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A B S T R A C T

Context: The principal focus of lean is the identification and elimination of waste from the process with respect
to maximizing customer value. Similarly, the purpose of agile is to maximize customer value and minimize
unnecessary work and time delays. In both cases the concept of waste is important. Through an empirical study,
we explore how waste is approached in agile software development organizations.
Objective: This paper explores the concept of waste in agile/lean software development organizations and how it
is defined, used, prioritized, reduced, or eliminated in practice
Method: The data were collected using semi-structured open-interviews. 23 practitioners from 14 embedded
software development organizations were interviewed representing two core roles in each organization.
Results: Various wastes, categorized in 10 different categories, were identified by the respondents. From the
mentioned wastes, not all were necessarily waste per se but could be symptoms caused by wastes. From the seven
wastes of lean, Task-switching was ranked as the most important, and Extra-features, as the least important
wastes according to the respondents’ opinion. However, most companies do not have their own or use an es-
tablished definition of waste, more importantly, very few actively identify or try to eliminate waste in their
organizations beyond local initiatives on project level.
Conclusion: In order to identify, recognize and eliminate waste, a common understanding, and a joint and
holistic view of the concept is needed. It is also important to optimize the whole organization and the whole
product, as waste on one level can be important on another, thus sub-optimization should be avoided.
Furthermore, to achieve a sustainable and effective waste handling, both the short-term and the long-term
perspectives need to be considered.

1. Introduction

Many embedded software development organizations have adopted
agile software development methods with the goal of handling several
of the challenges associated with the development of software-intensive
products – such as dynamic environments, hardware dependency, and
longer lead times due to product complexity and interdependencies [1].
As software by itself has little intrinsic value and its value appears when
it enables delivery of products and services (embedded), it is more
useful to think of software development as part of product development
[2,3,4]. Lean principles and practices are about improving the product
development system in order to increase the speed and quality and
deliver value to customers [2,4,5]. Thus, Lean principles can be seen as
operations to guide the practice of agile software development - espe-
cially in the embedded software domain [3,4,6].

In lean principles, all activities and work products that do not
contribute to customer value are considered waste (or Muda) [2,5,7].
The first principle of lean software development is to manage waste and
focus on the identification and elimination of waste from the process
[2]. However, despite the fact that waste reduction and elimination has
been suggested as the first step towards the process improvements in
lean, the concept of waste is relatively unexplored in the literature
[8,9–12]. How do the software development organizations (SDO) de-
fine waste, what do they actually consider to be waste, and how do they
eliminate or measure waste?

To investigate these questions, we conducted an empirical study to
explore the concept of waste to see (a) how waste is defined and used in
practice, (b) how it is prioritized and measured, and (c) what activities
exist to reduce or eliminate waste in agile software development or-
ganizations developing embedded software. This paper presents the
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results of an empirical study including data collected through in-depth
interviews with 23 respondents from 14 different software development
organizations based in Sweden.

The remainder of this paper is organized as follows. In Section 2, the
background and related work are presented. The research methodology
is described in Section 3, and Section 4 presents the results and relates
the findings to previous studies. Section 5 holds the main conclusions.
In order to distinguish between various wastes mentioned in our study,
depending on if they are 1) one of the seven wastes of Lean, or 2) ad-
ditional suggested wastes extracted from peer-reviewed literature, or 3)
wastes and related aspects of wastes resulted from our study, we have
denoted them differently and have used Italic Fonts for the first group,
“quotation mark” for the second group, and Starting with capital letter
(plus an ID showing which category they belong to) for the third group.

2. Background and related work

Since the introduction of agile manifesto in 2001 [13], agile
methodologies with the promise of satisfied customers through early
and continuous delivery of valuable software have attracted many
practitioners. Many software development companies have readily ac-
cepted agile development methods such as extreme programming [14],
SCRUM [15] and lean software development [2].

The success of many of the practices of agile software development
can be explained by understanding the principles of lean software de-
velopment [2]. The main principle of lean is the identification and
elimination of waste from the process with respect to customer value
[2]. While a substantial amount of papers (e.g. [16–23]) have been
published in recent years on issues related to agile and lean software
development, few studies (e.g. [6,8,10–12,24–26]) have dedicated their
focus to investigate the agile and lean core concepts i.e. value creation
and waste elimination.

The use of lean principles in the software development field and the
term “Lean Software Development” as an agile toolkit, was introduced
for the first time in 2001 [2]. Poppendieck and Poppendieck [2] be-
lieved that software development is just a subset of the overall product
development process and state that “it is the product, the activity, the
process in which software is embedded that is the real product under
development”. Thus, they suggested that “in a very real sense, we can
call software development a subset of product development” [4]. In
Lean Development in addition to the suggestion that companies should
look for eliminating waste everywhere in their processes, a set of seven
wastes that are common wastes, are suggested to be watched for, as
these wastes happen and exist in most of the organizations [2,4,5]. In
order to aid software development to identify and eliminate the waste
easier, the seven wastes of manufacturing have been translated into
seven waste of software development as follow:

1. Partially-Done-Work refers to those works that are not implemented,
integrated or tested and tends to become obsolete, and the main
problem with it is that you might not know if it will eventually
work.

2. Extra-Processes are those processes that are not necessary (such as
paperwork) or those that can be delayed to the end of a process.

3. Extra-Features might seem harmless and it may seem even a good
idea to put some extra features into a system just in case they are
needed, but on the contrary, it is a serious waste.

4. Task-Switching is a source of waste and every time that software
developers switch between tasks, a significant switching time is
incurred as they get their thoughts into the flow of the new task.

5. Waiting is one of the biggest wastes in software development and is
usually waiting for things to happen e.g. delays in starting a project,
delays in reviews and approvals, delays in testing or deployment.

6. Motion is about the amount of effort and motion takes a developer to
find out the answer to their question/need. It could be a need to
solve a technical problem or the need to access customer or

customer representatives or the need to see the results of a test.
7. Defects are a self-evident source of waste in software development

processes. The amount of waste caused by a defect is the result of the
defect impact and the time it remains undetected [2].

Later, Poppendieck and Poppendieck [4] revisited the seven wastes
of lean software development, made few changes and introduced “Re-
learning” and “Handoffs”. “Relearning” is defined as “rediscovering
something we once knew and have forgotten it” and “Handoffs” are the
loss of tacit knowledge when work is handed off to others [4].

Lean development can also be approached from the “flow” point of
view, as described by Toyota [27]. In this approach, the focus is on
improving the “flow” or a smooth way of working, which is the elim-
ination of unevenness [27,28]. Mandic et al. [29] look at the “flow” as a
collection of interconnected value creation points in order to aid in
understanding the source of the waste. They suggest two super-classes
of waste sources that are “interconnections of the value creation points”
and “inability to inject value in a value creation point”. It is suggested
that the use of the two suggested super-classes can help in the decision-
making processes and the decision flow. This is done through unveiling
new sources of waste, and four of these sources which are “avoiding
decision-making”, “limited access to information”, “noise or informa-
tion distortion” and “uncertainty” are proposed [29].

Although the software industry can learn a lot from the manu-
facturing domain, agile teams and organizations are better understood as
self-organizing complex adaptive “systems”, which have emergent
properties [12]. Hence, waste can have different meanings in such sys-
tems and there are more aspects to be considered. Thus, Power and
Conboy [12] suggest calling wastes "Impediments to flow" instead. They
propose nine impediments, of which six are equal to six of the wastes
identified in lean [2]. One of the three additional suggested impediments
is called "failure demand” and it partly (if not fully) overlaps with the
waste of Defects [2]. The other two additional suggested impediments are
“handovers” and “unmet human potential” [12]. “Handovers” occur
when incomplete work is handed over from one person/team to another.
They impede the flow of work by adding delays, requiring more people,
or the loss of knowledge during the handover from a person/team to
another. Though, this waste could be seen as part of or related to the
waste of Task-Switching in lean software development. “Unmet human
potential” is the waste of not using, or promoting people's skills/abilities
to their full potential, which may lead to not having the workflow as
efficient or as effective as possible [12].

Looking at the product development field in general, three addi-
tional wastes have been suggested to the set of seven wastes of lean by
Pessoa et al. [30]. The three additional wastes are: (1) “correcting”, (2)
“wishful thinking”, and (3) “happening”. “Correcting” is the redoing or
scrapping due to feedback, which the authors separate it from the waste
of Defects. “Wishful thinking”, means making decisions without the
needed input/data, or operating based on incorrect or insufficient
controls that do not guarantee the value delivery. “Happening” includes
all reactions to unexpected happenings in the environment, which
could result from changes of the internal environment such as struc-
tures and/or rules, or from failing to forecast the external changes such
as business, customer and market changes [30].

Studies focusing on waste in software development companies, only
a few are empirical studies that have been conducted in the real in-
dustrial setting. One of the studies reports a set of wastes that have been
identified through an observational single-case study [33] and com-
pares the set of identified wastes with the set of seven wastes in [4].
Although, not all of the identified wastes are necessarily waste and may
better be explained within e.g. productivity issues. According to the
study [33], four of their identified wastes are not described in [4],
which are called “Unnecessary complex solutions”, “Extraneous cog-
nitive load”, “Psychological distress” and “Ineffective communication”.
The identified root causes for “unnecessary complex solutions” are
feature complexity, technical complexity and/or a lack of reuse [33].
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“Extraneous cognitive load” is based on a theory that suggests that the
working memory is limited, and if overloaded, it may inhibit us from
learning and problem solving [33]. Thus, the cognitive loads, un-
necessarily added by the task environment or the way the task is pre-
sented, creates waste [33]. "Psychological distress" refers to job-related
psychological distress, which may cause absenteeism, burnout, lower
productivity and several health problems [33]. “Ineffective commu-
nication” refers to incomplete, incorrect, misleading or absent com-
munication, and imbalance communication, large team sizes, and in-
efficient meetings reduced productivity [33].

In [11], Kanban (one of the lean development tools [28]) was used
in the case company to address the seven wastes of lean. The results
showed that Kanban was useful in visualizing and organizing the cur-
rent work, though, unable to prevent the waste from happening [11]. In
another case study conducted at a telecom company [34], they looked
into waste detecting indicators and identified four indicators. The in-
dicators are 1) the flow of maintenance request through the main-
tenance process with regard to continuous value creation and high
throughput, 2) the inflow of maintenance requests, 3) the analysis of
lead-times, and 4) the analysis of workload.

In order to eliminate waste, it is important to understand value, as
value and waste are two concepts that go hand in hand. A relevant
practice in this regard is a practice known as Value Stream Mapping
(VSM) [31]. VSM is one of the lean practices recommended for process
improvement purposes in lean organizations, to optimize the process of
value creation and eliminating waste [2,4]. Through visualization of
the current state map of a process/product, VSM assists to identify
bottlenecks in a process that impedes it from flowing at its optimum
[31], and it is suggested as a good method for discovering waste,
evaluating, and improving the software development processes [2]. A
study conducted in a telecom company to identify waste-related pro-
blems in a software product customization process using VSM, showed
that the identified solution using VSM was useful for improving the
company's software development process [8]. In a similar study [10]
VSM was integrated with a more deliberate approach towards value
aspects, using the Software Value Map [25]. The results showed that
using the software value map was useful both for general improvements
and also waste elimination, as well as enabling practitioners to defined
and qualify value in the context of waste removal. That is a deeper
understanding and more complete definition of value also allowed
practitioners to better identify activities that did not produce value.
However, due to its time-consuming aspect and the difficulties that
come with performing a VSM [32], it has not seen a wide use. Fur-
thermore, to evaluate the value creation process, there are not many
suggested metrics, except for some to measure time and costs [31],
which are project focused and regard short-term value considerations
only. Long-term value and waste considerations require predictions and
estimates on a more advanced level [31].

One of the few studies focused on the concept of value is our pre-
vious study reported in [26], which investigates how value is defined
and approached amongst various software development organizations
as perceived by the companies themselves. Therefore, unlike a VSM
evaluation that looks into a particular company's processes and pro-
ducts, in [26], as an empirical base we studied the companies’ per-
ception of value, to get an understanding of state-of-practice and to
identify common ground and perhaps the most important value aspects
and perspectives amongst various organizations in various domains. We
asked our study participants to state what they consider the value and
then they were asked to prioritize the value aspects. All the stated value
aspects were then sorted into categories or the so-called value per-
spectives and aspects, using an existing software value map [25]. Our
result showed that Customer related aspects were the most important
value perspective amongst all various types of organizations, and de-
livery time was ranked as the most important aspect of it. Perceived
quality was another important aspect that most of the organizations
agreed upon.

However, our study [26] did not investigate the concept of waste at
all as studying value was complex enough. Although value and waste
are related, studying both concepts in the same study would require the
introduction of two concepts as well as the elicitation of the definition,
use, and understanding of both concepts and the relationships between
waste types and value types. We judged that any organization mature
enough to have well-defined waste and value concepts would volunteer
this information during the current study, but we opted to focus on
waste and only be observant of if value became a part of the discussion.
As the result indicate (see Section 4) we can see that value was only
brought up on a very superficial level in relation to waste, as an ex-
ample a practitioner stating “the concept of value needs to be explored".
When pressed on the issue the view and use of value were very much as
confirmed in our previous study [26]. Delving deeper into the details on
the "value" in this waste study would have prevented us from delving
deeper into the waste concept itself. This was a deliberate trade-off,
albeit not optimal in any way, necessary due to time and resource
limitations.

Overall there are only a few studies [8,10,11,33,34] looking into
waste in software development organizations. Even among these, none
try to elicit the actual practical and complete view on waste, rather
touch on parts of waste and often study the phenomenon indirectly.
This study on waste is considered meaningful as it tries to catch prac-
titioner's views, definitions, and handling (measurement, removal) of
waste.

3. Research methodology

We used a qualitative research method in this study [35–37]. The
qualitative research fits the purpose of our study as it is concerned
with studying matters in their natural setting, discovering causes
remarked by respondents and understanding their view of the pro-
blem [35,36,38]. The purpose of this study was to increase the un-
derstanding of the concept of waste in practice as well as which
wastes are considered the most important in agile software devel-
opment organizations utilizing agile/lean development methods. The
data collection method used in this study was semi-structured in-
terviews with open-ended questions. Since the concept of waste may
be defined and approached differently amongst the Software Devel-
opment Organizations (SDO) and be contextually dependent, we
chose interviews over other data collection methods. The interac-
tions between the interviewer and the interviewee could aid in
clarifying potential ambiguities when necessary, and it helped to
uncover the different definitions and approaches associated with
wastes. The following research questions provide the focus for the
investigation.

RQ1: How is the concept of waste seen and defined in SDOs using
agile/lean approaches?
RQ1.1: What wastes are considered most important by SDOs using
agile/lean approaches?
RQ2: How is waste approached, eliminated, and/or measured in
SDOs using agile/lean approaches?

3.1. Research design and data collection

Planning/Selection. We aimed at interviewing two roles within each
software development organization. The first role was responsible for
the overall development process and had different titles such as
Project/Process Manager (PM), agile expert/driver, scrum master,
which are all abbreviated as PM, as it can be seen in Table 1. The
second role decides on selection and prioritization of the requirements
for implementation purposes, often known as Product Owner (PO), but
also in a few cases were called technical expert and business consultant.
However, all the roles had the same responsibility in essence and are
abbreviated as PO in Table 1.
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Table 1
Software development organization (SDO) and the study respondents.
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The sampling strategy was a combination of maximum variation
sampling and convenience sampling [37]. For each company, we con-
tacted a “gate-keeper” to identify the two respondents that would best
fit the defined target roles. Another advantage associated with the
"gate-keepers" is that they could help in keeping the selection process
free from any personal interests and/or biased influences. Depending on
the size of the organization and the definition of areas of responsibility,
the selected roles could be represented either by two respondents or
only one. In total, 23 respondents (13 PMs and 10 POs), at 14 Software
Development Organizations (SDO) from nine companies participated in
our study which resulted in 23 data points (see Table 1 for details).

All 14 SDOs used agile methods and developed embedded systems,
however, varied in respect to size, type of products, and application
domain. A characterization of the SDOs (following the guidelines of
[39]) can be seen in Table 1.

Data Collection. The data was collected through semi-structured in-
terviews with open-ended questions [35]. All interviews were con-
ducted in English and varied in length from 60 to 90 min. All the in-
terviews were conducted face-to-face. In order to facilitate and improve
the analysis process, in addition to the written extensive notes and
paper sheets that were marked during the interviews, all the interviews
were recorded. The questions were answered from the perspective of
the respondent's role and SDO.

The interviews were divided into three distinct parts. In part one,
the respondents talked about their role and their responsibility/activ-
ities within their role, as well as information about their agile devel-
opment environment and processes. To this end, the respondents were
given a list of 58 agile practices [41] and were asked to mark and
identify which practices were utilized in their organization.

The second part of the interview focused on Value, in which re-
spondents were asked to identify and prioritize Value Aspects that are
important for their SDO. The results from this part are reported in [26].

The third part of the interview focused on waste, what the re-
spondents consider as waste, how they deal with it, and how they
eliminate and measure it. Finally, the respondents were asked to
prioritize the seven wastes of lean [2]. This prioritization was per-
formed using a paper sheet with three columns. The first two columns
included the seven wastes of lean and their respective definition. The
last column was left empty for the prioritization of the seven wastes in
relation to the importance of controlling/eliminating the wastes. The
prioritization ranged between 1 and 7 where 1 indicated the most im-
portant and 7 indicated the least important waste to be controlled/
eliminated.

In some of the interviews, one respondent and one interviewer at-
tended, while in others two respondents and one interviewer were
present. The purpose of the researchers was that independent from the
interview setup if it was conducted jointly or separately, all the re-
spondents would identify wastes and prioritize the seven wastes of lean
independently. However, few respondents preferred to prioritize the
seven wastes of lean jointly. If the respondents prioritized the seven
wastes of lean independently or jointly, is shown in Table 1, under the
column identified as "Prioritized the seven wastes of lean".

The interview guideline for this study can be found in the provided
link at the bottom of this page.1

Analysis. All the collected data, the recordings and the written ex-
tensive notes, were analyzed using content analysis [35,36]. In content
analysis, the focus is to generate findings from the collected informa-
tion, thus one of the essential aspects of content analysis is the use of
categories [36]. In this study, first, we entered all of the collected in-
formation, both from the recordings and the written extensive notes,
into spreadsheets in order to facilitate the data analysis. Then, once the
collected data were read and coded, all of the codes were organized into
higher abstraction level codes, and finally assigned to a category. Each

of the identified categories (See the categories in Table 3 (W1–W10),
Table 6 (A1–A9 and P1–P4), and Table 7 (M1-M5)) were then discussed
and refined among the authors. The categories originated either from
prior literature [2,4] or from the collected data. The analysis of data
was an iterative and interpretative process where the authors had the
opportunity to get back to respondents in case of uncertainties. The
results from the analysis are found in Section 4.

4. Results and analysis

4.1. Cases studied and agile practices used

To enable a better understanding of the agile development en-
vironment and the SDO's use of agile practices the respondents were
asked to identify the practices utilized in their SDOs using a list of 58
practices [41]. How many practices are used per SDO is shown in re-
sults visible in Table 2. In addition, the frequency of each utilized agile
practice is shown in the last column. It is worth to mention that ac-
cording to Agile Alliance list of practices and mapping the practices into
various agile-tribes/ areas of concern [42], practices number 32 (Lead
time) and number 47 (Kanban Board) in Table 2, are considered Lean
practices, and practice number 43 (Definition of Done) it is a shared
practice between Lean and Scrum.

In Table 2, respondents with the same letter ID belong to the same
SDO, and the IDs correspond to the SDO and the respective roles, as
shown in Table 1. For example, respondents A1 and A2 are both from
SDO A and have the roles of Agile Driver (A1) and Product Owner (A2).
The last two rows in Table 2 show how many agile practices were used
per respondent and per SDO.

As can be observed in Table 2, there are discrepancies between the
statements from respondents within the same organization as to which
agile practices are used, e.g. see SDO H. During the interviews, the
respondents individually (except for the respondents from SDO F,
identified with F1, F2, and F3) selected agile practices used, hence
discrepancies were expected to some extent since "using" a practice is a
matter of judgment. In addition, as the roles of the respondents were
different, each respondent may not come into contact with all or the
same practices. The focus of the study was, however, to study waste
explicitly, and not what agile or lean practices were used. The mapping
of the used practices should be seen as background data to be poten-
tially used as part of the analysis (as can be seen in Section 4 and its
subsections).

The average number of used agile practices was 26. With regards to
the domain and the size of the SDO, we could not find any statistically
significant correlation between use of agile practices and the domain, or
the size of the SDO. The only difference between the domains and used
agile practices was the number of used practices. The average number
of used agile practices in the defense and consultancy industry was 37
and 36 respectively, while the telecom industry had an average of 26,
with the automotive industry coming in at 19.

4.2. Waste and industrial use (RQ1)

As waste elimination is important in both lean and agile, we asked
the respondents to first define waste, provide examples of waste(s)
found in their development processes, and characterize the identified
waste(s) and the importance and impact it may have in their practical
application of agile. This was done without giving them any sort of
account of waste types up-front as we did not want to influence them at
this stage.

The responses varied amongst the respondents and a few re-
spondents could not define waste at all. The reasons for this could be
that the respondents had not been exposed to these types of questions
before, or they had not thought about waste in terms of what it really
means and implies. On the other hand, some respondents answered by
providing examples from the development environment that could be1 https://gubox.box.com/s/jjq82crqd0uugr8lw1xe62v32hjlzvzx.
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Table 2
Use of agile practices amongst the study respondents.
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considered as waste. In general, not all the definitions of waste nor the
provided examples/types of waste provided by the respondents in this
study were the same or overlapping with the definitions and/or types of
wastes found in state-of-art in literature, e.g. in [2,12,29,30]. For ex-
ample, one respondent defined waste as "anything that doesn't make it to
the release, is waste", implying that product features/qualities not de-
livered were a waste of time to investigate, and/or to develop. Another
respondent defined it as “non-efficient way of working”, focusing on the
development process characteristics and not the product artifacts. On
this line, one respondent defined waste simply as “bottlenecks”, while
other definitions included “functions or features laying in the queue”, and
“unused features which are the result of the Lack of enough knowledge/
information about the customer and the products use”. One respondent
defined waste similar to the definition in [12], that is, waste is “if
something happens against the flow”.

A summary of the identified wastes can be seen in Table 3, cate-
gorized into 10 categories (W1-W10). In Table 3, an “X” in a column
means that this waste category was identified by the respondent, e.g.
W10 was identified by respondent B2 only. The last column,

“Frequency”, shows the total number of respondents who identified
each category of waste, e.g. seven respondents identified W1 in-
dependently.

Wastes related to processes (W1) were identified by more than 30%
(7 out of 23) of the respondents. Examples of statements related to W1
were “hard to learn the processes” or “unnecessary processes” such as
“useless reporting”. One reason why several respondents pointed out
wastes related to processes may be related to the status of the studied
SDOs. That is, the majority of the SDOs either stand in the phase of fully
adopting agile processes or scaling it to the whole organization, further
discussed below. Comparing the wastes mentioned under category W1
to the findings in [26], “processes” and “way of working” were men-
tioned and ranked amongst the important value aspects for the SDOs.
This indicates that processes and way of working play an important role
in the SDOs. However, it is vital to find the right balance and an opti-
mized way of working, as processes can create more value if organized
properly, but they can also generate Waste, if otherwise.

The second most mentioned waste category was related to re-
quirements and design (W2), identified by five respondents. One

Table 3
Wastes identified by our respondents.
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respondent stated, “complex architecture highly oversized, they are built to
support changes but with the first change they fall apart”, while another
respondent stated that “we have the waste of developing wrong products…
we need to design the right thing and just enough”. This is similar to the
experiences reported by Reinertsen [43], which showed that 95% of the
participated managers admitted that they begin the design before all
requirements are known, and the average product developer begins to
design with 50% of the requirements. It was also found that managers
normally avoid asking if the next phase of development activities have
started, and developers do not mention that they have already moved
on, and so this way of working might continue to happen over and over
again [43]. Moreover, in a case study [33] comparable wastes were
observed. One of the wastes is called “Building the wrong feature or
product” which addresses the cost of creating the wrong feature/pro-
duct. The other waste is called “Unnecessarily complex solutions”
which is similar to the identified waste by our respondents (W2), caused
by unnecessarily heavy architecture/design. The findings in [26]
showed that “customer perceived quality”, “product architectural
value” and “functionality” were ranked amongst the most important
value aspects for the SDOs in the study. This indicates that the SDOs are
aware of the value of a good architecture and design, as well as the
effect it has on overall product quality and customer satisfaction.
However, the remaining and most important challenge is to find ways
to minimize the waste and increase the efficiency through better and
optimized designs/architecture.

Moreover, W1 and W2 (see Table 3) are issues that have the po-
tential to produce various types of wastes by doing re-works instead of
value-adding activities. Not well-defined requirements (W2) might re-
veal their waste-producing side faster than other factors such as In-
efficient architecture design (W2), which may have long-term side ef-
fects. Authors in [12] put forward an impediment called “failure
demand”. “Failure demand” refers to a demand put on the resources of
a system such as the organization and teams caused by its own failure,
and leads to an impediment to flow through consuming time and effort,
which could have been instead used on value-adding activities. In-
efficient design (W2) has relation to what has been defined and iden-
tified as “failure demand”.

Looking at the sources of waste identified in [29], we find correla-
tions between the waste called “noise or information distortion” and
our identified wastes in W1 and W2. “Noise or information distortion"
can appear in two formations of time and space. The "time distortion"
happens when information is not updated, recorded or remembered. If
considering the wrong requirements to be a result of not updated or
recorded information, we can identify similarities between the wastes
in W2 and the waste described as “time distortion”. “Space distortion”
happens when actors are distributed across different levels or units of
an organization [29]. If looking at processes as a connecting tool that
passes the information from one context (e.g. developer) to another
(e.g. manager), then this source of waste corresponds with the wastes
identified in W1.

Management and organizational aspects (W3), No/hard-to-get-ac-
cess-to customer information (W4), and Pre-studies and Proof of con-
cept (W5) were all identified as waste, and each group identified by
four respondents (Table 3). Amongst the aspects that were identified as
non-value adding/waste by our respondents in W3, two activities of
Unnecessary documentation or presentations, and Formal approval of
different phases/processes were mentioned. However, there are activ-
ities, or regulatory mandates (e.g. compliance documentation or formal
approval/approval processes), that are not directly value adding, but
still necessary [44]. As if regulations are not adhered to, it might incur
even more waste, or loss of opportunity for the SDO as reverse en-
gineering or liability of broken contracts might be a factor [45]. Insights
into the context of an organization are central to avoid sub-optimiza-
tion pertaining to waste identification and elimination [10].

Another aspect mentioned in W3 was Non-homogeneous ways of
working. This identified aspect may indicate challenges related to

unsuccessful organizational management with regards to adopting new
development methods. The responses from the respondents imply that
it does not work well when an organization is not homogeneous in
terms of way-of-working, or when some parts of the organization/teams
follow agile methods while others do not. One respondent elaborated
on this by stating that "they ask us if the specification is ready for the sub-
system and we answer yes, it is done for the sprint… But it is not ready by
the end of the last sprint, because it is developed iteratively… the actual
design review template has the question in it because it is designed based on a
waterfall way of working and doesn't match the agile way of working…". To
some extent, this may be attributed to agile transitional issues [55], but
also to the fact that eventually, organizations end up using a hybrid
development methodology (agile in combination with plan-driven)
[46]. Looking at the findings in regards to important values for SDOs
[26], “processes” and “way of working” were amongst the highest
ranked value categories. This indicates that waste caused by Non-
homogeneous ways of working, regardless of its root- cause, whether it
is organizational management or the processes itself, needs to be ad-
dressed.

From a waste perspective, the overall goal of the agile im-
plementation is important to communicate as it dictates what could and
should be categorized as waste. Several respondents stated that some of
the meetings and presentation sessions (related to W3), which are or-
ganized/requested by higher management, are considered as too many
meetings, not very useful, or lacking clear agendas. One respondent
explained, "we have too many meetings… and an excess of people in the
meetings, not all of the people is necessary to be there… maybe if we could
sort people better and those who need to be there…". Many meetings or
meetings running over time, has been identified and discussed in pre-
vious studies too, that might vary in different projects and organiza-
tions based on the cultural differences [33,47]. However, meetings are
not necessarily waste, as long as they are well prepared, right people
attending, and the right and needed knowledge is shared [48].

Lack of trust (W3) between management and development teams, or
between different teams, was another waste expressed by the re-
spondents. The respondents believe that the need to “monitor every-
thing” is the result of a Lack of trust and it introduces waste and un-
necessary activities by itself. One respondent explained why trust is
important, “trust is important, we need to trust each other and it is not a
top-down process, [especially] when transforming towards agile/lean…
there are constant challenges in change processes, roles are constantly
changing”. Trust is one of the critical factors for the success of agile
methodologies [49], and the complexity of moving to a trust instead of
control focus is a common problem in agile transformations [50]. The
trust related statements in this study indicate that despite the emphasis
on trust in agile methodologies, the SDOs have had problems in trusting
their own organizations while adopting agile methods. However, they
have come to this realization through experiences in changing how they
work. Trust is linked to productivity and quality of the product – where
monitoring was also not an enabler of trust [51]. Formal approval of the
processes (W3) could also fall under the trust related issues, if the re-
quest for Formal approvals appears due to a need to control people,
rather than regulatory mandates and other formal requirements. “Un-
certainty” is one of the sources of waste identified in [29], which is also
related to the identified aspects of W3. If people are not respected, the
quality of decisions and the level of knowledge creation will be poor, as
people, knowledge creation/utilization, and decision making are clo-
sely related [29].

No/hard-access-to-customer information (W4) was also observed as
a source of waste by the respondents. The development team has either
to rely on guessing and assumptions or to wait for information that
leads to late deliveries. This could lead to the known wastes of Extra-
Features (L7) or Waiting (L3) or even Partially-Done-Work (L6) (see
Table 4), depending on the circumstances and decisions made. In [33],
a waste called “Building the wrong feature” was identified and one of
the observed causes of this waste was either not involving business
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stakeholders or slow stakeholder feedbacks. The identified waste cate-
gory W4 is similar to the “wishful thinking” waste as suggested by [30].
"Wishful thinking" waste implies making decisions without the needed
input/data or operating according to incorrect or insufficient controls
that do not guarantee value delivery [30]. Another suggested source of
waste, which also corresponds with our identified category of waste
(W4), is “limited access to information” [29] and points out the fact
that in order to make decisions, actors need to have access to the re-
levant information sources. So, no-access/hard-access to information
might end to create other forms of wastes, that are the consequences of
decisions that were either never made, or were made poorly due to
insufficient information. Comparing the wastes mentioned above to the
expressed value aspects of the study [26], “Customer relationships” and
“Knowledge of feature value for customer” were mentioned amongst
the important values. This indicates that practitioners are aware of how
important it is to understand the customer needs, how the product is
going to be used, which features are the most important, etc. However,
facilitating effective first-hand access to this kind of information is still
an important challenge which needs to be addressed.

Pre-studies and Proof of concept (W5) for items that do not make it
to the final product were also considered as waste (Table 3); however,
these could be unavoidable in some cases. Moreover, if seen from a
revenue point of view, customers may pay for Pre-studies (W5). Thus,
in addition to other benefits such as gaining new knowledge, Pre-stu-
dies can also bring revenue to the SDO and thus be value adding rather
than just waste. Furthermore, a pre-study might be a pre-requisite for a
non-inclusion decision of, e.g. a feature, that is developing the feature
without a pre-study might result in waste, potentially more waste than
incurred by the pre-study itself. In fact, this waste-creation potential has
been mentioned in a study and described as “wishful thinking” [30].
“Wishful thinking” refers to making decisions without the needed
input/data or operating based on incorrect or insufficient controls that
do not guarantee the value delivery.

As shown in Table 3, three respondents identified wastes related to
third party and external suppliers (W6) which were mainly related to
the communication difficulties with external parties, or within dis-
tributed/global development. There were other studies too [29,33] that
have mentioned comparable wastes to what is identified in W6. The
source of waste described in [29] is “space distortion” and it happens
“when actors are distributed across different levels or units of an or-
ganization” [29]. Waste identified in [33] is called “ineffective

communication”, and similarly, one of its causes was observed to be
“distributed stakeholders”. Lack of communication/efficient commu-
nication may not be a waste per se, but rather it may lead to other
wastes such as Waiting (L3 in Table 4), Motion (L4 in Table 4), or Extra-
Features (L7 in Table 4). Communication can be seen as overhead of
sorts, but necessary overhead in some organizations (by overhead we
mean those extra efforts that are put on a task which can be avoided by
improving how the task is performed [52,53], for example improving
the readability of a document e.g. by ordering it alphabetically, or
changing a communication tool or ways of communication to a better
one, etc.). After all, it is important to remember that “bad or insufficient
communication” is what actually incurs waste [54].

In addition to the six above discussed wastes (W1-W6), four more
categories of waste (W7-W10) were identified by either one or two
respondents (see Table 3). W7 it is the same as Partially Done Work from
the seven wastes of lean software development [2], which later in our
study, we asked our respondents to prioritize amongst the seven ori-
ginal wastes of lean software development and the result of that
prioritization (including Partially Done Work) is presented and dis-
cussed in Section 4.3.

The identified wastes W8-W10 (Table 3), such as Trouble-reports
(W8), Re-works, Re-inventing the wheels and No common design pat-
terns (W9), Right features but late, and Late to market-window (W10)
could be symptoms of waste rather than wastes in themselves. For ex-
ample, W9 and W10 are signs and warnings of ineffective knowledge
management [63] and project management [64]. Mandic et al. [29]
identified avoiding decision-making to be one of the sources of waste
and associated it with the inability to inject value when there are no
decisions made to transfer adequate knowledge to the software product
or process. This is related to the identified waste category W10. W8, on
the other hand, could indicate an excess of Defects, insufficient system
tests, or other quality related issues. Hence, W8 would fall in the waste
category of “correcting”, that is the redoing or scrapping due to a
feedback [30]. Wastes stated in W9, such as Re-works and Re-inventing
the wheels are related to the descriptions of the waste of Relearning [4]
and also the identified wastes of “Knowledge loss” [33]. “Relearning”
refers to the waste of “rediscovering something we once knew” [4], and
“Knowledge Loss” is “the cost of members rolling off the team” [33],
which both are related to the aspects identified in W9, such as “Re-
inventing the wheels” as mentioned by one of our respondents. A forced
Rework (W9), could be related to the waste of “Failure Demand” [12]

Table 4
Prioritization of the seven wastes of Lean.
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also. “Failure demand” refers to a demand put on the resources of a
system such as the organization and teams caused by its own failure,
and leads to an impediment to flow through consuming time and effort.

4.3. Prioritization of the seven wastes of lean (RQ1.1)

To aid agile/lean software development in finding and eliminating
waste, Poppendieck and Poppendieck translate the seven manu-
facturing wastes to seven software development wastes – called the
seven wastes of lean [2]. We introduced the respondents to the waste
concept according to [2] and asked them to prioritize the seven wastes
in relation to how important they are to control and eliminate. We
opted to use the seven wastes of Lean as a basis for this as it is the most
established explicit waste concept in software-intensive product de-
velopment. We also wanted to compare the companies and respondents’
priorities and motivations as to their priorities. Using one base for the
prioritization was important in this respect.

A scale between 1 and 7 was used, where 1 indicates the most im-
portant waste to control/eliminate and 7 the least important one. The
results from the prioritization of the seven wastes (L1–L7) are shown in
Table 4 (the column with each respondent's ID (A1–N) shows the in-
dividual prioritization of the seven wastes). To not to influence the
respondents’ assessments before they had a chance to think about waste
themselves, this was done after the respondents could contribute their
own views and definitions of waste (as described previously).

The average score shows that Task-Switching (L1) is seen as the
most important waste to control/eliminate. One of the respondents
explained, “you are in the middle of developing a feature and then you
have to take care of a defect, or because of a team member's special
competent ". Another respondent associated Task-Switching with lim-
ited resources, many requirements and being constantly over-scoped.
The consequence of the problem was expressed as: “this means that you
sometimes might make decisions that are short-sighted". Another re-
spondent added that even if it could be detrimental, Task-Switching
might have some positive aspects as well, such as “if the person learns
something”. On the other hand, 26% of the respondents did not con-
sider Task-Switching among the most important waste to control/
eliminate, as they ranked it between the fifth and seventh place (i.e. the
least important one). We examined the prioritization results based on
the respondents’ roles (PM and PO), and the domains. We could not find
any correlation between the prioritized wastes and respondent role.
However, looking at the domains, the respondents from the consultancy
domain did not prioritize Task-Switching among the most important
waste (on average), rather they ranked it as the third most important.
Respondents who had the highest number (+ 40) of utilized agile
practices in their processes (see Table 2), prioritized Task-Switching as
the most important waste to control/eliminate. One possible inter-
pretation could be that development organizations employing the most
agile practices in their development processes have more issues with
Task-Switching. Either in the form of noticing the issues more, or as a
part of their process while using more agile practices - that is less
planning and more prone to change, and so adapt to the changing en-
vironment. One might argue that this could lead to more reactions re-
sulting in more switching, however, this is the matter of trade-off and to
choose amongst the options with the highest priority/benefit. Though,
this is not always an easy task to see or predict all the aspects, as it
needs to take both the short-term and long-term effects of e.g. Task-
switching into account, and to consider various aspects of it such as if it
influences on developers’ productivity, customer satisfaction, avail-
ability of different skills within the teams, and so on. In a study that
investigated the seven wastes of lean in a Kanban software development
project [11], the result showed that Task-Switching was time-con-
suming and created some wastes. However, on the positive side, Task-
Switching could also be used as an option to fill Waiting time.

After Task-Switching (L1), Defects (L2) was considered the second
most important waste to control/eliminate, and only 26% of the

respondents did not prioritize Defects amongst the first four important
wastes. The reason could be that Defects, especially in the embedded-
systems context, play an important role. Defects result in significant
cost, but can also cause various levels of consequences depending on
the product and the interdependencies between components and the
interface between hardware and software [1]. One of the respondents
elaborated on his/her given priority by stating that “I don't see it [De-
fects] as waste in general, we have defects, we expect to have defects, and we
have to have ways to take care of it.” In lean, defects are seen as waste;
however, one could argue that it can be seen as overhead and not waste.
If the cost of finding/fixing a Defects is higher than the cost of not
finding/fixing it, a Defects can be considered overhead rather than
waste. Actually, from a lean perspective, hunting and fixing these kinds
of Defects is the waste, not the Defects itself [10,52]. Thus, it is im-
portant to differentiate in relation to the relative cost of fixing and
finding Defects, but also when and how in the development process a
specific type of Defects is most cost-effective to identify [56,57].

Waiting (L3) was considered the third most important waste as seen
in Table 4.Waiting, as a waste concerning lead-time reduction, has been
seen in other SDOs too [8]. Similarly, in the part of our investigation
reported in Section 4.2, (see Table 3, category W3) the time that was
spent on Waiting for the formal approval, is what produced the waste in
fact, and not the approval itself, according to the respondents. Delays,
(as a result of Waiting (L3)), can also lead to increased costs. While
Waiting has been observed as an inseparable part of the projects [11],
and although some Waiting can be tolerated, the losses caused by
Waiting should be eliminated if seeking for an efficient progress.

With regards to prioritization of the remaining wastes, Motion (L4)
was ranked as the fourth most important waste to control/eliminate,
followed by Extra-Processes (L5) and Partially-Done-Work (L6), as shown
in Table 4. Although not many studies have been conducted on waste
and their relative importance, however in [8], Motion and Extra-Pro-
cesses were identified as wastes associated with lead-time issues. Waste
of Motion (L4) could be due to collecting customer information that is
needed for software development purposes, and as we could already see
in Section 4.2, that No/hard access to customer information (W4) was
amongst the first four categories of wastes identified by our re-
spondents. Similar to the identified problem by our respondents, Ward
[58] states that the most frequent waste in development is a waste of
knowledge. Ward [58] divides knowledge waste into three categories
which one is called “scatter”. “Scatter” is described as actions that
disrupt the flow of knowledge, which could be due to communication
barriers for example [58]. Seeking for the needed knowledge, regard-
less if it is due to communication barriers or any other reason, and if it
is related to customer information or other internal information, can
lead to waste of Motion (L4).

In regards to Extra-Processes (L5), we can see a relation and partial
overlap between the wastes related to processes (W1) (Table 3) that was
identified as number one category of wastes (in terms of the frequency
of respondents who mentioned it) and the L5. However, when we later
asked our participants to rank amongst the seven wastes, Extra-Processes
(L5) is ranked as number 5, based on the average number. One ex-
planation could be that our respondents could not see these two wastes
as related to each other, and observed Extra-Processes only when they
appear in more obvious forms such as unnecessary paper works or
documentation.

Partially-Done-Work (L6) on the other hand, was identified and
mentioned by our respondents in the exact same term, as we can see in
Table 3. There too, Partially Done Work (W7) was not amongst the
frequently mentioned wastes and was identified by only two of our
respondents. It is suggested that Partially-Done-Work tends to become
obsolete and you might not know if it eventually works [2]. However,
the agile approach, on the other hand, suggests that you select few
initial functions, start implementing them and you might leave them
behind if the result is not satisfactory for customers [59]. If our re-
spondents looked at Partially-Done-Work from such a viewpoint, it is
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Table 5
Mapping of the wastes identified in this study with wastes from literature/other studies.
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not surprising that they did not prioritize it amongst the most important
wastes.

A similar waste, which has relation to Partially Done Work (W7/L6),
was observed in another study [33]. There, it was called “Mismanaging
the backlog”, however, we found some similarities between some of the
mentioned root causes of their observed waste and W7/L6, such as “not
enough ready stories” and “delaying testing”.

As seen in Table 4, Extra-Features (L7) was seen as the least im-
portant waste, based on the ranking by respondents of our study, to
control and eliminate. One of the respondents reflected on this, “we
have always a problem to get to the level that was requested…and if that, I
would not see it as a waste I would see it as a bonus”. On the other hand,
26% of the respondents prioritized Extra-Features among the top three
most important wastes to control/eliminate.

We examined the data for possible correlations between the prior-
itization of Extra-Features and roles and/or domains. Although we did
not find any correlation in regards to roles, an interesting result was
seen when looking at the domains. The consultancy domain, unlike the
other three domains, prioritized Extra-Features as the most important
waste. The respondents from the consultancy domain argued that Extra-
Features were those features that were added without a proven need or
valid hypothesis. Thus, adding Extra-Features significantly slows down
both the feedback and the revenue generation. Many organizations fail
to see the hidden economic costs of Extra-Features [12]. The highly
prioritized Extra-Features may indicate a higher level of responsibility
towards revenue and cost aspects amongst the consultancy organiza-
tions and thus has resulted towards a better understanding of the im-
portance of Extra-Features [60]. It may also show that consultancy-
based organizations have more sensitivity towards agile concept and
practices such as time-boxing. Time-boxing in agile methods helps to-
wards focusing on the customer and it reduces gold-plating [61]. De-
spite the available knowledge about excessive software development
practices (and extra features as a part of it) that are risky and might
have a variety of negative consequences on the project schedule, quality
and costs, the causes of excessive practices are diverse in nature. Var-
ious factors play a role, e.g. which stakeholder is at fault, in which
project phase it takes place, and whether it can be avoided or not [60].
In some cases, Extra-Features are not considered waste as reported by
Ikonen et.al [11], instead, were seen as usability improvements. Even if
the Extra-Features could increase the chance of defect/malfunction and
may consume time, the Extra-Features were beneficial for the customer
of the project [11]. Avoiding gold-plating extra-features, but weighting
this towards increased value for users, or for that matter, internal as-
pects such as maintenance is a difficult trade-off to a fast-paced good-
enough release of agile environments.

4.4. Overall reflection and recap

Wastes and some of the other waste-producing activities identified
by our respondents, directly or indirectly, relate to the organization and
the way of organizing processes. Looking at W1 and W3 (see Table 3),
half of the respondents (48%) expressed wastes merely related to pro-
cesses or organizational aspects of the processes. Since most of the SDOs
in this study are still in the processes of fully adopting agile and scaling
it to the whole company/organization, this could be the result of a non-
homogeneous organization in terms of ways-of-working [62]. Agile
methodologies emphasize collaboration and are based on value-focused
strategies [13]. Thus, for the agile teams, avoiding non-value-adding
activities and removing obstacles towards value, echoes a natural part
of the adoption. However, based on the results from the investigated
SDOs in this study, to differentiate value-adding from waste does not
appear as a completely clear or easy process.

As discussed in Section 4.2, we asked the respondents what they
considered waste, and we did not steer the respondents by giving them
the traditional seven wastes of lean. The stated different types of
wastes, difficulties, and matters leading to waste, and also indirect

waste creating activities, resulted in a total of 10 categories of wastes
(W1-W10). From the 10 categories, only one waste, Partially-done-
work (W7), is exactly as Partially-Done-Work (L6 in Table 4) from the
seven original wastes of lean software development. However, there are
of course other partial overlaps between the wastes stated by re-
spondents and the seven wastes of lean, e.g. W1 is related and partly
covered by definition of Extra-Processes (L5). Aspects discussed in W2
are somewhat related to Extra-Features(L7), W4 is somewhat related to
Waiting (L3), and parts of description matches with the definition of
Motion(L4). Parts of aspects mentioned in W5 are related to Extra-
Processes(L5), and the same applies to Trouble-reports (W8) which is
partly related to Defects (L2).

A summary of the relations between the wastes identified and pre-
sented in our study with the seven wastes of lean [2] is shown in
Table 5. Also, the noticed similarities and relations between the wastes
identified in our study and other wastes observed/suggested in other
studies can be seen in Table 5. If our identified wastes were related to
either one of the seven lean wastes or wastes from other literature, the
crossing cell between the two wastes states "Related". If not all the as-
pects, but part of the aspects discussed in our identified waste category
was related to the seven wastes of lean or other literature, the crossing
cell shows "Partly related". If the two stated wastes were exactly the
same, it is written "Overlap".

4.5. Waste reduction and elimination (RQ2)

The majority of the respondents rely mainly on traditional process
assessment and improvement activities for waste reduction. More than
half of the respondents (13 out of 23) stated activities that are cate-
gorized under Processes (A1), as illustrated in Table 6, Part 1. Looking
at Table 6, “X” denotes a waste reduction category mentioned by a
respondent, e.g. A9 was mentioned by respondent D2. The last column
“Frequency” shows the total number of respondents who identified a
category, e.g. 13 respondents identified A1.

The waste reduction activities (Table 6) were mostly related to
various practices or methods of agile or lean processes. One of the re-
spondents stated “Lean transformation” as an activity towards waste
reduction and elimination. Thus, assuming that changes in the process
and applying certain practices would reduce waste, while actually
identifying and targeting waste as a concept directly, was not applied as
the main activity. Two of the respondents stated the use of tools (CASE
tools) as waste reduction activities. Another respondent identified
Kanban as a good “tool” for identifying waste, stating “Kanban is a good
thing for identifying the waste… those that are blocking the flow, process”.
Similarly, results from other studies show that Kanban can be an ef-
fective method in visualizing and organizing current work, and also
perhaps in striving for minimizing the non-value-adding work. How-
ever, Kanban does not prevent waste from creeping in [11]. There exist
other methods such as Value Stream Mapping (VSM) [4] that have
shown utility in waste identification [8,10]. VSM methods are centered
on value-adding and non-value-adding elements and the separation
between the two. In recent years, due to its value-focused policy, the
capacity to analyze and design flows at the system level and across
multiple processes; VSM has attracted great interests amongst software
engineering community [10]. Thus, for all the SDOs that have value
creation and waste reduction as their goal, VSM may offer a targeted
way to identify waste.

In addition, the results in this study show that, except for a few
stated activities such as Test-improvements (A6) and Risk reduction
activities (A8), which are initiated at project management level, the
majority of the waste reduction activities are happening at the team or
individual level. A supporting, and interesting statement came from two
respondents from the same SDO. The respondents stated that their
waste reduction activity is “to make the wastes visible to the upper man-
agers”. So, expressing that waste identification is up to the individual
team members, however, in order to take proactive waste identification
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and elimination action, explicit methods could largely benefit SDOs as
well as enabling waste to become visible to managers [10]. In lean, the
active identification and elimination (or avoidance) of waste on all le-
vels (from individuals developing to top management) is central. To
avoid waste and sub-optimization, waste identification and elimination
should be coordinated both locally and centrally, as well as top-down
and bottom-up.

We also asked the respondents how they could improve or change

the way waste was identified and handled in their SDO currently (see
Table 6, Part 2). Out of nine respondents who expressed their ideas, five
identified a need to Talk about waste and increase the awareness of
waste (P1). To facilitate waste awareness, one respondent suggested
using Similar-terminologies and a Common-language (P4). Moreover,
two respondents stated that "the concept of value" and "what is value for
customer" needed to be explored in order to be used as a guideline for
waste reduction activities (P2). Overall, the concept of value and

Table 6
Waste reduction activities and suggestions.
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communicating and establishing a joint understanding of value was
discussed as a prerequisite for waste identification, and "putting a price
on tasks" and the relative value of performing a task (P3) was also
suggested in the same regard. Looking into value as a concept, various
aspects from internal and external values need to be taken into con-
sideration to avoid sub-optimization [10]. For example, removing a
documentation activity in a project can be seen as waste removal (as it
may not be needed by the project), but a sub-optimization from a
product perspective as e.g. product managers may need this doc-
umentation activity to provide decision support for future planning. In
this case, something that is considered as waste on the project level, if
removed as waste, generates a sub-optimization as all value aspects of
the activities were not seen in advance [65,66]. Thus, there is a need to
separate waste from overhead [10]. Furthermore, it has been suggested
that it is likely that most of the seven wastes will become apparent in all
software development projects if process assessment uses them as a
focus for analysis [11]. Thus, what remains important is that the focus
of analysis might be revised and adjusted continuously, either based on
different time and stages of the development processes or different
weight or effect of wastes, or other relevant consideration and priorities
such as company/domain specific aspects.

4.6. Waste measurement (RQ2)

To determine which parts of the SDO, or the development process,
that have the potential for improvement/waste reduction, it is im-
portant to have measurements or evaluations depicting of the current
status. Accordingly, we asked the respondents if, and how, they mea-
sure waste in their SDO respectively. The majority (61%) of the re-
spondents do not have any measurement in place or do not measure
waste, as shown in Table 7. As there are metrics already used and could
be relevant as indicators of waste measurement [4], e.g. cycle time or
defects, the result shows that the importance of waste measurement and
the effect of waste on the overall productivity of the organizations are
not fully recognized. Alternatively, that waste as a concept is hard to
grasp thus hard to measure or apply current measures to, especially that
some waste is potentially recognized already. One of the respondents
elaborated on the difficulties of measurement by stating that, “it
(measurement) is hard because we need a baseline to measure. You have to
come up with some sort of KPI (Key Performance Indicator) in order to do
it” . However, in order to create a “baseline”, organizations need to start
to measure at some point and waiting for a baseline that does not exist
and it is dependent to a measurement itself, only introduces a double-
blind and the so-called catch-22 [66]. Moreover, it has been suggested
that companies, in particular within the embedded development do-
main, can build their own history database with baselines for estima-
tion purposes and quality planning [1], and similarly, the use of some
custom metrics amongst the agile teams has been reported [67]. It is
essential to actually define what an organization intends to measure

and why, in order to define useful metrics and avoid introducing un-
necessary measurement cost [68].

In addition, we asked the respondents to express any type of in-
dicators that they think could aid in seeing the effects of waste and
ultimately aid in the reduction or elimination of waste. According to
one of the respondents, the “team's failure to deliver in time” could be
seen as an indicator. The respondent further explained, “when somebody
has been dragged from our team, we can show at the end of the sprint that
this is the amount of work that has not been done, because of this person who
was dragged out to do other things”.

As shown in Table 7, Defects (M1), Lead-time (M2), Team-velocity
(M4), and Trouble-reports (and the reduced cost of it) (M5) are the
main measurements or indicators stated by the respondents as potential
waste indicators. In previous research, some of the identified indicators
such as lead-time [34] and workload analysis [34], which is similar to
team-velocity [69], are in line with what has been identified by our
respondents.

The result of a systematic literature review study on metrics in agile
and lean software development organizations [67] shows that re-
quirements engineering, specification, and design are seldom measured
in such organizations and only as part of “the whole development
cycle”. As discussed in [67], the explanation could be that these pro-
cesses are not considered important in agile software development, or
there is no need for a separate measurement and only as part of the
whole development cycle. However, the result of our study shows that
these assumptions might not be always true, as we can see in Table 3
under the second most frequently stated category of wastes called W2.
Our respondents have observed and considered requirements and de-
sign as important aspects and leading towards creating more waste if
not taken care of in the right time and correct way.

Some finding reveals that in agile organizations the target of mea-
surements are the product and process, but not the people [67]. Simi-
larly, we did not receive any response indicating the use of such mea-
surements, or as part of their suggested future plans. One explanation
could be that agile software development relies on the assumption that
teams are capable enough in such ways that the team members can
improve themselves without any metrics. However, measuring and
taking human aspects into account, in terms of different personalities,
collaboration, communication, and other human behavioral factors, has
been recognized as central in terms of impact on efficiency and pro-
ductivity [33,49,67,70,71]. Moreover, in [70] it has been highlighted
that some of the common agile practices, in addition to their benefits,
can also cause some frustration and apprehension amongst team
members, and so from the management perspective it is important to be
aware of that, and address it where needed. Human factors become
even more important when the product and teams are large [67].

Overall, the result and the statements by the respondents, empha-
size the need to establish better and more holistic measurements and
indicators for waste. The usefulness of measurements [9] and the need

Table 7
Waste measurements.
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to provide better estimates in embedded software development to en-
able adequate benchmarking data has been raised in previous studies
[1]. People have difficulties in understanding what an impediment
(waste) is, how to see it, how to measure and quantify their impact, and
how to reduce waste in general [12]. Yet, how to measure waste in such
a way that all the various influential factors are considered, what the
best indicators are, and how to create metrics that can aid SDOs to
measure both the effect of wastes and also the effect of waste elim-
ination activities, requires further investigation and research.

5. Threats to validity

Like any other studies, there exist threats to validity that are worth
discussing. To discuss the possible threats, we have followed the four
perspectives of validity threats presented in [38].

Construct validity. The construct validity reflects on to what extent
the studied operational measures correlate with the constructs of its
research questions [38]. The variables in our research were measured
through open-ended interview questions where the respondents were
asked to express their own thoughts. In order to minimize the risk that
the respondents may have misunderstood the researchers and/or the
questions asked, due to e.g. the use of different terms and references,
peer debriefing was used [38]. Peer debriefing suggests carrying out the
research by a group of researchers instead of one, which may lower the
risk of being biased towards one researcher's views and perceptions.
Thus, peer debriefing helps in asking the questions in the right way and
using proper terms that were understood by the respondents. Moreover,
we involved research colleagues, who had the experience of working in
a similar research study, for their feedback during the research design
process. We have also used triangulation for the data collection or to be
more precise for the selection process of the interviewees. Triangulation
is when the researchers take different perspectives on an issue under
study [36]. Data triangulation was implemented by incorporating
subjects from various software development organizations with dif-
ferent domains (see Table 1) and by combining the data from two
groups of the respondents with respect to their roles. This widens the
perspective of the collected data to some extent and reduces the risk of
acquiring only one specific view [36]. Another threat is related to the
presence of a researcher during the interviews. The respondents may
have felt exposed to express their views, which may have influenced
their answers. To minimize this threat, the respondents were guaran-
teed of anonymity and were assured that the answers from the inter-
views were only to be used by the researchers. A third threat to con-
struct validity is related to the selection process of the companies and
the respondents. We selected the companies within our industrial net-
work as it would provide us with the necessary trust of the companies.
Since the respondents were not fully randomly sampled, there is a
threat to selection bias that the proposed respondents were only those
who had an interest or positive attitude towards lean and waste con-
cepts. However, the respondents were chosen based on their roles and
through a “gate-keeper” at all the companies.

Internal validity. Internal validity is seeking to establish a causal
relationship whereby certain conditions are believed to lead to other
conditions [38]. If the effect of a treatment on an outcome has been
wrongly concluded, without considering a third factor (which is the
cause of the effect), the study has a low degree of internal validity [40].
According to Yin [40], internal validity is mostly for explanatory and
causal studies rather than descriptive or exploratory studies. However,
during the data analysis, triangulation was used to increase the internal
validity of this study, through the use of literature, in order to confirm
or refute the findings from the case study.

External validity. The external validity is concerned with the ability
to generalize the results, and to what extent the findings can be
transferred to other cases [38]. However, the objective of qualitative
studies is seldom to generalize beyond the actual setting and its focus is
rather on explaining and understanding the investigated phenomena.

While there are researchers, e.g. Hagg and Hedelund [72] who argue
against the generalizability of case studies, Runeson and Host [38]
suggest that the intention of case studies is to enable generalization,
where the findings extend to cases with common characteristics, and
therefore the outcomes are relevant. With respect to the common
characteristics, all the SDO in this study were using agile software de-
velopment process and developed embedded systems. Also, under-
standing the investigated phenomena in one situation may help in un-
derstanding other situations. However, in order for the findings to be
considered generalizable, it must be possible to compare and relate the
context and characteristics of the case companies in this study to other
situations and the context of interest. To help the reader to understand
the relevance of the study, and perhaps to compare with other settings,
the characteristics of each company and each interviewee in this study
are presented in Table 1 and the use of agile and lean practices per each
SDO are presented in Table 2.

Reliability. These threats examine the degree to which the analysis is
dependent on the specific researcher, e.g. if the interview questions or
the coding process are not clear [38]. In order to improve reliability, an
interview guideline was created to make sure that all relevant aspects
were covered in all interviews. Moreover, in order to decrease the risk
of wrong interpretations while taking the notes, all interviews were
recorded. In addition, a member checking technique was used during
the interview session for the prioritization of the seven wastes of lean.
Also, the paper sheets with the written definitions of each waste helped
in assuring that the respondents prioritized the seven wastes with the
same understanding and consistent definitions of each waste.

6. Conclusions

We studied the concept of waste and probed professionals for de-
finitions on how they viewed, identified, and ultimately worked to-
wards minimizing waste. Overall, waste is a concept that is always
relevant, and waste-minimization is a part of the core “philosophy” of
both lean and agile. In more “traditional” plan-focused development
methodologies, the main tool for removing waste/issues is process as-
sessment and improvement. In agile/lean this is still true, but the major
quality assurance of “way-of-working” is the learning activities con-
tinuously achieved, the awareness, and the identification and elimina-
tion of waste, using activities such as retrospectives [15]. Thus, it is
important to not only consider both bottom-up and top-down waste
reduction activities, but also to “optimize the whole”, the whole orga-
nization and the whole product the whole time [3], including but not
limited to all stakeholders, managers, teams and individuals, as well as
design and development, test and maintenance parts. Since people are
the main component of the software development processes, in order to
investigate waste and its root causes and to establish waste reduction
and improvement strategies, it is important not to neglect people and
human-related factors [12,67]. Furthermore, for waste reduction stra-
tegies, both the short-term and the long-term perspectives need to be
considered to achieve a sustainable return on investment [10].

Waste is a relative concept, and one organization's waste can be
another organization's necessity. However, awareness of, and the defi-
nition, discussion, and joint understanding within an SDO is a pre-re-
quisite for waste identification and reduction. In our study, we see that
practitioners mention many types of “waste”, but there is little agree-
ment; waste types and what constitutes waste identified in state-of-the-
art is not used as a base. This is made worse by the fact that many
organizations that are agile/lean, work in a hybrid manner in fact,
where islands of agile exist nestled in a traditional plan-driven orga-
nization. This generates a mix of waste concepts. For example, parts of
the organization want to “know the requirements” before design, or
have a “good” design before development starts. This seems to be at
odds with the “fail fast”, “fail often” and “learn as you go” idea of agile/
lean, and in itself introduces waste, as the interface between the agile
and non-agile parts do not work. Artifacts like pre-studies that are not
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developed in time by non-agile parts of the organization, are delivered
too late for a sprint and thus are never used, in essence, the effort and
the artifact itself becomes waste. There is also a lack of trust that creates
(for the agile parts) overhead in terms of meetings, coordination, and
reporting, as well as monitoring to strive for control. In this type of
environment, it is not hard to understand why it is difficult to share an
understanding of waste, not to mention the ability to measure and re-
move it.

It is also possible to see it the other way around. A pre-study that is
performed can result in a product or feature not being developed. This
might save the development organization significant costs as the
"wrong" thing is avoided, to begin with. The pre-study thus is an in-
vestment in avoiding waste and should thus not be seen as waste in-
itself. Seeing the pre-study as waste can be seen as a sub-optimization in
thinking [66]. However, if the pre-study of this example is done re-
sulting in no action taken (even if the pre-study says no you do it) then
the pre-study is most certainly waste and so are the subsequent mis-
takes, that could have been avoided. Another example of overhead is
coordination. Coordination between teams, for example, might not lead
to direct value addition, but not coordinating might lead to defects and
misunderstandings, which in turn can lead to even more waste.

What exactly constitutes waste, and how to balance activities and
differentiate between waste and overhead is a very complex under-
taking that has to be performed across organizational levels to avoid
sub-optimization [53,66]. However, a base starting point for waste
identification and removal is to discuss and create a common under-
standing of what constitutes waste in an organization. Even if not
reaching an agreement, it can be still considered a success, as the
concept is discussed and awareness is raised. Following this, monitoring
and measurement and subsequent pre-emptive measures can be taken
to avoid the generation of waste – which should be a core goal of any
learning activity of agile and non-agile alike. The multiple case study
presented in this paper was motivated by ten years of actively working
with many agile and agile-hybrid companies, and the insight that waste,
and organizations’ understanding, and handling of waste was unclear
and often non-existent – this knowledge was, however, a “gut feeling”
and not substantiated. This study shows that waste is a concept re-
cognized and considered important by practitioners themselves, yet
very few explicit activities are performed to discuss and reach a
common understanding of waste. Further, almost none of the organi-
zations have any measurements or focus on identifying waste.

6.1. Future work

As agile/lean is reaching a status of de-facto industry standard, the
need for research into waste as a concept, and methods and principles
for handling waste, in both agile/lean and hybrid organizations are
needed. Practitioners in the industry can use lean's definitions or the
ones by e.g. Poppendieck and Poppendieck [2,4], as a base to start the
discussion. Software engineering research, on the other hand, has to
continue and research the area and develop methods, practices, and
principles that enable the measurement, identification, and effective
and efficient removal of waste as a part of agile/lean product devel-
opment methodology. One area that needs further research is the dif-
ference between waste and overhead, especially when it comes to
identification and measurements of wastes. In addition, another area
for future research is the identification of domain-specific vs. common
wastes. This could be done by conducting in-depth investigations
within different domains, as well as considering different types of
products/services and/or various customers within each domain.
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