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Abstract. The management and coordination of globally distributed develop-
ment poses many new challenges, including compensating for informal implicit 
communication, which is aggravated by heterogeneous social and engineering 
traditions between development sites. Although much research has gone into 
identifying challenges and working with practical solutions, such as tools for 
communication, little research has focused on comparing communication me-
chanisms in terms of their ability to provide large volumes of rich information 
in a timely manner. Data was collected through in-depth interviews with eleven 
practitioners and twenty-eight responses through a web-based questionnaire 
from three product lines at an international software development organization. 
This paper assesses the relative importance of ten commonly used communica-
tion mechanisms and practices across local and global development sites. The 
results clearly indicate that some communication mechanisms are more impor-
tant than others in providing large volumes of rich information in a timely  
manner. The prevalence of architecture in providing rich information in large 
volumes for both local and global communication can be clearly observed. 

Keywords: Global Software Engineering, Communication, Case Study, Soft-
ware Product Lines, Software Architecture, Product Management. 

1 Introduction 

Software product development and software product management have emerged as 
ways of developing software as a product for the mass-market [27], rather than for a 
specific customer [26]. Software product managers steer software product develop-
ment towards a beneficial direction for the company by selecting requirements for  
the coming releases of a product and creating business objectives [19], while the  
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development teams formalize the product’s functionality and assure its quality [17] to 
increase the likelihood of market success. Although a software product’s functionality 
and quality are important for the success of the product, the collaboration between 
software product management and the development team is crucial for product suc-
cess [8]; however, the collaboration requires a handle of communication and coordi-
nation challenges [9].  

However, large-scale software development can be complicated, expensive and 
unpredictable [3]. For software companies to succeed in the global markets of soft-
ware-intensive products, shortened cycle time of product development and improved 
product quality are essential. To achieve shortened cycle time and improved quality, 
two internal strategies can be used, namely software product lines (SPL) and global 
software engineering (GSE). Potential advantages of GSE include “round-the-clock” 
development, access to global markets, and reduced development time and cost [11]. 
However, SPL and GSE are further accelerating the complexity of software product 
development [3]. Furthermore, when a product line is adapted to GSE, processes, 
tools, and organizational structure changes [2], and has significantly more difficulties 
to implement the necessary coordination [3].  

One key factor of the software product development process is the process of 
communication, coordination, and collaboration [4, 6, 12, 25]. However, it is not only 
the formal communication process that impacts the development. Several studies [7, 
13, 16] observe that developers rely on informal and ad-hoc communication. Lack of, 
or problems in the informal communication channels may lead to increased develop-
ment time [16]. Communication issues in GSE have been addressed by other studies; 
see e.g. [6, 11, 16], while communication in new product development has been ad-
dressed by, e.g., [8]. However, none of these have focused on comparing local peer-
to-peer (e.g. face to face meetings), long-distance peer-to-peer (e.g. electronic chat, 
including instant messaging) and technical (e.g. architecture) communication tools in 
GSE, for their ability to provide information in a timely manner, with richness and 
with large volumes of information.   

This paper presents the result of an empirical study that includes data collected 
through in-depth interviews with eleven practitioners and twenty-eight responses 
through a web-based questionnaire from three product lines in one international soft-
ware development organization operating in over one hundred countries around the 
world. The case organization uses SPL in a GSE context. The main objective of this 
study is to assess the relative importance of ten commonly used communication  
mechanisms and practices from three different aspects, for their ability to transmit 
information quickly, transmit rich information, and to transmit large volumes of in-
formation across local and global development sites. The study incorporates two main 
perspectives with regards to communication mechanisms through the study of local 
and global development sites.  

The reminder of this paper is organized as follows. In Section 2, background and 
related work are presented. The case organization is described in Section 3, and Sec-
tion 4 describes the research methodology. Section 5 presents the results, while the 
results are discussed in Section 6. Validity threats are discussed in Section 7, and 
Section 6 gives a summary of the main conclusions. 



Software Architecture as a Means of Communication in a Globally Distributed Software 177 

2 Background 

In SPL, software development is coordinated between teams in several different ways, 
during the front-end of the development, during the development, and during the end 
of the development [3]. During the front-end of the development, roadmaps need to 
be shared, discussed, and agreed upon. During the development phase, new compo-
nents and interfaces need to be coordinated, while in the end of the development 
phase integration needs to be coordinated. 

Over the last few decades, the software industry has been exposed to a steady and 
irreversible trend towards the globalization of business [25]. The global expansion of 
software organizations has made companies aware of the potential advantages that 
GSE has to offer, such as capitalization of global resources pools, “round-the-clock” 
development and access to global markets, reduced development time and cost [11]. 
On the other hand, these benefits are not clear-cut and should not be taken-for-granted 
[5]. Ó Conchuir et al., concluded that overall development costs might not be reduced 
due to the introduction of higher managerial complexities [5]. Furthermore, “round-
the-clock” development seemed unrealistic, and companies may prefer to modularize 
work [5]. In addition, there are a number of challenges introduced by GSE, such as 
communication, coordination, and control of the development process [5]. 

There exists no shortage of studies relating to communication in a GSE context. 
Herbsleb and Grinter showed the importance of informal communication and the 
difficulties in communicating across global sites [10]. In fact, a major challenge in 
GSE is the lack of informal communication [7]. Herbsleb and Mockus further found 
that cross-site work takes longer than same-site work [11]. In addition, cross-site 
teams seem to have relatively little understanding of the overall context compared to 
same-site teams [11].  

As for same-site development, the communication process, particularly informal 
communication [11], is an important factor for success in GSE [4, 6, 12]. According 
to Curtis et al., communication barriers in cross-site teams can be mitigated by an 
architect who acts as a boundary spanner between the teams [7]. Most, if not all, 
stakeholders in the software development can use software architecture as a basis for 
mutual understanding, negotiation, consensus, and communication. Bass et al. point 
out that the architecture provides a common language in which different concerns can 
be expressed, negotiated, and resolved at a level that is intellectually manageable, 
even for complex systems [1]. Ovaska et al., found that in a multi-site development 
environment, developers coordinate their work through the use of well-defined inter-
faces and an appropriate architecture description [16]. Using such an approach also 
means that components can be developed separately and the impact of distance, lan-
guage and culture are minimized.  

Furthermore, it is important how communication tools are utilized. Niinimäki and 
Lassenius conducted a multiple case study to investigate how instant messaging was 
used [15]. The results show that instant messaging was used to communicate simple 
questions and clarifications, as well as technical decisions and solutions. Šmite found 
that the communication channels used by a GSE organization were mainly email  
and telephone [24]. Very seldom was communication conducted through meeting in 
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person, while videoconferences were never used. In McDonough et al., eight different 
communication tools were assessed based on speed, richness, and volume [14]. The 
results show that e-mail and company databases in the organization were the fastest 
communication tools; face-to-face meetings provided the richest information, while 
email and databases were viewed as providing a large volume of information.  

3 Case Description  

Data was collected from an international software development organization operat-
ing in over 100 countries around the world. The organization primarily specializes in 
database management systems, enterprise resource planning, customer relationship 
management and other industry-tailored products targeting government, finance and 
healthcare sectors. Based in the USA, it employs over fifty thousand workers around 
the world, with more than 25% of its workforce involved in software development. 
For the purposes of confidentiality, this organization will be simply referred to as “the 
company” throughout this paper. All of the company’s products stem from its four 
major software product lines (SPL). The company has a few teams actively involved 
in the development of its software in Australia, and a larger research and development 
base in India. The company had four individual SPL at the time this research was 
conducted. However, development in Australia was only conducted for three of the 
SPL. Hence, only three SPL could be examined in this study. 

Product line A (PLA) comprises enterprise resource planning, supply chain man-
agement, customer relationship management, human resources and industry-specific 
applications targeting banking and healthcare. This is the company’s original product 
line and has been undergoing iterative development for over ten years. It now boasts a 
large product mix, but has an aging core asset base with slow evolution of compo-
nents and architecture. The products in PLA are currently in their 12th major release. 

Product line B (PLB) consists of a collection of products offering solutions for 
human resource management, customer relationship management, manufacturing, and 
student administration software for large corporations and government sectors. The 
company acquired this product line in 2005 through a takeover of its parent organiza-
tion. PLB has a relatively well maintained core asset base, and has a proprietary inte-
grated development environment which forces developers to reuse core assets. The 
products in PLB are currently in their ninth major release, and its architecture is built 
around the company’s own proprietary development platform. 

Product line C (PLC) is the company’s latest collection of products aimed at unify-
ing the best-of-business capabilities offered by its applications and other product 
lines. Through the use of an open, service oriented architecture, PLC is used as a 
standards-based technology blueprint that enables effective, predictable business 
process changes through standards-based integration of applications developed as web 
services. Developers and managers in PLC follow strict standards that do not allow 
for the duplication of core assets, and encourage evolution of existing assets. To date, 
most PLC products are still undergoing development and have yet to be released.  



Software Architecture as a Means of Communication in a Globally Distributed Software 179 

4 Methodology  

The main objective of this research is to examine commonly used communication 
mechanisms and practices across local and global development sites. The research 
questions, in Table 1, provide the focus for the empirical investigation. RQ1 is a ma-
cro question that is broken down into three discrete sub-questions, each addressing the 
separate aspects of timeliness, speed, information richness and scalability of informa-
tion load. To address the research questions an exploratory case study was underta-
ken. This study was built on semi-structured interviews [20] with a high degree of 
discussion between the interviewer and the interviewee, complemented with a ques-
tionnaire. This study was conducted purely from the perspective of the software or-
ganization, i.e. customers were not involved in this research. The study consisted of 
two steps, described in the following section. 

Table 1. Research questions 

Research Questions 
RQ1: What communication mechanisms are central to a distributed 
SPL environment in order to provide large volumes of rich information 
in a timely manner? 
RQ1.1: What communication mechanisms are central to a distributed 
SPL environment in terms of speed? 
RQ1.2: What communication mechanisms are central to a distributed 
SPL environment in terms of providing rich information? 
RQ1.3: What communication mechanisms are central to a distributed 
SPL environment in terms of providing large volumes of information? 

4.1 Step 1: Interview Study 

Planning: The first part of the study involved brainstorming and planning to design 
the study and to identify different areas of interest. The contact person at the company 
assisted in the identification of appropriate participants to be interviewed. The inter-
view instrument was designed with respect to the different areas of interest i.e. com-
pany and personal background details, product and SPL background, requirements 
engineering process, architecture design, and impact of GSE. In addition, the inter-
view instrument examined coordination issues in a global setting, and the communi-
cation mechanisms used by the company to communicate, both locally and globally. 
The interview instrument is available in [21]. To test the interview instrument, pilot 
interviews were carried out. Some questions were clarified and the structure of the 
interview instrument was improved before interviewing proceeded. 

Data Collection: The study involved eleven interview participants in the roles of 
product managers (PM) and development managers (DM). The distribution of partici-
pants among the three SPL are displayed in Table 2. All interviews were attended by 
one interviewee and one interviewer. Each interview took approximately an hour. The 
interviews from Australia were recorded, while notes were taken at interviews involv-
ing Indian participants. Transcripts of all interviews were made in order to facilitate 
and improve the analysis process. 
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Analysis: An interpretive analysis of the interview data was conducted to address the 
research objective [23]. Content analysis of the transcribed interview data was also 
conducted using the Leximancer content analysis software. The interviewer examined 
the transcripts from different perspectives. In addition, another researcher, who did 
not attend the interviews, also analyzed the transcripts to enhance validity. Prelimi-
nary results from Step 1 are presented in [22]. 

Table 2. Distribution of Participants in 
Interviews 

 Interviews 
Country Australia India 
PLA 4 (2 PM, 2 DM) 0 
PLB 4 (3 PM, 1 DM) 0 
PLC 1 (1 PM) 2 (1 PM, 1 

DM) 
Total 9 2 

 

 

Table 3. Distribution of Participants in 
Questionnaire 

 Questionnaire 
Country Australia India 
PLA 6 7 
PLB 2 6 
PLC 2 5 
Total 10 18 

 

 

4.2 Step 2: Questionnaire 

Planning: The aim of the questionnaire was to understand the importance of different 
communication practices used in local and global communication by development 
teams, and to confirm the findings from the interviews. The questionnaire1 was 
adopted from McDonough et al. who systematically studied eight different communi-
cation mechanisms, including phone calls, fax, e-mail, teleconference, face-to-face 
meetings, mail, company databases, and videoconferencing, in terms of their unique 
information transmission capabilities [14]. The communication mechanisms were 
rated with respect to their ability to transmit information quickly (speed), to transmit 
rich information (richness) and to transmit large volumes of information (volume). 
The questionnaire was modified by replacing the original communication mechanisms 
with ten communication practices that were commonly used in the company. The 
communication practices were identified through the study of process and project 
management documentation at the company and the initial interviews as follows (for 
explanations of the ten communication mechanisms see footnote 1): software archi-
tecture, code walkthroughs, visiting engineer, regular meetings, change management 
processes, discussion forums, electronic chat, face-to-face communication and 
process walkthroughs. The participants rated the communication mechanisms for their 
ability to transmit information quickly (speed), to transmit rich information (richness) 
and to transmit large volumes of information (volume). The rating mechanism used in 
the original questionnaire was also modified from independently ranking communica-
tion mechanisms, to the ranking of relative importance of different mechanisms when 
compared to each other. Participants were required to compare the different commu-
nication mechanisms against each other and attach a weighting to the importance of 
different communication mechanisms. This was enabled through the distribution of a  
 
                                                           
1 http://serg.cs.lth.se/research/experiment_packages/GSE 
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thousand ‘points’ across the ten different communication mechanisms. To test the 
questionnaire, two pilot studies were carried out. Some questions were clarified and 
improved.  

Data Collection: The questionnaire targeted employees involved in the development 
of products within each of the studied SPL. The company contact assisted with the 
identification of appropriate software developers within Australia to participate in the 
questionnaire. In order to obtain a balanced perspective on the use of communication 
practices in the global environment, the questionnaire was also distributed to the In-
dian branch of the company. Participants in India were selected through the identifica-
tion of Indian counterparts of participants in Australia.  

In total, 28 of 53 participants completed the questionnaire, yielding a response rate 
of 53%. Participants were mainly project and product managers, application architects 
and application engineers. The distribution of participants among the three SPL, and 
between Australia and India, are displayed in Table 3. 

Final Analysis of All Data: The questionnaire results were analyzed for each PL indi-
vidually. The importance of each criterion, at both local and global level, was ana-
lyzed by summing all the points for the respective criterion, followed by normalizing 
the result for each criterion to a percentage. Since a comprehensive view of the com-
plete data set was sought, the data from the first part of the study was re-analyzed 
together with the data from the questionnaire. 

5 Results and Analysis  

The following sub-sections present and discuss one research question each, corres-
ponding to the research questions in Table 1. 

5.1 Most Suitable Communication Mechanism (RQ1) 

This section examines the relative importance of the most suitable communication 
mechanisms to deliver large volumes of rich information in an effective timeframe.  

The different communication mechanisms are divided into three main categories: 
(1) local peer-to-peer, which includes face-to-face, regular meetings, and visiting 
engineer, (2) long distance peer-to-peer, which includes electronic chat and forums, 
and (3) technical, which includes architecture, code walkthrough, process walk 
through, progress report, and change management. We calculated the average relative 
importance of speed, richness, and volume for each of the ten communication me-
chanisms. In addition, to understand what communication mechanism provides large 
volumes of rich information in a timely manner, we summed all points from all three 
aspects at local and global levels, and calculated the average relative importance of 
the combined total sum for each SPL individually. The result is shown in Table 4. 

The results clearly indicate that some communication mechanisms are more impor-
tant than others in local and global site communication. It is worth noting the differ-
ence in the top communication mechanisms when compared for their ability to provide 
information in a timely manner, with richness and with large volumes of information. 
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Table 4. Local vs. global distributed communication mechanisms 

 PLA PLB PLC 

 Local Global Local Global Local Global 
Technical communication mechanisms 
Architecture 12.13%17.53%15.90%16.73%11.93% 15.97% 
Change Manage-
ment 

6.87% 7.43% 7.20% 5.47% 7.20% 6.97% 

Code Walkthrough 11.03% 9.57% 9.00% 7.27% 9.13% 7.70% 
Process Walk-
through 

7.23% 6.80% 13.13% 8.30% 7.57% 11.53% 

Progress Report 7.00% 8.53% 4.93% 6.10% 6.63% 8.10% 
Local peer-to-peer communication mechanisms 
Face-To-Face 14.80% 8.70% 15.40% 8.50% 14.77% 7.20% 
Regular Meeting 10.80% 8.50% 7.07% 9.53% 11.20% 10.83% 
Visiting Engineer 10.50% 14.00% 7.20% 16.17% 9.73% 12.63% 
Long distance peer-to-peer communication mechanisms 
Forums 8.53% 5.80% 7.60% 5.00% 11.50% 13.47% 
Electronic Chat 11.10% 13.17% 12.57%16.90%10.43% 5.60% 

For local communications, face-to-face was seen by participants from PLA as a 
communication method that delivered large volumes of rich information in an  
effective timeframe in PLA. Other important communication mechanisms were archi-
tecture, followed by electronic chat. The result (the order of communication mechan-
isms) for PLC was exactly the same as for PLA, with the difference that forums  
replaced electronic chat as the third preferred communication method. For PLB, the 
result was similar; architecture was seen as the most suitable criterion, followed by 
face-to-face and process walkthrough. One major difference was that participants 
from PLC perceived all technical communication mechanisms, with the exception of 
architecture, as providing small volumes of less rich information in a relatively slow 
manner. This result was not consistent with the result from PLA and PLB, where, for 
example, participants viewed code walkthrough as a better alternative to regular meet-
ings and visiting engineers. 

Looking at global communication sites, architecture and the presence of a visiting 
engineer were perceived as delivering large volumes of rich information in an effec-
tive timeframe. In PLA and PLB, electronic chat was viewed as almost equally impor-
tant, and again, participants from PLC preferred forums over electronic chat. It is 
interesting to note, for global communication, the participants from all three SPL 
prefer either electronic chat or forums, never both. The less preferred one was seen as 
the least effective communication method that delivered the smallest volume of less 
rich information. One interesting finding was the view of technical communication 
mechanisms in PLB. All of the technical communication mechanisms, except for 
architecture, were perceived as the least suitable communication methods, together 
with forums. This result is not consistent with PLA and PLC. It is surprising to note 
that participants from PLC viewed electronic chat as delivering relatively large vo-
lumes of rich information in an effective timeframe for local site communication, but 
not in communication with offshore teams. 
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Despite participants from PLA considering architecture to be the most suitable 
communication mechanism to deliver large volumes of rich information in an  
effective timeframe, the interviews revealed that the used mechanism when commu-
nicating with offshore teams were conference calls, group meetings, review tools and 
documentation. In addition, the main constraints imposed in communication with 
offshore teams in PLA participants were the inability to have in-depth discussions and 
the lack of body language. 

Similar to PLA participants, PLC participants considered architecture as the most 
suitable communication mechanism for offshore communication. Despite electronic 
chat being considered by PLC participants as the least suitable mechanism for com-
munication, several interviewees’ explained that this was one of the tools used in 
PLC. Other communication mechanisms used in PLC were telephone and web confe-
rences, documents, and electronic mails. Furthermore, according to PLC participants, 
the main constraint of offshore communication was the lack of face-to-face meetings. 
The lack of face-to-face meetings may have an impact on the decision-making 
process because “when people do not meet face-to-face, they face a lack of under-
standing of capability and abilities”. 

PLB participants had a different view than PLA and PLC participants on which 
communication mechanism was the most suitable for offshore communication. For 
PLB participants, electronic chat was the mechanism that provided large volumes of 
rich information in a timely manner. However, electronic chat was not used in PLB, 
instead, offshore communication involved web and telephone conferences and docu-
ments. According to one interviewee in PLB, “nothing beats face-to-face meetings. 
Meetings are conducted a lot easier, and in a more understanding manner when done 
face-to-face”. However, PLB participants only considered a visiting engineer as the 
third most suitable communication mechanism. 

For all three SPLs, the perceived most suitable communication mechanism was not 
used in practice. Instead, less effective mechanisms were used when communicating 
with offshore teams. No further elaboration was given on the topic by participants.  

5.2 Communication in a Timely Manner (RQ1.1) 

In analyzing Research Question 1.1, this section examines which communication 
mechanism provides information in a timely manner. Among PLA participants, for 
local site communication, all local peer-to-peer communication mechanisms and 
electronic chat were perceived as the fastest methods to distribute information (see 
Table 5), meaning that peer-to-peer communication mechanisms were the perceived 
as faster than technical communication mechanisms. For PLB participants, there was 
a mix of mechanisms that were perceived as the fastest. The two quickest communi-
cation mechanisms were face-to-face and electronic chat, however code walkthroughs 
and process walkthroughs were also perceived as relatively quick. The result for PLC 
is similar to PLA and PLB where face-to-face communication was the fastest com-
munication mechanisms. In addition, regular meetings, electronic chat, and code 
walkthroughs were perceived as quicker than other communication mechanisms in 
distributing information. 
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For local site communications, all three SPL viewed face-to-face and electronic 
chat communication as the fastest methods to distribute information. In PLA, all local 
peer-to-peer communication mechanisms and electronic chat were perceived to be 
faster than any of the technical communication mechanisms. Unlike PLA, both PLB 
and PLC participants perceived the technical criterion code walkthrough to be faster 
than a visiting engineer. In addition, PLB participants perceived process walkthrough 
to be quicker than regular meetings and visiting engineer. 

The results for communication between global sites evidently show that distributed 
teams, in terms of fast methods to distribute information, rely heavily upon a mix of 
local and long distance peer-to-peer communication, such as visiting engineers, elec-
tronic chat, and forums. The only other communication criterion, across all three SPL, 
that was perceived as being quick was architecture. In addition, PLC viewed process 
walkthrough as a fast method. One main difference between the three SPL was that 
PLA and PLB participants viewed electronic chat as one of the fastest criterion, while 
PLC participants preferred forums. 

Table 5. Relative importance of speed 

 Speed 

 Local Global 

 PLA PLB PLC PLA PLB PLC
Technical communication mechanisms 
Architecture 7.8% 9.5% 8.4% 14.2% 12.1% 12.3% 
Change Management 7.4% 4.4% 7.5% 8.1% 5.2% 7.5% 
Code Walkthrough 9.4% 10.2% 11.6% 7.9% 6.5% 6.1% 
Process Walkthrough 8.3% 13.3% 9.0% 7.1% 8.9% 11.7% 
Progress Report 7.2% 4.6% 6.4% 8.2% 5.1% 8.2% 
Local peer-to-peer communication mechanisms 
Face-To-Face 17.1% 20.6% 16.7% 10.8% 9.0% 8.6% 
Regular Meeting 11.0% 8.5% 10.3% 9.5% 11.8% 11.2% 
Visiting Engineer 11.3% 6.9% 9.0% 12.9% 19.6% 14.4% 
Long distance peer-to-peer communication mechanisms 
Forums 8.4% 4.9% 8.3% 5.8% 4.2% 14.0% 
Electronic Chat 12.2% 17.1% 12.9% 15.5% 17.5% 6.0% 

5.3 Communication Rich Information (RQ1.2) 

In terms of providing rich information for local site communication, a mix of technic-
al (architecture) and local peer-to-peer (face-to-face) communication mechanisms 
were perceived to provide the richest information (see Table 6). For PLA and PLC, 
face-to-face provided the richest information, while PLB participants viewed architec-
ture as the richest source. It is interesting to note that PLB participants viewed process 
walkthrough as a criterion that provided rich information, while PLA and PLC partic-
ipants perceived process walkthrough among the least effective communication  
mechanism for providing rich information. For global sites communication, all three 
SPL agreed that architecture provided the richest information. Moreover, a visiting 
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engineer was viewed, by all three SPL, to be a good communication method for rich 
information. The main difference between the three SPL related to how long distance 
peer-to-peer provided rich information. PLA and PLB participants perceived electron-
ic chat as a good source of rich information, while PLC participants viewed forums as 
a good source. 

Table 6. Relative importance of richness 

 Richness 

 Local Global 

 PLA PLB PLC PLA PLB PLC
Technical communication mechanisms 
Architecture 12.6% 18.2% 14.4% 17.7% 18.1% 17.4% 
Change Management 6.7% 7.9% 7.0% 7.6% 5.3% 6.2% 
Code Walkthrough 11.6% 9.7% 8.2% 10.0% 8.5% 8.8% 
Process Walkthrough 6.7% 14.1% 7.3% 6.5% 8.6% 11.3% 
Progress Report 6.4% 4.4% 5.6% 8.7% 6.1% 7.5% 
Local peer-to-peer communication mechanisms 
Face-To-Face 17.7% 17.5% 16.3% 9.7% 7.9% 6.2% 
Regular Meeting 9.7% 5.7% 10.3% 6.9% 8.2% 9.7% 
Visiting Engineer 10.0% 6.5% 9.0% 15.5% 14.6% 13.6% 
Long distance peer-to-peer communication mechanisms 
Forums 8.0% 6.1% 12.1% 5.7% 5.6% 13.3% 
Electronic Chat 10.5% 9.9% 9.9% 11.8% 17.1% 6.0% 

5.4 Communicate Large Volume of Information (RQ1.3) 

Looking at which communication mechanism provides the largest volume of informa-
tion, both PLA and PLB participants viewed technical communication mechanisms as 
providing the largest volume of information. Architecture was perceived as the pre-
ferred criterion when sharing large volumes of information. PLA participants viewed 
code walkthrough and PLB participants viewed process walkthrough as the second 
most suitable criterion respectively. Unlike PLA and PLB participants, PLC partici-
pants viewed forums (long distance peer-to-peer) as the criterion that provided the 
largest volume of information, which is a surprising finding. Moreover, regular meet-
ings were perceived as equally good as architecture for distributing large volumes of 
information. For global sites communication, the results with regards to providing 
large volume of information were similar to the results of providing rich information. 
Architecture was viewed by all three SPL as the preferred criterion for sharing large 
volumes of information. Moreover, PLA and PLB participants perceived electronic 
chat as a way of sharing large volumes, while PLC preferred forums. In addition, PLA 
and PLB participants identified visiting engineers, while PLC participants viewed 
regular meetings, as other good communication methods for sharing large volumes of 
information. 
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6 Discussion  

The result of the survey shows that a number of communication mechanisms are more 
important than others in local and global environments. While no single mechanism 
meets all three needs of speed, richness and volume perfectly, when examining the 
results across the three product lines, the prevalence of architecture in providing rich 
information in large volumes, for both local and global communication, can be clearly 
observed. This has important implications for SPL engineering, which uses product 
line architecture as a driving force in developing software products. It indicates that 
traditional SPL engineering practices and artifacts have the ability to act as reusable 
items, reused as a communication mechanism enabler. This finding is expected as 
architecture establishes a method of effective communication through a common 
vocabulary [1]. Not only does architecture make large-scale reuse possible, by estab-
lishing component definitions and proper interfaces, it also provides for orientation of 
different development teams systematically producing different parts of the system 
[15], while the impact of distance, language, and culture are minimized [16]. This 
provides a potential solution for a fundamental challenge for GSE: the communication 
and coordination between distributed teams working on different areas of product 
development. This also implies that SPL engineering can be used efficiently and ef-
fectively in organizations that have globally distributed teams.  

Further examination of the results by product lines show that, communication be-
tween development teams, locally or globally, is also dependent on their development 
practices. Taking the communication practices for local sites into consideration, it was 
mostly peer-to-peer communication methods, such as face-to-face conversations and 
electronic chat that provided information in a relatively fast manner across all product 
lines. Communication mechanisms that allow for mass distribution of information, 
such as forums and architecture, generally rated lower in terms of speed of distribution. 
This may be attributed to the fact that such mechanisms were generally qualitative and 
textual in nature, requiring time to comprehend. In the case of global communication, 
face-to-face conversations were replaced by an equivalently fast communication me-
chanism, a visiting engineer. This indicates that personal contact is largely associated 
with faster dissemination of information. However, the importance of a visiting engi-
neer is not consistent with the findings of Smite, which found that communication 
conducted through meeting in person was very seldom used [24]. In addition, McDo-
nough et al. found that email and databases were the fastest communication tool, while 
face-to-face was considered as providing the richest information [15].  

The importance of local peer-to-peer communication mechanisms is not surprising; 
however, having regular meetings (part of local peer-to-peer communication mechan-
isms) was not viewed as being among the top three fastest communication mechanisms. 
This indicates that the participants referred to informal and ad-hoc communication when 
talking about face-to-face communication. This result is consistent with several studies 
[4, 6, 10, 12] that point out the importance of informal communication for the success of 
GSE. One reason why regular meeting was not viewed in the top three fast communica-
tion mechanisms may be the difficulties of using formal communication channels to 
handle unexpected events [10].  

The influence of development practices on the communication mechanisms used 
was more evident in the criteria of richness and volume. In particular, electronic  
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forums were rated considerably lower in PLA due to developers working more close-
ly on their own products, rather than relying on shared artifacts. Greater use of shared 
artifacts correlates with an increase in the use of mechanisms that provide large vo-
lumes of rich information. This was evident in PLC, which heavily utilizes shared 
artifacts, where electronic forums and architecture were ranked higher when com-
pared to other mechanisms.  

In summation, the prevalence of architecture in providing rich information in large 
volumes, both for local and global communication can be observed. This may indicate 
that software architecture can enable communication in SPL in a globally distributed 
software development context. 

7 Threats to Validity  

In this section, threats to validity are discussed. We consider the four perspectives of 
validity and threats [28], i.e. construct, conclusion, internal and external validity.  

Construct validity is concerned with the relation between theories behind the re-
search and the observations. The variables in our research are measured through in-
terviews, including open-ended aspects where the participants are asked to express 
their own opinions, and a questionnaire. To avoid evaluation apprehension [28], com-
plete anonymity from other participants, and researchers was guaranteed. Another 
validity threat lies in the questionnaire that asked the participants to rank communica-
tion practices and include additional practices if the list provided to them was inade-
quate. Participants may have thought that it was easier to rank the provided factors 
than propose new factors. Hence, important communication practices may be missing.  

Threats to conclusion validity arise from the ability to draw accurate conclusions. 
The interviews were conducted at different branches and each interview was done in 
one work session. Thus, answers were not influenced by internal discussions. To ob-
tain highly reliable measures and to avoid poor question wording and poor layout, 
several pilot studies were conducted.  

Internal validity is related to issues that affect the causal relationship between 
treatment and outcome. Threats to internal validity include instrumentation, matura-
tion and selection threats. In our study, the research instruments were developed with 
close reference to literature relating to GSE, and influenced by a previously admini-
strated and validated research instrument [14], which mitigates instrumentation threat. 
Maturation threats are handled by keeping the interview session to 60 minutes.  

External validity is concerned with the ability to generalize findings beyond the ac-
tual study. Qualitative studies rarely attempt to generalize beyond the actual setting 
since it is more concerned with explaining and understanding the phenomena. The 
nature of qualitative designs also makes it impossible to replicate since identical cir-
cumstances cannot be recreated. However, understanding the phenomena may help in 
understanding other cases and situations. The participants selected may not adequate-
ly reflect the diversity of opinion on current practice communication mechanisms. 
The small sample size used in this study may also indicate that conclusions made may 
not be generalized across the software industry. Hence, the results of the study must 
be interpreted with caution when moving away from the characteristics of the studied 
case organization. 
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8 Conclusion  

This paper presents the results of an empirical study that examines the importance of 
commonly used communication mechanisms across local and global development 
sites. To the best of our knowledge, there is no empirical study that specifically ex-
amines the aspects of communication mechanism, in product lines, for their ability to 
transmit information quickly, to transmit rich information and to transmit large vo-
lumes of information. 

This study has shown that some communication mechanisms are more important 
than others in a local and global environment. While there are some differences be-
tween the three product lines, peer-to-peer communication mechanisms are perceived 
to be particularly important at a local level, and to provide a faster speed of communi-
cation at a global level. Software architecture was generally perceived to communi-
cate large volumes of rich information at both a local and global level. Participants 
across all three product lines understood the relative importance of architecture in the 
global environment when compared to other communication mechanisms. This indi-
cates that SPL engineering has the ability to utilize a globally distributed development 
environment and that a heavy reliance on software architecture can enable communi-
cation in SPL in a globally distributed software development context.  

This study is only a first step in understanding commonly used communication 
mechanisms in SPL in a global development context. Given the limitations with the 
sample size, there is opportunity for future research to replicate this study across vari-
ous cases and across different industries. Future work should focus on the detailed 
utilization of software architecture or other SPL engineering assets for GSE. This 
could provide improvements for these artifacts to be more useful in a global context. 
It also could provide ideas for improving the global SPL engineering process in terms 
of work distribution and management. 
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