data as training set and testing set. 75% of the tweets and its parameters
will be treated as a training set and the rest for testing.

7. Performing various learning techniques namely - Decision Trees, Random Forest,
and Neural Networks to analyze the data and identify the relevance of various
parameters in making tweets with images go viral. More techniques are used so as
to compare the result of the studies.

4 Data Collection

Twitter data was collected from profile ids which had more than 500 followers.
100 profiles were identified as celebrity profiles. Some of the profiles are listed below:

AskNimesh, AustralianSuper, AwesomityFun, AzharuddinKadri, Bayer, Bay-
er4CropsUS, BayerSuomi, BeShakespeare, BestLoveNotes, BombayTEXT, Boredwiki,
borusanholding, BoschEspana, Bupa, CaIuml5SOS, CapriceHoldings, Cargill, cast-
awaychild, cheth, CloroxCo, ClubSarcasm, coopuk, Djvasava.

Twitter Data was collected from these high profiles for a period of three months
starting from January 2018 to March 2018. Python 2.7 was used to extract the data
using Twitter APIs. MySQL database was used to store and query for the results. The
various parameters extracted include:

tweet_id, source, tweet_text, tweet_favorite_count, tweet_retweet_count,
tweet_created_at, listed_count, statuses_count, friends_count, location, favourites_-
count, name, screen_name, created_at, profile_background_image_url_https, verified,
profile_text_color, profile_image_url_https, media, media_url_https, coordinates,
hashtags, urls, and retweeted.
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4.1 Twitter Data Extraction

Basic building block of modelling exercise is the extraction of tweet (or post) features.
The more exhaustive the features are, more accurately we can predict. Feature engi-
neering is considered to have major share in modelling exercise and is therefore the
most crucial step. Following section describe various twitter features.

• Tweet_id: Twitter identifies every tweet differently by providing a unique ID; this
ID is called tweet_id.

• Source: This is the source through which, a user performs an activity in twitter. This
could be a mobile app or a web application. It is also identified at the granular level,
for e.g. twitter for mac.

• Text: Tweet shared or posted by a user on twitter platform comes as text field in the
API. All content of a tweet including html links, hashtag, etc. is received as part of
this tweet text.

• Favorite: Favorite field identifies number of likes received on post. This is an
independent variable that we have considered for modelling.

• Retweet: Retweet field identifies number of retweet received on post. This is the
second independent variable we have considered for modelling.

• Created at: This is timestamp at which the tweets are created. Timestamp is very
important variable for posting on twitter. There are millions of tweets generated
every hour, and if tweets are not done in the right timings, that is when your target
customers are online, you may miss engagement opportunity.

• Listed: Listed field shows number of times particular person is listed in some other
individual’s post. This shows how the demand and popularity of a person/celebrity.

• Statuses: This field shows number of tweets posted by the person till now. This is an
aggregate variable which shows activeness of a person on social media platform.

• Friends_count: Friends count is the count of people the person is following.
• Location: Location variable shows the places from where the tweets are originating.

A diverse location is better for data modelling so as to avoid any kind of bias in the
data.

• Favourites_count: This variable shows number of times a person liked tweets of
others. This shows social interaction of a person.

• Name: This field shows actual name of a person. A business can use this to identify
their target customer like if person is male or female, their religion, region etc.
derived from the name.

• Screen_name: Screen name is similar to a user name by which a person is known in
Twitter. This not required to be same as the given name.

• created_at: This field shows timestamp on which user created his/her profile on
twitter. You can use this variable to calculate age of a person on social media
platform.

• Media: This field shows, if tweets have any media content attached to it. This is an
important field since it helps us to filter tweets with images.

• Media_url_https: URL linked with media content.
• Retweeted: This indicates if a person shares a post created by his/her own. This it is

a very important variable for model building.
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From the identified profiles the authors extracted 35,721 tweets. Mean average of
favorites on the shortlisted posts are 101 whereas the mean of text size is 97 characters.
Table 1 gives the status of the data collected.

Location analysis indicates that 17% of the twitter data is from India and rest from
other parts of the world. 20% of the profiles did not specify their locations. Tweets
were collected from the identified celebrity profiles.

5 Data Analysis

The extraction of tweets and its various other parameters was then followed by the
analysis process. Tweets were cleaned to remove noise and other unwanted informa-
tion. From the downloaded 35,721 tweets only 7,767 tweets were identified to be fit for
this study. Other tweets did not have image content attached. Using the Media_url field,
images attached to every tweet was downloaded to a local path for faster processing.
The tweets with images were then processed for the training purpose. 75% of the data
was used for training the model. To identify the success rate of a tweet, following two
parameters were used.

• Average likes: This shows the average of favorites received by an individual for his
past 200 posts.

• Standard deviation of likes: This field shows standard deviation of favorites
received by the person in his or her last 200 posts.

If the number of favorites for a tweet exceeds average likes + 2 * standard deviation of
likes, then that tweet is considered to be as popular. 75% of the data was labelled as
popular and unpopular based on this observation. The image features were then cal-
culated to understand if any of image related parameters are influencing the popularity
of tweets.

• Image Feature: For this analysis, we have used image features as a quantitative
factor. There are two approaches to it, convert colors into a nominal value; other
way is to treat color as a continuous variable. This variable will then give a range of
continuous vales that can be better utilized in the model.

All set of variables are then grouped into four different sets

i. Historical variables: favorites_count, listed_count, statuses, average historical
likes, and standard deviations of likes; are categorized as historical variables.

Table 1. Data status

Avg.
favorites

Friends
count

Favorites
count

Text
length

Listed
count

Status
count

Mean 101.92 43912 4406.59 97.09 610.29 14134.91
Std. 323.92 93852.38 12765.5 37.65 1465.09 23852.17
Min. 0 0 0 22 0 73
Max. 1636 705145 187512 318 8980 177862
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ii. Transactional variables: Transaction variables are related with the current tweet.
Variables like Tweet Creation time (hour), Age of profile (year), tweet_len,
retweeted are type of transactional variables.

iii. Network variables: Variables like followers_count and friends_count are counted
as network of a person.

iv. Image Features: Colors in an image and strength of colors.

Different learning approaches where then used to learn and identify the importance
of these variables with respect to the popularity of a tweet. Decision Trees, Random
Forests and Neural Networks were used to understand this problem.

Decision Trees

Decision Tree is a decision based support tool which is often used as a machine
learning approach. A graph that looks like a tree is constructed where each intersection
or the node acts as a case for a test. The branches denote the outcome of these tests. It
includes chance nodes, decision nodes and end nodes. In this study we uses decision
tree to identify if a parameter is really contributing in twitter popularity. This is a
supervised learning algorithm. This study have used DecisionTreeClassifier package in
python.

Random Forests

Random forest is a supervised learning technique, used for regression, classification,
etc. Decisions trees habit of over fitting to the training sets are corrected by this
mechanism. It works by fitting number of decision trees by dividing samples, on the
overall dataset. Generally, sampling works through bagging technique. Average of
each decision tree is taken as the final outcome. RandomForestClassifier in python was
used for performing this task

Neural Networks

Neural network models are human brain inspired algorithms that are developed to work
in the same way our brain process information. Most common used in application form
of neural network is multilayer feed-forward network which have several layers, each
layer calculate information from its previous layer. Inputs from one node to another are
combined through a weighted linear equation. Output is modified based on algorithms
before sent as output to the other layer. Weights are generally taken as random values
which are passed through several layers. It is recommended to provide pre-learned
values to reduce calculation complexity while solving complex problems. MLPClas-
sifier from neural networks in python was used.

6 Results and Discussions

Figures 1 and 2 gives the importance of various features in case of Decision Trees and
Random forest separately. It is observed that historical variables contribute more
towards popularity. Table 2 compares the result of decision trees and random forests.
Tables 3, 4 and 5 gives the confusion matrix.
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Fig. 1. Feature importance in case of decision trees

Fig. 2. Feature importance in case of random forest

Table 2. Comparison of decision trees and random forests

Decision trees Random forests

Historical variables – 34% Historical variables – 37%
Transaction variable – 26% Transaction variable – 26%
Network variable – 14% Network variable – 12%
Image features – 26% Image features – 25%
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Results of the variable importance shows that how random forests are giving higher
weightages to the aggregated and real time variables and lower weightages to the
network and image features. As historical variables are the function of network vari-
ables, random forest is trying to avoid over fit on this data.

In both algorithms, comparatively a lower importance is given to the network
variables and image features. In the second part of analysis on confusion matrix, we
have seen higher recall for decision tree with less precision, whereas random forest and
neural network have higher precision and lower recall (see Table 6)

This study was successful in obtaining, low false negative rates followed by low
false positives. Results of confusion matrix is interesting for interpretation and com-
parisons. Key part of this study is the comparison of results obtained from the decision
tree with respect to the random forest method. Decision tree classification is a faster
method compared to random forest & neural networks, because it provides a simple
interpretation of the dependent variables, which is of interest for many studies.

Table 3. Confusion matrix and prediction for decision trees

Confusion matrix Predicted

Decision trees 0 1
Actual 0 1820 33

1 20 37

Table 4. Confusion matrix and prediction for random trees

Confusion matrix Predicted

Random forest 0 1
Actual 0 1,832 21

1 26 31

Table 5. Confusion matrix and prediction for neural networks

Confusion matrix Predicted

Neural networks 0 1
Actual 0 1834 19

1 25 32

Table 6. Precision and recall

Decision tree Random forest Neural network

Precision: 52.9% Precision: 59.4% Precision: 62.7%
Recall: 64.9% Recall: 54.4% Recall: 56.1%

574 N. Joseph et al.



7 Conclusion

In the light of analysis performed for prediction of tweet popularity based on different
factors like - transactional variables, image features, historical variables of the user, and
network variables - most important feature obtained was the historical and transactional
variables. This behavior has been proven both by decision tree and random forest
prediction mechanisms. Image features and network variables did not contribute much
to the popularity of the tweet. Increasing the parameters and observations for image and
network related parameters might be a problem of future interest. This study will help
social media tools to provide capability to automate their process, by helping the
businesses and customers to post their content while probability of tweets going viral is
comparatively higher. This study was successful in analyzing and predicting the
popularity of tweets with images.
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Abstract. The purpose of this paper is to review the literature on empirical
research examined Small and Medium size Enterprises (SMEs) from selected
journals. This has been achieved by reviewing the most examined constructs to
identify the key significant factors in the literature. The selected research papers
for reviewing are accessed from only high-ranking journals. The review
addressed technology adoption in the context of SMEs. The paper attempts
to review the studies based on technology-organisation-environment
(TOE) framework to identify the relevant set of variables for technology
adoption in SMEs. The most significant factors found to be relative advantage
and compatibility from the technological context, top management support and
size from the organizational context, and external pressure from the Environ-
mental context. This review intended to guide future researchers to improve the
predictive power of their examined models.

Keywords: Technology adoption � SMEs � TOE � Empirical research

1 Introduction

Small and Medium Enterprises (SMEs) are considered one of most significant sectors to
promote nations financial and economic growth [3]. SMEs are defined based on their
employment and economy figures as well as fixed assets and sales volumes. They
typically employ less than 500 workers. They are known for their major advantages
including employment creation at low capital cost, flexibility, and innovation [1, 59, 67].
Economies of most OCED nations comprise nearly 96% to 99% of small and medium
enterprises that account for 80% economic growth for those nations. Their existence is
evident in all developed and developing countries to the extent that GDPs for North
American and European countries today is contributed significantly by SMEs with 99%
of all businesses. Apart from that, around 70% job creation is credited to this sector [65].
SMEs are known for their significant role in driving the economic growth. Governments
of emerging nations and developed countries support SMEs sector through encouraging
public policies [3]. Large corporations, that normally play their central role in country’s
formal economy, could not effectively operate in absence of SMEs [2]. In fact, they
appear more leading where there’s a need to rely less on traditional resources and
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effectively support technology and human intellectual capital as they depends on
innovation, change adoption, creation of information and knowledge through strategic
disposition of knowledge capital [3, 5, 65].

The existence and growth of SMEs sustain through inter-organizational integration
and access to knowledge for which SMEs significantly need resources including
Information technology, networking, internet and social media, configurable platforms,
and prompt data processing models [1]. Such resources, especially information and
communications technology enable SMEs to operate cost-effectively, both at national
and international levels [5]. They need to earn and maintain competitive advantage
through improved service quality and product expansion, customer evaluations,
improved effectiveness and efficiency, cost reduction, and sales forecasting.

Research studies show that SMEs profit heavily by ICT in order to achieve sus-
tainable growth in developed economies [51, 79]. The beginning of last decade
observed a huge increase in the use of online platforms by businesses in the US and
Europe. It showed similar growth in other parts of the world where online business
ventures added billions to aggregate revenues [3]. Certain factors, however, affect
SMEs’ economic development and weaken their access to global markets, including
ICT adoption. This adoption of ICT by SMEs is yet to be explored fully. This study
will review the literature based on the TOE framework constructs in order to identify
relevant set of variables for technology adoption in SMEs.

2 Technology Adoption

Technology adoption is defined as the choice to obtain and use a new innovation [25].
The mental acceptance of a technology by an individual or an organization, and the
decision, by an individual or organization, to implement and utilize a technology [80].
Various models and theories have effectively explained technology adoption as vol-
untary individual behavior including; TAM, IDT, TRA, TRB, TOE, and UTAUT
proposed by [6, 17, 22, 62, 75, 77] respectively.

This technology adoption was categorized at three distinct levels: organization,
group, and team [25]. However, some studies show that TRA, TRB, and UTAUT are
more aimed at forecasting individual adoption as compared to organizational context.
In contrast, the TOE frameworks are mostly used at the organizational level to analyse
the technology adoption. In recent years, the TOE frameworks have gained significant
value among several authors who employ them to gain theoretical perspective on the
ICT adoption as well as to test its variables for acceptance of new technologies [87].

Even though IDT and TOE framework constructs are suitable for examining
organizational adoption, TOE frameworks are given more weight due to their addition
of new construct (i.e. environmental) in explaining the technology adoption. [87] found
TOE framework having more significance than the IDT in their theoretical evaluations.
As a result, this research study will consider organization-based research studies
established on TOE due to their high significance over other frameworks.
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3 TOE Framework

Tornatzky and Fleischer [75] initially developed the TOE framework in order to
analyse the organizational-level adoption of a number of information technology
products and services. Since then, TOE frameworks have emerged as significant the-
oretical perspectives by potential researchers studying technology adoption. The
addition of various distinct variables including technological, organizational, and
environmental in TOE framework has supplemented researchers to test and validate its
advantage over other adoption models w.r.t. their ability to technology use, technology
adoption, and value created by SMEs sector as a result of technology creation [25, 59].
Therefore, there are many reasons to employ the TOE framework due to its many
benefits including; its user adoption of ICT, its influence over value chain undertakings,
its implementation, its diffusion among organizations after the adoption, foreseeing
obstacles, its ability to develop better organizational competencies using the technol-
ogy, and other factors impacting business decisions related to innovation-adoption. All
three contexts of TOE framework, as explained by [75] influence the technological
innovation adoption of the framework and its implementation. The following sections
briefly outline those three contexts of Technological, Organizational, Environmental
(TOE) framework;

Technological Context: According to [15], technological context is set of those
variables that shadow their influence over individuals, organizations, and industries in
their process of adopting innovations. [18] Further divided it into five innovation
attributes that influence the possibility of adoption. A deep insight into technological
context reveals that the adoption relies on various technologies, both inside and outside
the organization. Moreover, it depends on application’s apparent relative advantage,
complexity in terms of learning curve, observability (imagination), compatibility (or-
ganizational as well as technical), and trialability (experimentation).

Organizational Context: organizational context comprises of organization’s culture,
business scope, top management’s support, organizational readiness, prior ICT
knowledge, owner innovativeness, information intensity, cost, and size [75].

Environmental Context: Factors facilitating or delaying areas of operation are cov-
ered under environmental context. [8, 65, 87] have captured a number of significant
factors including competitive pressure, socio-cultural issues, readiness of business
partners, government support and encouragement, and infrastructures for technology
support.

4 Empirical Studies on SMEs Innovation Adoption
from Select Journals

Based on the academic journal guide 2015, a literature review was directed to identify
the empirical publications conducted on SMEs innovation adoption from high-ranking
journals. Thirty-five journals has published empirical studies on SMEs innovation
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Table 1. Empirical studies on SMEs innovation adoption from select journals

ISSN Journal name AJG 2015
rating

ABS 2010
rating

Articles

0276-
7783

MIS quarterly 4 4 [32]

1047-
7047

Information systems research 4 4 [73, 84]

0025-
1909

Management science 4 4 [86]

0883-
9026

Journal of business venturing 4 4 [34, 63]

0022-
2437

Journal of marketing research 4 4 [24]

0047-
2506

Journal of international business studies 4 4 [27]

0143-
2095

Strategic management journal 4 4 [71]

1042-
2587

Entrepreneurship theory and practice 4 4 [48]

0090-
4848

Human resource management 4 4 [30]

0378-
7206

Information & management 3 3 [12, 16, 28, 31, 36, 46,
49, 54, 61]

0925-
5273

International journal of production
economics

3 3 [14]

0921-
898X

Small business economics 3 3 [19]

0963-
8687

Journal of strategic information system 3 3 [35]

0309-
0566

European journal of marketing 3 3 [38, 64]

0960-
085X

European journal of information systems 3 3 [53, 85, 87]

0305-
0483

Omega: the international journal of
management science

3 3 [56, 74]

1086-
4415

International journal of electronic commerce 3 3 [70]

0742-
1222

Journal of management information systems 4 3 [72]

0266-
2426

International small business journal 3 3 [45]

0166-
4972

Technovation 3 3 [44, 60, 83]

0047-
2778

Journal of small business management 3 3 [10, 78, 81]

1462-
6004

Journal of small business and enterprise
development

2 2 [21, 25, 39, 40, 58]

0003-
6846

Applied economics 2 2 [33]

(continued)
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Table 1. (continued)

ISSN Journal name AJG 2015
rating

ABS 2010
rating

Articles

0955-
534X

European business review 2 2 [37]

0887-
4417

Journal of computer information systems 2 2 [47]

1529-
3181

Communications of the association for
information systems

2 2 [52]

1062-
7375

Journal of global information management 2 2 [76]

0268-
4012

International journal of information
management

2 2 [43]

1086-
1718

Strategic change 2 2 [29]

1467-
0895

International journal of accounting
information systems

2 1 [11]

1019-
6781

Electronic markets 2 1 [7, 8, 41, 54, 82]

1741-
0398

Journal of enterprise information
management

2 1 [9, 13, 23, 59, 65, 69]

0263-
5577

Industrial management and data systems 2 1 [4, 26, 57, 68]

1741-
0401

International journal of productivity and
performance management

1 1 [50]

Total 35 68
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Fig. 1. Empirical studies conducted according to journal rating and year
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Table 2. Construct analysis the most significant factors affecting SMEs adoption

IV Significant Insignificant

Technological factors
R
A

DV: BI [43, 61]
DV:USE [9, 12, 25, 26, 28, 32, 33, 35, 36, 46, 47, 49,
52–56, 58, 65, 68, 70, 76]

DV:USE [7, 8]

C
B

DV:USE [4, 7–9, 12, 25, 26, 28, 35, 47, 49, 52, 54, 58,
68, 70, 76, 85]

C
X

DV:USE [8, 9, 49, 58, 61, 68, 76] DV: BI [43]
DV:USE [28, 35]

TR DV:USE [9, 35, 58, 59, 68, 82] DV:USE [8]
O
B

DV:USE [58, 68] DV:USE [8, 35, 59]

SC DV:USE [19, 21, 40, 68, 85]
Organizational factors
T
M
S

DV: BI [43]
DV:USE [9, 12, 14, 47, 49, 54–56, 58, 59, 65, 70, 84]

O
R

DV: BI [14]
DV:USE [28, 32, 36, 46, 47, 49, 52, 58, 59, 82, 86]

DV: BI [47]

PK DV:USE [7, 19, 26, 33, 40, 72–74, 76, 82] DV:USE [26, 58, 59]
OI DV:USE [7, 21, 25, 26, 33, 39, 72–74, 76, 82]
II DV: BI [26, 72, 74]

DV:USE [26, 37, 41, 54]
DV: BI [7, 70]

C
O

DV: BI [43]
DV:USE [4, 8, 21, 25, 40, 82, 84, 85]

DV:USE [7, 8, 26, 33,
35]

SI DV:USE [7, 9, 13, 19, 31, 49, 56, 58, 59, 69, 72–74, 76,
84, 87]

DV:USE [26, 33]

Environmental factors
EP DV:USE [14, 19, 26, 28, 32, 36, 46, 52, 56, 58, 76, 82,

84–87]
DV: BI [43]
DV:USE [7, 9, 33, 37, 47,
49, 59, 70]

CP DV: BI [43]
DV:USE [21, 26, 39, 41, 53, 65, 82, 87]

IS DV:USE [9, 14, 21, 31, 53, 54, 58, 69] DV:USE [59]
MS DV:USE [9, 33, 37, 58, 59, 84, 87] DV:USE [13, 86]
ES DV:USE [9, 26, 65, 82] DV:USE [7, 58, 59]

IV: Independent variable, DV: Dependent variable, BI: Behavioural Intention, RA: Relative
advantage, CB: Compatibility, CX: Complexity, TR: Trialability, OB: observability, SC:
Security, TMS: Top management support, OR: Organizational readiness, PK: ICT/IS Prior
knowledge, OI: Owner Innovativeness, II: Information Intensity, CO: Cost, SI: Size, EP: External
Pressure, CP: Consumer pressure, IS: Industry sector, MS: Market Scope, ES: External ICT
Support.
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adoption, ranging from 4* to 1* rating, and a total of sixty-eight studies was identified
(Table 1). These studies were conducted from 1995 to 2017, the highest number of
studies has took place in 2005 (Fig. 1).

Based on TOE framework, a construct analysis has conducted to identify the most
significant factors affecting SMEs adoption from the studies that has been identified in
Table 1. From the technological factors, six constructs has been identified including
relative advantage, compatibility, complexity, trialability, observability, and security.
From the organizational factors, seven constructs has been identified including top
management support, organizational readiness, prior ICT/IS knowledge, owner/
entrepreneurial innovativeness, information intensity, cost, and size. From the envi-
ronmental factors, five constructs has been identified including external/competitive
pressure, consumer pressure, industry sector, market scope, and external ICT support
(Table 2).

5 Summary and Conclusion

The current study makes a significant contribution for academics by reviewing the
literature of the empirical studies on SMEs innovation adoption from high-ranking
journals. A total of thirty-five journals have presented empirical research papers on
SMEs innovation adoption with sixty-eight different studies. The identified studies has
been conducted from 1995 to 2017. Based on the TOE framework, a review of the
constructs has directed to identify the most significant factors affecting SMEs inno-
vation adoption from the selected journals. The study found that the most significant
factors found to be relative advantage and compatibility from the technological context,
top management support and size from the organizational context, and external pres-
sure from the environmental context. This analysis intended to guide future researchers
to improve the predictive power of their examined models.
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Abstract. The article explores how social network sites (SNSs) are used in travel
and tourism. Another objective is to find out and summarize whether or not SNSs
are beneficial for the travel and tourism industry. This study was based on liter-
ature review that was employed to determine the most popular SNSs in travel and
tourism. Then, selected widely used SNSs were compared and evaluated. The
advent of Web 2.0 brought about significant changes in tourism. There are cur-
rently a lot of platforms that can be utilized in travel and tourism for various
purposes. Some of these platforms focus on providing solely travel related content.
However, the most popular SNSs used in tourism are still Facebook and Twitter,
which do not specialize in tourism. The findings suggest that the tourism related
SNSs provide their users predominantly with travel information and/or facilitate
contacts. Advantages include an easy access to various content twenty four hours
seven days a week regardless the time zone. Among their drawbacks belong a lack
of lower control over content and difficulties with sorting the valuable from the
worthless among loads of various platforms and messages.

Keywords: Travel and tourism � Advantages � Drawbacks
Social network � Sites

1 Introduction

Social network sites (SNSs) are becoming an inseparable part of people’s everyday
activities, both for business and private purposes. There are now many definitions of
SNSs. One of the most cited is provided by Boyd & Ellison [1] who define social
network sites as follows: SNSs are web-based services that allow individuals to con-
struct a public or semi-public profile within a bounded system; articulate a list of other
users with whom they share a connection; and view and traverse their list of con-
nections and those by other within the system. They also put the main emphasis on
their social aspect since these social network sites enable users to articulate and make
visible their social networks (cf. [2]).

SNSs are now on their rise. The most popular social network site is undoubtedly
Facebook, followed byTwitter. Since SNSs penetrate in all human activities, they also play
a considerable role in travel and tourism business, which is closely connected with the new
information and communication technologies. In fact, Werthner & Ricci [3] claim that
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travel and tourism industry is at the head of the Internet use and online transactions. In travel
and tourism industry SNSs are part of other social media platforms such as blogs, forums,
wikis, video and photo sharing, virtual communities, chat rooms and podcasts (cf. [4]).

For example, Lange-Faria & Elliot [5] state that travellers use SNSs in order to plan
their trips and holidays. SNSs are important in their information search about the place,
its attractiveness or accommodation possibilities. All this information is influenced by
age, gender, culture and other demographic and sociographic features. In addition, travel
and tourism industry is based on the use of word-of-mouth recommendations and SNSs
such as Facebook or Twitter enable their users to share their travel experiences. As
Nielsen’s report [6] presents, 84% of consumers trust these recommendations. Fur-
thermore, Bennett [7] states that 64% of non-US travellers use social networks while
travelling, 85% of leisure travellers use their smartphone abroad and 30% of them have
already used mobile applications to find hotel deals. In addition, 52% of Facebook users
have been inspired in their holiday planning by their friends’ photos or 76% of travellers
have posted their holiday photos to a social network site. Overall, SNSs enable travellers
to have more control over their travel decision making process (cf. [8]).

Therefore, the purpose of this article is to explore those social network sites that are
most frequently used in travel and tourism and discuss and summarize their benefits
and limitations for the travel and tourism industry.

2 Materials and Methods

Firstly, a method of literature search of available sources exploring the issue of social
network sites in the field of travel and tourism was applied. A search was conducted in
the world’s acknowledged databases such as Web of Science, Scopus, Springer and
ScienceDirect. Furthermore, other sources cited in the analysed studies were also
examined. Secondly, on the basis of evaluation of these literature sources, the researched
issue was explored. The research studies were classified according to their relevancy.

Although there are not many research studies on the issue of SNSs in travel and
tourism, there is a noticeable increase in the number of these publications (Fig. 1).

Fig. 1. A number of publications on SNSs in travel and tourism (authors’ own processing, based
on the data from [9])
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3 Social Network Sites and Their Use in Tourism

The existence of SNS is enabled by the fact that ordinary people could start to use the
Internet and it has become the mainstream and therefore truly social. It coincides with
Web 2.0, the second generation of web-based services, which enables large-scale
sharing. According to [10], the SNS take-off point can be identified between February
2005 and August 2006. It was important that the Internet has enabled anyone not only
to access information, but also to communicate with other people, become a member of
online communities, and to create and share content of various kinds. Web 2.0 is not
only social and extremely dynamic, but also hard to understand. As Ali & Frew [11]
maintain, it is impossible to make an exact taxonomy of Web 2.0 tools and
applications.

According to the website Tourism Boost [12], there are a few monitoring services
specializing in social media like Hootsuite [13], which enables its customers to manage
up to a hundred social networks, or Sprout Social [14]. These monitoring services can
gather messages for their customers, usually businesses, from multiple channels in one
place and thus enable these businesses to communicate freely with their customers,
understand the customers’ feelings about the brand, and instantly react if necessary to
any negative trends among any particular group of customers. These services can also
monitor conversations happening elsewhere on the Internet, including blogs, forums,
and other public sites, social networks and platforms.

Most SNSs are used by both individuals and businesses in order to network and
then stay in touch with other people and/or customers, and to gather a wide variety of
information about them. SNS usually allow their users to exchange messages both
publicly and privately, form groups, create public pages as well as events, share and tag
photographs, audio and video, and much more. According to [10], as of January 2014,
74% of online adult Americans use social networking sites, whereas as of February
2005 it was only 9% of all American internet users. The same source [10] provides
information on most popular SNSs among Americans as of September 2014: 71% of
online adults use Facebook; 23% of online adults use Twitter; 26% use Instagram; 28%
use Pinterest; 28% use LinkedIn.

Ali & Frew [11] made a list of most popular Web 2.0 sites, topped by Facebook and
YouTube [15], both with 800 million users, followed by Qzone (480 million), Twitter
(300 million), Renden (160 million), LinkedIn (120 million), Vkontakte, currently
called VK (111 million) and others. The same list [11] also features several sites aiming
at travel and tourism – WAYN [16] (travel and lifestyle, 10 million), Couchsurfing
(traveller-community interaction site, 2.9 million), Travelbuddy (linking travel, 1.6
million), Travellerspoint (travel community blogsite, 0.3 million). All of the most
popular SNSs contain information that may be exploited in travel and tourism –

Facebook as well as other top sites like Twitter or LinkedIn are full of travel-related ads
and help all kinds of travellers to find what they are looking for [17].

Of course, the above mentioned most popular SNSs may be used for promoting
travel and tourism. However, they do not focus on travel and tourism like some other
sites. One of the rankings of the best SNSs in the field of travel and tourism [15]
features at the top two general SNSs (Facebook and Twitter), which are followed by
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WAYN, Airbnb.com and TripAdvisor. Ali and Frew [11] list among the most popular
travel-related SNSs WAYN, Couchsurfing, Travelbuddy and Travellerspoint. Figure 2
below illustrates the five best network sites used in travel and tourism.

WAYN [16] was initially an entirely travel-related SNS connecting people who
happened to be in the same location. Later, however, it widened its scope to dating and
other activities [17]. Its users create their profile and upload photographs. WAYN users
can ask for travel recommendations by posting questions to other users. WAYN also
helps its users plan their trips. If one looks for a destination, WAYN provides relevant
information about accommodation, best photos, top questions and answers, travellers
tips, tours and attractions and much more. Alternatively, one can look for top desti-
nations for various kinds of activities or attractions, such as hiking, cycling, beautiful
architecture, or beautiful scenery, based on WAYN users’ votes. WAYN users may
view their destination list, or share with other users memories of a place they all visited
in the Who’s Around section. It is also possible to add images to one’s destinations.
Last but not least, WAYN’s members and experts also determine Top Places in several
categories.

Airbnb.com [17] originally offered short-term living quarters, breakfast and a
unique business networking opportunity [15]. Airbnb is still mainly for those who are
looking for accommodation in various places around the world. In order to become a
user, one must sign up and create their own personal profile. The Airbnb official
website [17] says Airbnb host network covers 190 countries and 34,000 cities. Its users
may check photos of offered accommodation, host profiles, and reviews. Airbnb users
can narrow their search according to the type of accommodation, its price, and location.
The site makes it easy to contact hosts and book one’s stay.

TripAdvisor [18] is rather a travel website than an SNS [15]. It enables anybody to
book hotels, flights, and vacation rentals, to find restaurants and things-to-do in one’s
destination. It updates travellers about the weather forecast for particular destinations,
offers forums, reviews, traveller articles, travel guides, it also shows maps, calls the
traveller’s attention to most popular places, traveller photographs, and much more.

Fig. 2. Five best social network sites used in travel and tourism [15]
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Couchsurfing [19] seems to be very similar to Airbnb as it is a service that connects
its members who sign in and complete their profiles featuring their home base, lifestyle,
mission and what they consider important. Couchsurfing members make up a global
community of travellers who share their homes with other couchsurfers. They can also
create local communities by means of Place Page. Locally, they hold and attend more
or less regular events. Globally, they choose places to visit and look for potential hosts
there by sending Couchrequests. Members may become hosts themselves.

Travelbuddy [20] is a website whose users look for people to travel with. It is
possible to set specific search criteria, like sex and age of a potential travel buddy,
destinations one wants to visit, and travel dates.

Travellerspoint [21] is another travel community website. It offers highlights, where
anybody can create their own travel blog or find advice on trip preparation. There is
also a forum for those who want to ask or inform others about virtually anything. Users
can join various groups or upload travel photographs. It is possible to look there for
accommodation tips, users can create maps of their travels and use a travel planner. The
website also features travel guides for various regions, subregions, countries and
territories.

All in all, travel and tourism can be promoted by means of both general and
traveland-tourism-orientated SNSs. The general ones usually contain travel ads.
Companies active in travel and tourism have their fan sites there. SNSs promoting
travel and tourism can be divided into two categories. The likes of WAYN,
TripAdvisor, Travellerspoint provide their users with information about destinations
and enable them to exchange their experience and knowledge about places, attractions
and activities. SNSs like Airbnb.com, Couchsurfing, or Travelbuddy focus on facili-
tating contacts among people as they put together those who look for and provide
accommodation and/or company on trips.

4 Discussion of the Findings

As the findings show, there is an increasing number of successful SNSs used for the
travel and tourism purposes. However, the most popular SNSs are still Facebook and
Twitter. A case study by Buted et al. [22] also shows that the most popular SNSs for
tourism industry in Batangas province, Philippines, are Facebook, Twitter and You-
Tube, which serve as good tools for the dissemination of information very fast and at
low costs. On the contrary, the negative aspect is that travellers’ opinions are not well
presented, which leads to bad impressions and unfair criticism.

In addition, online communities have a strong impact on travellers’ decisions and
on the overall image and marketing of a particular destination (cf. [23]). As Kiralova &
Pavlicek [24] state, social network sites can help destinations to remain competitive if
they present attractive content, exploit creativity and support and stimulate interactive
communication. However, to have an influence on travellers’ decisions, they must be
excellent in a sense of resembling the most glossy and popular magazines. Moreover,
they should address travellers as individuals, i.e., they should be personalized. But they
should also be dynamic and interactive and provide travellers with s unique experience
(cf. [25]).
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Karnstedt et al. [26] list seven benefits SNSs might have for travel and tourism
destination organizations, which include: (1) solicit endorsements; (2) maximize rev-
enue per seat; (3) bond with guests; (4) manage reputation; (5) reach out to new
customers; (6) recruit new staff; and (7) build a buzz.

Table 1 below then summarizes the main benefits and limitations of SNSs for travel
and tourism industry.

5 Conclusion

Currently, social network sites have a tremendous influence on how tourists create,
organize and share tourism experiences (cf. [27]). And since tourism is the main source
of revenue in many countries and regions, tourist destination organizations should bear
this fact on their mind and take a challenge to promote their places via SNSs because
SNSs represent strategic importance for tourism competitiveness [28]. Moreover, SNSs
can lower costs, increase operational efficiency and improve service quality and cus-
tomer experience [29].

Acknowledgments. This study is supported by the SPEV project 2104/2018, run at the Faculty
of Informatics and Management, University of Hradec Kralove, Czech Republic. The authors
thank Ales Berger for his help with the data collection.

Table 1. Benefits and limitations of SNSs for travel and tourism industry

Benefits Limitations

• They are able to address a big number of
global travellers at relatively low costs and
higher level of efficiency;

• They can spread a negative review of some
destinations like a wildfire; information does
not have to be credible, objective or useful;
they can be abused by travellers and
employees in exposing an employer’s trade
secrets or business proprietary information

[26];

• They enable to build and maintain a
community of interest;

• They enable twenty four hours operations
regardless different time zones;

• They enable to post and present travellers’
current photos, videos, opinions, experience
or experiences;

• They are valuable source of word-of-mouth
recommendations;

• It is difficult to orientate among loads of
various platforms and messages;

• They help to build brand equity;
• They provide feedback for destination
management organizations;

• There is no control over the wordof-mouth.

• They enable businesses to instantly react to
emerging trends.

(Source: authors’ own processing)
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Abstract. Fake news has been spreading in greater numbers and has generated
more and more misinformation, one of the clearest examples being the United
States presidential elections of 2016, for which a lot of false information was
circulated before the votes that improved the image of Donald Trump overs
Hilary’s Clinton (Singh et al. n.d.). Because fake news is too much, it becomes
necessary to use computational tools to detect them; this is why the use of
algorithms of Machine Learning like “CountVectorizer”, “TfidfVectorizer”, a
Naive Bayes Model and natural language processing for the identification of
false news in public data sets is proposed.

Keywords: Fake news � Machine learning � NLTK � Sklearn

1 Introduction

With the arrival of the technological era and with it inventions such as radio, internet
and television; Information media such as the written newspapers were left aside and
the world opened the doors to new ways to find out about the events, most of the news
content on television and radio is reviewed and controlled but the content of the
internet is hardly supervised and even more so when this does not violate any law (Gu
et al. 2017), this is how false news has become a place in today’s society, from
apparently harmless publications on social networks (2017) to pages web completely
dedicated to the production of false information, but made in such a way that they
manage to imitate with mastery some of the most recognized newspapers and news
channels, besides the fact that it is not possible to make a formal definition of a false
news (Mauri et al. 2017).
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2 Related Work

Because the problem addressed is very relevant in this information age, several pre-
vious works have been carried out from different perspectives, focused in different
ways and using different techniques, but ultimately all seek to combat misinformation,
some of these Studies will be presented below.

In Rubin et al. (2016) they make an approach to the detection of false news based
on satire, for this they first made a conceptual description of the satirical humor about
twelve satirical humor news and compared it with its real counterpart. For the classi-
fication process, they used an SMV (Support Vector Machine) algorithm with five
characteristics to predict; absurdity, humor, grammar, negative sensations and punc-
tuation, being the algorithm tested with 360 news achieving 90% accuracy to find
satirical news using the combination of absurdity, grammar and punctuation.

In Bourgonje et al. (2017) they make a study of the news regarding its owner and
the relevance with its content, focusing mainly on the detection of clickbait, that is,
news in which its heading does not have any relation with its development. The
methodology was applied on a public data set and achieved a success of 89.59. In the
study they seek to provide a tool that helps to check the news coming from traditional
and non-traditional media. In the study separate parts of the content of the news,
analyzing them separately and determining their veracity, later if they find that some of
them are false or contradict another part of the information, you can guess that it is a
false news. This method can also be useful for detecting news with political bias that is,
showing a political position favorable to a position.

On the other hand in Shu et al. (2017) present a review of several existing methods
for the detection of false news, on the one hand there are works focused on the
processing of news content and its form, those based on knowledge use external
sources to verify the information exposed in the news. Those based on style seek to find
within the news signs of language that demonstrates subjectivity or disappointment.

The author of Wang (n.d.) publishes a dataset called “LIAR” which brings together
in total twelve thousand eight hundred fragments of declarations of the page “POLI-
FACT.COM” manually tagged; being one of the largest public datasets in this topic,
with which you can do fact checking analysis and allow automation studies to detect
false news. In addition, the study used neural networks to demonstrate that by com-
bining meta-data with text, a great improvement in the detection of false news is
achieved.

The study done in Shao et al. (2017) makes an analysis of how bots have been used
to spread false news on social networks like twitter and facebook.

In Bajaj (n.d.) they present a study of Deep Learning using natural language
processing for the detection of false news; thus, different models are presented, and an
assessment is made of which may be the best option to obtain adequate results.

In Farajtabar et al. (n.d.) present a framework for the detection of false news
combining learning and a model of network activities providing the possibility of doing
a real-time analysis in social networks such as twitter.
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3 Methodology

In the study carried out natural language processing (PLN) is used as a Python com-
putational tool; This programming language uses different libraries and platforms,
among them its PANDAS natural language processing library (Python Data Analysis
Library) which is an open source library with BSD license that provides data structures
and data analysis tools. Additionally, NLTK was used, which is a set of libraries and
programs oriented to natural language processing and Scikit-learn which is a special-
ized machine learning library for classification, regression and clustering. The three
libraries mentioned above have been designed to operate in conjunction with the other
Numpy and Scipy libraries which were also included in the program.

To obtain news for the study, a public data set located in a github repository was
used https://github.com/GeorgeMcIntire/fake_real_news_dataset compiled in equal
parts for ten thousand five hundred and fifty-eight (10558) news items collected in total
between the years 2015 and 2017 written in English with their title, full text and false or
true label which were taken from different media, making scrapping processes in news
web portals for half of real news and news from a published dataset in Kaggle con-
formed only by false news.

So once having the dataset, the methodology consisted of three fundamental stages;
the pre-processing that involved transforming the dataset from a .csv file to a Python
object belonging to Pandas; a data frame to be able to deal with it efficiently. Subse-
quently, for processing, the data was changed so that the first half of the data with false
label and the second half with a true label were not simply what would cause impar-
tiality when applying the machine learning methods. Once this is done, groups of data
are taken to make training and test sets with which tokenisation algorithms are executed
so that the result is processed by the Multinomial Naive Bayes algorithm of the Scikit-
Learn package and finally an array was made in analysis. of confusion to make analysis
of the results obtained (Fig. 1).

4 Design

To begin with the processing of the data, it was necessary to use the read_csv ()
function of the Pandas library, passing the path of the file in which the .csv file is
located, which converts to the Data Frame format. For the creation of the test and
training sets, the train_test_split () function of the sklearn library was used, which takes
as parameters the column with which the learning will be done, the type of classifi-
cation that must be determined, the size with which will be the test set and a random to
scramble the data.

Subsequently, sets “bags” of features are gathered, which are words or subsets of
words with which you can extract the frequencies that have the word within the
paragraphs belonging to the news texts with two different functions CountVectorizer (),
but first it is necessary to do a new cleaning, since at the time of applying machine
learning one looks for to see a relation between the veracity of the news and the words
that more frequently appear in this one; as is logical there will be many occurrences of
“stop words” is words like “that, in, on” these words that serve as connectors and to
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give structure to the sentences but semantically does not have a great meaning, so it
becomes necessary to get rid of those “stop words” and then if you can proceed to build
structures made up of all the words that are part of the news.

Having the sets of words conformed, the NaiveBayes () function is sent as argu-
ments so that it makes the process of determining from the word bag and the training
sets if the news should be classified as false or true and subsequently an open source
function is used to graph a confusion matrix in which the main diagonal shows the
quantity of correctly classified news and the ones that are not seen outside the diagonal.

5 Implementation

The first thing that was done so that the program functions correctly is to import the
necessary libraries so that all the functions used are recognized by the interpreter:

Fig. 1. Source: Own design
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import pandas as pd
from sklearn.model_selection import train_test_split
from sklearn.metrics import accuracy_score from
sklearn.metrics import confusion_matrix from
sklearn.feature_extraction.text import CountVectorizer
from sklearn.feature_extraction.text import
TfidfVectorizer
from sklearn.naive_bayes import MultinomialNB
import pickle import nltk import numpy as np
import matplotlib.pyplot as plt import
itertools

The file is then imported into a DataFrame from the Pandas library and formatted to
make it easy to manipulate the data using the following commands.

features = 
pd.read_csv("fake_or_real_news.csv",usecols=['text',
'label'])

Thus, the parts that we will be using for this study of the news, the text and its
actual classification have been stored in features; First, mixing them is done to avoid
that the classification is affected by the order of the news. These two columns are
separated and used to create the training and test sets.

features.sample(frac=1)
trainig_set = features.text[:1900]
label_train = features.label[:1900] test_set 
= features.text[1900:]
label_test = features.label[1900:]

The following commands make the word arrays to be generated do not contain stop
words.

count_vectorizer = CountVectorizer(stop_words='english')
tfidf_vectorizer = TfidfVectorizer(stop_words='english',
max_df=0.7)
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Then other counVectorizer functions are used to do a tokenization and frequency
count of the tokens and the result is put into matrices made up of the tokens of the test
set and the evaluation set.

count_train = count_vectorizer.fit_transform(trainig_set)
count_test = count_vectorizer.transform(test_set)

To contrast, another way of counting the frequency of the tokens is used and again
applied to the test and training sets.

tfidf_train = tfidf_vectorizer.fit_transform(trainig_set)
tfidf_test = tfidf_vectorizer.transform(test_set)

The algorithm chosen for the automatic learning process was NaiveBayes which
works with conditional probability to determine the relationship of one of the tokens
with the truth of the news. Thus, the algorithm was run using both forms of tok-
enization previously named.

clf = MultinomialNB()
clf.fit(tfidf_train, label_train) pred = clf.predict(tfidf_test) score =
accuracy_score(label_test, pred)

Once the score is set, which is the percentage value of the degree of certainty that the
algorithm had when making the classification. It was displayed using the following
command:

print(“certeza: %0.3f” % score)

Later an open source function was used to graph a confusion matrix and to visualize
the results of the process

cm = confusion_matrix(label_test, pred, labels=['FAKE',
'REAL'])
plot_confusion_matrix(cm, classes=['Falas', 'Reales'])

6 Discussion and Results Analysis

After running the Naive Bayes algorithm with the two forms of tokenization
CountVectorizer and TfidfVectorizer the following percentages of certainty were
obtained:

– Count Vectorizer: certainty: 0.881
– TfidfVectorizer: certainty 0.848

Likewise, the Confusion Matrices Were Plotted with the Results of Both Classi-
fications, Producing the Following Results:
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TfidfVectorizer:

Count Vectorizer:

Fig. 2. Source: Own design

Fig. 3. Source: Own design
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This shows that it was more effective to use CountVectorizer as a classification
method, since it successfully classified 89.3% of the news correctly classified as false
1827 and as true 2079 (Figs. 2 and 3).

The model used, however, proves not to have the same effectiveness as others,
since in Chiu et al. (n.d.) for example they use a model based on Support Vector
Machines and achieve an average success rate of 95% and in Chaudhry et al. (n.d.)
make an approximation using deep neural networks and achieve a certainty of up to
97.3% in the classification process.

7 Conclusions

Addressing an objective such as the classification of news is a complex task even using
a standard procedure of classification of texts, since the news has a large number of
characteristics that can be evaluated and to achieve a certainty greater than 95% it is
necessary to consider them.
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Abstract. Skin cancer is one of the most important challenges in modern
medicine, especially skin melanoma, being the main causer of deaths for this
disease. Images analysis is one of the most transcendental techniques for Mel-
anoma early detection as a prevention method. Artificial neural networks are one
of the many developed techniques for images digital processing and character-
istic similarities detection. In this work a graphic processing unit (GPU) is
developed for clinical skin images analysis getting through an artificial neural
networks system for similar patterns detection through processing in a collection
of modules tasked of silhouette detection of the object to analyze into the image,
and tasked to study borders or contour to determinate a final diagnostic, the
dataset used for the training of the artificial neural network designed is gotten
from the MED-NODE project and project of international skin images collabo-
ration (ISIC) with 730 images of positive and negative cases as full, the proposed
system presents finally an accuracy level of 76.67%, with a level of success of
78.79% in melanoma specific cases, and 74.07% in benign lesions cases.

Keywords: Neural networks � Deep learning � Clinical diagnosis
Patterns recognition

1 Introduction

In last 40 years the progressive increase of people affected by cutaneous melanoma in
the world has been seen, because of this, the interest in the study of this disease has
evolved to become the focus of a large number of scientists around the world. Cuta-
neous melanoma is supposed as the leading cause of death from skin cancer actually,
producing 3 of every 4 deaths due to such, and representing the 1–2% of all death
causes in the world [1]. In Colombia there is not specific statistical data official on the
affectations of neoplasms or cutaneous abnormal formations associated with melanoma
on the population of the country, although cancer is a disease of priority concern, as set
out in the Act 1384 of 2010 [2].
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Medicine is one of the elements that most beneficiaries can see by near interaction
with computer systems, different computing algorithms have been developed with the
aim of preventing the cutaneous melanoma disease, besides a lot of methods have been
developed in dermatology for skin cancer prevention as ABCD (asymmetry, borders,
color, diameter) rules that describe a set of general elements for recognition of positive
cases of melanoma, or the seven points of Glasgow [3] which determines a set of
criteria for the detection of skin cancer, it’s used as a method of complementation to the
analysis made by the use of the ABCD rules.

This paper proposes a deigned system in base of artificial neural networks for
melanoma detection through the processing and analysis of clinical images, the main
objective is to develop an automated system using computation tools for to do diag-
nostics associated with skin cancer. In the previously raised context, it’s designed a
structure for the analysis of skin lesions based on investigations made by different
institutions and the progress made on the issue until today.

2 Related Works

In recent years there is a significant number of works focused on the detection of
Melanoma and techniques of image processing to prevent skin cancer, different models
of analysis have been developed on different platforms and with different approaches to
the treatment of medical information.

Joseph and Panicker [4] propose a system of analysis of skin lesions for quick
melanoma detection with an effective method of segmentation through techniques of
image processing and mobile technologies, they develop a series of stages of image
preprocessing, subsequent to the detection and extraction of the hair to make a direct
analysis on the skin, with the obtained information in the processing of images
designed, a rating system for the results obtained is done in a set 3 possibilities (benign,
atypical and melanoma) producing results with a high degree of effectiveness. A very
similar work is made by Soumya et al. [5] where they propose an algorithm of early
detection of melanoma through the use of a system of description and colour analysis,
here the develop a set of phases for the image processing which includes different filters
and segmentations for the analysis of them, finally they conduct tests with a set of 200
images with highly effective results (91.5%) on the implemented system.

Lugo, Maldonado and Murata [6] perform an study of artificial intelligence to assist
clinical diagnosis, within the research made a brief overview of the uses of different
systems of machine learning in the history of medicine, they also do a study related to
the advantages offered by these systems to the traditional statistics, within the work an
specific section is made to refer to the use of artificial neural networks in medicine,
foregrounding the flexibility and dynamism offered by these systems and explain
generally the operation.

Mentioned related works have a high interrelation with the work of the proposed
investigation of this document, there is a lot of progress in image processing, however
the most common method, thanks to its effectiveness over several years are neural
networks, in this context, different scanned works provide a set of tools associated with
the management of this technique in areas of medicine as [6, 7], other revised research
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papers analyze different characteristics associated with the identification of cutaneous
melanoma, and determining techniques of segmentation of images for the recognition
and classification, allowing the production of a more effective final result, in conclu-
sion, the literature review provides an important set of tools that allow to make a work
guided as a full element of possibilities, and where it’s possible to explore different
techniques to maximize the efficiency of the project.

3 Proposed System Design

There are many methods for Melanoma detection through images processing through
the determination of characteristics, Barata et al. [8] do a work for the detection of
Melanoma through the use of two systems based on the analysis of the characteristics
of texture and color respectively, within the work is taken as a fundamental base the
analysis of the features provided by the ABCD criteria, from which information can be
fully relevant for the early detection of skin cancer [9].

Measurement of the ABD (asymmetry, borders and diameter) criteria can be
obtained through the analysis of the generation of the mask at the binary level of the
analyzed image, however to obtain an image with a high amount of information is
required a preprocessing phase allowing to improve quality through a set of filtering
techniques that enable to obtain a better result of the characteristics seeking to analyze,
and at the same time eliminate the noise of photography [10].

In Fig. 1, can be seen the scheme of the structure for the stage of analysis and
classification of the analyzed image.

3.1 Preprocessing

For the development of the system a preprocessing phase is performed which seeks to
apply a set of fixes to the image before the phase of analysis conducted with the expert
system, the target is to make the generation of a mask from the image that allows to
define the texture of the lesion in a base of white and black that can be represented in
binary form (0 and 1) to ensure the elimination of noise in the image and obtain the
texture defined edges is used the Canny’s method, an algorithm developed with the aim
of achieving the elimination of noise by three mathematical threads that involve the

Fig. 1. Scheme of the main stages of the system. Source: Authors
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calculation of the magnitude and orientation of the gradient vector at each pixel within
the first phase known as the obtaining of the gradient, the thinning of the width of edges
obtained with the gradient until edges of a pixel of width within the second phase
known as non-maximum suppression, and the application of a function of hysteresis
based on two thresholds in the final phase known as threshold hysteresis; This process
is intended to reduce the possibility of appearance of false contour [11].

Figure 2 shows the stage of preprocessing the image with the help of software
MATLAB R2016a and its Toolbox for image processing [12], where applies correc-
tions series based on the phases of input, correction of lighting, step to grayscale and
generation of mask in black and white for the segmentation of the image serving the
process specified in Fig. 1.

3.2 Artificial Neuronal Network Architecture

For the image processing is necessary use a convolutional neural network system, these
systems are designed for machine vision tasks, and have a high degree of efficiency in the
recognition of characteristics in digital images and their subsequent classification [14].

The neural network Convolutional posed to implement for the recognition and
diagnosis of Melanoma consists of six layers, each layer has an output consisting of a
set of images or drawings, which is commonly awarded them the name “features
maps”, which are composed of sets of neurons, neurons located within a map of
features connect with neurons hosted on the following maps only through connections
called fields of projection also normally known as convolution masks [15].

Fig. 2. Preprocessing of the image. a) Input image. Source: [13] b) Illumination correction.
c) Grayscale. d) Gaussian filter and mask generation
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In Fig. 3 can be seen the scheme of the layered architecture in the convolutional
neural network designed for Melanoma detection system.

The first layer of the convolutional neural network (C1) has twenty five features
maps, each unit present in twenty five maps of features are connected with a set of 20
units or pixels in the input image represented by neighborhoods of 5 � 5, each
connection with the elements of the image has a trainable and shared weight for each of
the units on the map each map feature consists of a set of 255 � 255 units, within this
first layer is made using Gabor filters that allow the segmentation of texture and is often
the first stage of processing of images within convolutional neural networks systems
[16], After the first layer follows a stage of subsampling, also known in some cases as a
grouping layer, belonging to this stage, next layer (S2) has fifteen maps of features with
a size of 60 � 06 units, the connections of this stage are carried out with a set of 20
units of the previous layer formed by a neighborhood of 5 � 5 elements, subsampling
layers have functions of averaging, in this layer each unit is responsible for calculating
the sum of the four pixels corresponding stage or layer above (C1), the number of
connections between the S2 and C1 there are not trainable elements or changes or
functions on images.

4 Results and Discussion

When the stage of training is done nest is to determine the proper functioning of the
network and a respective percentage of accuracy, for the realization of these tests it’s
used a processor Intel core-i5 3337U, with RAM memory 6 GB and graphics pro-
cessing (GPU) with NVIDIA GeForce GTX graphics card unit.

To perform the test on the implemented system of neural networks used a random
number generator that selects the sample used in initial tests of efficiency on the
network, so the images are tested within the system in a non-concurrent order and with
uniform distribution by simulation of the system in accordance with the Royal field of
data entry the algorithm used for the selection of the images is the congruential mixed
method, this method is the most widely used for the generation of random numbers,

Fig. 3. Convolutional neural network architecture. Source: Authors
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Table 1. Results of test on designed neural network.
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and most suitable to use with the necessary parameters to each test image is assigned an
index that is associated with the number obtained through generator.

The generator based on mixed congruential used the following equation:

Xi ¼ ðaXi�1 þ bÞmobðmÞ ð1Þ

Where m = 256, b = 191, c = 31, and seed Xo = 255, these values are defined,
since they meet the basic conditions for the achievement of a maximum period, which
ensures the non-existence of repeated numbers.

In Table 1 can be seen some of the images used for the analysis with the order
given by the random number generator, with their respective test within the network
mounted, and the evaluation of the result on the basis of the actual values of

Table 1. (continued)
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classification, the set of test images is obtained from the project MED-NODE [7] and
the international collaboration of melanoma images project (ISIC) [17].

The notations used in the table are

– M: Malignant
– B: Benign

The first abbreviation represents the classification given by the system to the image,
the second abbreviation represents the actual classification.

The results of the analysis of the network show efficiency of 77.50% of analyzed
images, with a correct result in 155 of the 200 analyzed images, in this context, the
Internet presents a good average in the classification of the images, however the results
present a level of less than some of the work effectiveness as detailed later defined in
Table 2 results obtained with respect to the level of success for each classification:

Comparing the level of effectiveness of the implemented neural network with
techniques as Delaunay triangulation [18] arises where a percentage of success of
66.7% for Melanoma images, greater efficiency is presented in the accuracy of records
of melanoma, about to the approach by natural computing technique [19], similar
results are gotten, with a percentage of success of 80%, the detection of melanoma
through geometric characteristics project [20] obtained a level of success to 89% with a
rate of success higher than the proposed project, the technique of color correlogram [5]
has a level of 91.5% efficiency with the use of a Bayesian classifier, as same than the
segmentation technique for classification of the nearest neighbors [21] presenting even
a level of highly superior efficiency compared to other work of the project and the
proposed system, however these projects are analyzed only with efficient lighting
condition images, leaving in doubt the level of efficiency in other conditions.

Figure 4 expresses the results in base of images of melanoma and benign on the
proposed system, and works taken as help, next notations used are described:

• TD: Delaunay triangulation
• CN: Natural computing
• CG: Geometric features
• CC: Color correlogram
• VC: Nearest neighbors
• RN: Neural networks.

In the presented context, results obtained in the study presented a suitable per-
centage of approximation of 77.50% through the structure of the proposed network,

Table 2. Percentage of accuracy in results

# Images # Correct classification % Accuracy

Benign 89 67 75,28%
Malignant 111 88 79,27%
Total 200 155 77,50%
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however, other techniques far outweigh it, being necessary to specify that performance
tests are performed using different conditions and ideal illimunation states, artificial
neural networks are one of the techniques of most renowned for the digital processing
of images, every day new techniques and models based on different algorithms that can
exceed the normal functioning of these and their efficiency in the classification of
images appear.

5 Future Works

Deep learning trends have allowed to develop new techniques aimed at improving the
capacity of the systems in the accuracy of the results, one of the elements that emerged
recently within the study of artificial intelligence systems is the concept of auto-
organization which represents through unsupervised learning process which will let
discover features, relations, significant patterns or prototypes in the dataset used [22],
within the framework of convolutional neural networks, the concept of auto-
organization is an important approach in processing images in convolutioa neural
networks systems, as it allows to increase the level of representation of the features
extracted by the expert system through the use of maps features auto-organized [22].
Currently it is a littleknown, still under development and under research model,
however its implementation can be a key element to improve the level of accuracy of
the systems of images processing, which could represent future work with significant
influence within the study of medicine.

Fig. 4. Accuracy percentage in images classification. Source: Authors
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6 Conclusions

Image use dermatological as element base for medical studies of skin cancer has
allowed dealing with large property diseases of high relevance and care through tel-
emedicine, making it an essential tool for the creation of new replacements trends in
conventional medicine. This work has dealt with a complex method of deep learning
based on clinical images getting a percentage of success on the analysis of images of
77,50%, the factor in conditions of illumination in the figures has been the main
element affecting the effectiveness of the system, however the results are satisfactory in
a large percentage, in Fig. 5 can be seen some examples of images with incorrect
results, in them is shown illumination conditions that affected the efficiency of the
system.

Features extraction method used in the proposed project is implemented Convo-
lutional neural network task, while in all projects related, the characteristics of the
lesions are extracted data direct, which represents an important advantage over the
related work, however most of the works used in the comparison of results have a
higher level of accuracy based on the metric used However in the case of melanoma
detection system presents a broad improvement over method of Deulanay’s triangu-
lation and natural computing, which represents an important element considering that
these cases are those who represent the real cause of the alert in the context where the
project develops.

In Table 3 we can see a quantitative comparison of the obtained results with other
related works.

Having in mind the problem with the illumination conditions of the images and
their negative effect on the analysis of them, work to assess such as improvement of the

Fig. 5. Incorrect results images. Source: Authors
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current system proposed must focus fully on image preprocessing stage, rather than in
the network architecture, this implementation would increase the accuracy of the
system.
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