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Preface

The LESS 2010 conference was the first scientific conference dedicated to advancing
the “lean enterprise software and systems” body of knowledge. It fostered interactions
by joining the lean product development community with the agile community
coupled with innovative ideas nurtured by the beyond budgeting school of thinking.
The conference was organized in collaboration with the Lean Software and Systems
Consortium (LSSC). The conference is established as a conference series. The idea of
the conference was to offer a unique platform for advancing the state of the art in
research and practice by bringing the leading researchers and practitioners to the same
table. Indeed, LESS 2010 attracted a unique mix of participants including academics,
researchers, leading consultants and industry practitioners. The aim of the conference
was to use this diverse community to advance research and practical knowledge
concerning lean thinking within the field of software business and development.
LESS 2010 had more than 60% of its speakers come from the industry and the
remaining from academia. LESS is poised to grow as we advance into future
iterations of the conference and become the conference for lean thinking in systems
and software development. Its growth and credibility will be advanced by the
communities and knowledge exchange platform it provides. LESS offers several
avenues for knowledge exchange to create a highly collaborative environment. Each
year, we aim to bring novelty to a program that fosters collaboration, letting new
ideas thrive during and after the conference.

Lean is a new word hitting software companies. Many consider it as the next step
after agile. Several methods and tools have already been proposed that present a blend
of agile and lean practices. We in the LESS conference aim to evolve bottom-up by
bringing different communities who have two common denominators—lean and
software or systems. This cannot be done without consideration of how any business
is run. For these purposes, the beyond budgeting school of thinking fits nicely into the
conference scope. Beyond budgeting is about rethinking how we manage
contemporary organizations where innovative management models represent the only
sustainable competitive advantage. In a holistic sense, beyond budgeting aims at
releasing people from the burdens of stifling bureaucracy and suffocating control
systems, trusting them with information and giving them time to think, reflect, share,
learn and improve. Similarly, agile was originally started as a movement towards
lighter weight process models and ways of working. Lean thinking promotes a holistic
system-like philosophy that encompasses the whole organization. LESS builds on
these schools to move forward—towards the software organization of the 2010s.

The LESS conference had mainly two types of submissions—academic
submissions with full or short papers and industry submissions with mostly short talk
proposals. Industry submissions attracted several leading consultants and practitioners
from large companies. All the full and short paper proposals (irrespective of whether
they were academic or industry based) were reviewed by at least two Program
Committee members. All the talk proposals were reviewed by Track Chairs. Track
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Chairs were fully empowered to design their tracks. The LESS conferences will
continue to build upon this value of trust and empowerment of communities to
develop novel, engaging avenues. The selected papers represent a diverse range of
experiences, studies and theoretical angles. The selected talks represent some of the
most eminent speakers from their respective communities. LESS 2010 was organized
in three tracks: (1) Scaling Agile to Lean, (2) Lean Product Development and
Innovation and (3) Beyond Budgeting. Furthermore, our distinguished keynote
speakers included Deborah Nightingale from MIT, Duc Truong Pham from Cardiff
Manufacturing Centre and Martin Curley from Intel. The conference also hosted a
range of other engaging avenues including tutorials, workshops, panels, open spaces,
lightning talks and social networking programs.

We would like to extend our deep gratitude to all those who contributed to the
organization of the LESS 2010 event. The authors, the sponsors, the chairs, the
reviewers, and all the volunteers: without their help this event would have not been
possible. Nonetheless, we thank the lean, agile and beyond budgeting communities,
whose integral role made this conference an exciting platform for sharing and
presenting innovative research. These proceedings continue that LESS journey, which
started in Helsinki, Finland.

August 2010 Pekka Abrahamsson
Nilay Oza
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Scaling Agile to Lean — Track Summary

Kieran Conboy' and Vasco Duarte”

! National University of Ireland, Galway
kieran.conboy@nuigalway.ie
% Nokia Corporation
vasco.duarte@nokia.com

There are many books, journals and articles explaining agile and to a much lesser
extent lean software development methods. Technical competences such as software
architecture, automated testing and quality assurance are key focal areas of these
materials on agile and lean methods. While some are prescriptive, there is often a
substantial difference between the textbook ‘vanilla’ version of the method and the
method actually enacted in practice. Prescribed practices are inevitably interpreted in
diverse ways or tailored to suit the specific needs of teams. The constantly evolving
technological environment that software development projects are enacted in also
highlights the need to tailor prescribed agile practices to work in emerging
deployment models, such as cloud computing and mobile computing. Quite a few
empirical studies focus on how agile methods were adopted, tailored and used in real-
world contexts (e.g., Rasmusson, 2003, Fitzgerald et al., 2006). However, there is a
distinct absence of lean software development cases, and cases of agile deployment
tend to be weak in terms of theoretical foundation, fail to build on previous lessons,
and often lack consistency and coherence (Abrahamsson et al., 2009, Conboy, 2009).
In the absence of sound, systematic research, there are few lessons learned across
studies, and thus the existing body of knowledge is somewhat fragmented and
inconclusive. A systematic and insightful understanding of agile adoption, tailoring
and execution is yet to be achieved, and research on lean software development is yet
to begin.

Meanwhile, there is a need to investigate the true extent to which agile and lean
software development creates business value and return on investment (ROI). This is
an important relationship since project failures are common: for example, the
Standish Group’s 2009 Chaos report finds that 32 percent of IT projects were
considered successful, 24 percent of IT projects were considered failures and 44
percent were considered challenged in terms of time, budget, and features — a
worsening situation compared with the 2006 survey results. Agile and lean software
development, with its emphasis on simplification and iterative development and a set
of guiding principles, has been embraced by many as a way of securing IT project
outcomes that create business value. However, despite the rising popularity of agile
methods, and the emergence of lean, rigorous empirical research into business value
and ROI of agile and lean is distinctly absent, which means that companies have to
rely on anecdotal evidence and make an act of faith when adopting agile and lean
methods.

P. Abrahamsson and N. Oza (Eds.): LESS 2010, LNBIP 65, pp. 12010.
© Springer-Verlag Berlin Heidelberg 2010
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Application of

Lean Principles Domains Lean Principles

« Eliminate waste
« Amplify learning
« Decide as late as possible
e Deliver as fast as possible

o Empower the team

e Build integrity in

Fig. 1. The Research Gap: Lean Principles in Evolving and Safety-critical Systems
Development

Therefore, a systematic and insightful understanding of agile adoption, tailoring
and execution, proposed by this research, is highly desirable. Our talks, papers and
panels make significant progress toward achieving these goals. Firstly we identify
problems with agile and where agile is simply not sufficient in resolving all of our
software development problems. Kati Vilkki deals directly with this issue in her talk
“When Agile is Not Enough”. We also look at the concepts of agile and lean and
really question what the benefits are, moving beyond simple acceptance of the often
purported benefits. JurgenAppelo’s talk on Complexity versus Lean and the panel
“Why Agile? Why Lean?” Both contribute to this. Scaling of agile and lean is also a
big issue tackled in this track. David Rico examines the scaling of agile and lean to
large projects and then on to programs, while talks by Ken Power, David Joyce, and
Dennis Stevens all talk about taking agile and lean beyond the team, focusing on ways
in which these concepts can be applied at an organisational level.
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Agile Transformation Study at Nokia — One Year After

Maarit Laanti

Nokia, P.O. Box 407, 00045 Nokia Group, Finland,
Tel.: +358 7180 8000
maarit.laanti@nokia.com

Abstract. Many organizations have started to deploy agile methods but only
few extensive surveys exist on the impacts of these methods. In this study, we
wanted to see if there is any change in the practitioners’ opinions after one year
of appliance, and if any real trends can be found from the data. The data were
collected using two questionnaires. The population of the first study contains
more than 100 respondents from three different continents (Europe, North
America, and Asia) and seven different countries and the second study 500 re-
spondents from the same organization. The results reveal that most respondents
are satisfied agile way of working and would like to stay in agile mode. They
also think using agile methods is important for the future. In two consecutive
studies we can see that the opinions of the people who have actual experience
on agile methods have stayed the same and that the general opinion towards
agility has remained extremely positive. We also show that the opinions are re-
flecting the actual experience on agile methods.

Keywords: software engineering, agile software development, software
processes, agile deployment.

1 Introduction and Related Literature

1.1 Current Status of Agile Adoption

According to a Forrester study, agile has reached mainstream: according to their sur-
vey, 35% of respondents are stated that agile most closely reflects their development
methods [1]. The growth of the usage of agile methods in last three years (from 17%)
has been remarkable [2]. This implies that the benefits of agile methods have been
widely recognized in the software industry. In addition, the existing numerous publi-
cations on agile methods in both scientific and non-scientific forums mainly seem to
report positive impacts of agile adoption. However, adoption of agile methods has
proven to be a challenging task [3]. It has been claimed that agile adopters are often
unaware of what agile adoption really means, and how broad a change is actually
required [2]. This paper is trying to reveal with statistical methods what is happening
in agile adoption in one specific organization. It is a study of two surveys conducted
one year apart (April 2008 and April 2009) in a large telecom software organization
(Nokia) during the course of agile transformation. The main agile model used can be
defined as scaled-up Scrum [4] as defined in [5] and [6]. In total, the 2008 survey data

P. Abrahamsson and N. Oza (Eds.): LESS 2010, LNBIP 65, pp. 3 2010.
© Springer-Verlag Berlin Heidelberg 2010



4 M. Laanti

include more than 1000 and 2009 survey data more than 500 responses regarding
different aspects of agile development from the viewpoint of various organizational
stakeholders. The goal of this paper is to study if a linkage can be found between a
person’s attitude toward agility and the experience (time) in applying agile methods in
practice. The paper should provide useful insight for organizations going though simi-
lar transformations.

1.2 Background

The fundamentals of agile methods, i.e., the values and principles behind the methods
(http://agilemanifesto.org/), define the underlying aspiration of agility. Agile Mani-
festo highlights the values of communication and collaboration, responsiveness, and
focusing on the implementation of working software. In agile principles, several more
detailed ambitions for agile methods have been defined.

Some studies report that the adoption of individual agile practices, or certain fun-
damentals of agile software development, has been undertaken to complement the
organization’s existing processes [7]. Often, the adoption of existing agile methods
may require their radical modification to fit the operative context [8]. Thus, it is no
surprise that several case studies report challenges in the adoption of agile software
development methods [3]. It has been reported that agile adopters are often not aware
of what agile adoption really means, and how broad a change is actually required [2].
Most large-scale adopters have had also to mix agile with their currently existing
methods, and compromise the agile orthodoxy [1]. This is in line with the thinking
that just having shorter iterations resulting in better quality may not be sufficient for
large companies producing complex software; a more holistic view on agility may be
needed [9].

Various success and failure factors have been proposed to be significant in the ag-
ile adoption phase ([10][11]). For example, it has been suggested [11] that for various
reasons, agile methods seem to polarize people and stakeholder groups into opponents
and supporters having very different standpoints regarding the usefulness of agile
methods for the organization. To overcome this, a fundamental change of philosophy
and the development of new behaviors are claimed to be required across the organiza-
tion [11]. A recent study proposes that the appreciation of agile methods seem to
increase once they have been adopted and applied in practice [10], which indicates
that while there is likely to be resistance among the agile adopters in the organization,
time and experience in applying the methods will have a positive effect on this
resistance.

It has been claimed that organizations that have failed in planning agile adoption in
systematic manner will generate sporadic results across the organization [11]. Ket-
tunen and Laanti have proposed a framework [9] for understanding the multidimen-
sional nature of agility that could be used as a basis for software process improvement
(SPI). Not all problems in software projects can be solved by software process meth-
odologies, but during agile transformation an organization can be seen as a force field
consisting of forces for and against agility [9]. Kettunen and Laanti have described
this force field as goals (what we try to achieve with agility), means (what we need to
put in place in order to be agile) and enablers (what needs to be in place before agility
can happen). They also present the outline for an agility evaluation grid containing
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hundreds of attributes collected from literature and categorized into goals, means, and
enablers.

This paper is structured as follows: Section 2 discusses research aims, context, and
data collection and analysis methods. Section 3 contains results with representative
statistics, research questions, qualitative analysis, and limitations. Section 4 covers
discussion of the main results and items for future study with final remarks.

2 Research Approach

In this section, the research aims, context, and data collection and analysis methods
are presented.

2.1 Research Aims

The level of success in software process improvement can be characterized in terms
of personnel satisfaction and whether the new process is actually used [12]. An effi-
cient process may be disliked by personnel, but such a process would not be compli-
ant with the agile value of team empowerment [4] and proper balance of decision
making centralization and decentralization [13]. Thus, it is of major importance to
study and understand the underlying factors affecting the satisfaction of stakeholders
towards agility in organizations adopting agile methods.

Currently, there seems to be a lot of hype related to agile methods yet limited em-
pirical evidence to support their usefulness [14]. Thus, it is important to evaluate how
sound agile methods really prove to be. The assumption here is that if agile is only
hype and provides no real improvement, adopters would initially be eager but would
then turn pessimistic after experiencing agile methods in practice. Alternatively, if
following agile methods would prove to be very difficult in practice, they might first
be quite optimistic and then become realistic, seeing it as something laborious but
necessary.

In this study, we first see how strongly a person’s background — i.e., the length of
the person’s experience with agile methods — impacts to perceptions of and satisfac-
tion with agile methods. The assumption is that when the study population is large
enough there is enough cases of successful agile adoption and we will be able to study
the general trends. Secondly, we want to study how these opinions have changed
during one year timeframe — i.e. whether the satisfaction towards agile methods has
more of a permanent nature or not. From a broader perspective, this provides us a way
to find out whether agility seems to be making a permanent entrance or if it will prove
to be another form of hype that will fade away. Thus the first research aim of this
study is to determine respondents’ opinions and attitudes toward agility and how they
change as the person gains more and more experience in using agile methods. The
following two research questions guide the quantitative analysis of the study:

R1) How does the respondents’ length of experience using agile methods in prac-
tice impact to their attitudes and opinions toward agile methods?

R2) How have the respondents’ attitudes developed during the one-year follow-
up period?
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2.2 Research Context

In the year 2008 survey we had more than 1000 respondents from 3 different conti-
nents (Europe, North America, and Asia) and 7 different countries. 90% of the re-
spondents represented Research and Development (R&D), while the rest represented
mainly Marketing, Design, or other support organizations. The total response rate was
33% from the population of the study. The year 2009 survey was done to same or-
ganization. However, the response rate in the current year 2009 survey was much
lower — in spite of our best attempts we only got 576 responses, which is significantly
lower than the year before. Was this because of the “agile” was already yesterday’s
news, and not so controversial topic as a year before? Or was this because people had
lost their interest in agility?

When comparing the respondent’s backgrounds from both surveys, we can see that
there is slightly more respondents with other than agile roles and bit less respondents
with scrum roles (product owner, scrum master and scrum team member). This could
be that only those people who thought the topic was new, important or controversial
answered the year 2009 survey; people who were less or more happy with the agile
methods in use and who were more concerned with everyday questions in did not
bother to answer. The left side of Figure 1 represents the background data from year
2008, and the right side of Figure 1 represents the background data of year 2009
survey.

Project/Pro Scrum
other 2008 gram Other 2009 Master
14% Manager 22% 11%
_\ 13% Product

Other, Project / owner
Product g
testing role program 8%
o Owner
7% N manager
12% 10%

Scrum

Scrum Master Other agile Scrum

. 13% rale Other team
Team . 4% testing role member
Member 10% 35%

41%

Fig. 1. Left side: Respondents’ agile role (of those who reported they had an agile role) in year
2008 survey. Right side: Respondents’ agile role in year 2009 survey.'

2.3 Data Collection and Analysis

This research was conducted as a questionnaire-based survey. The year 2008 ques-
tionnaire was conducted in March 2008 and it was open in web for two weeks in
April 2008. The year 2009 survey was conducted in March 2009, and it was open for
two weeks. Both studies were extensive in figuring out the respondents’ background,
opinions towards agility and the perceived benefits. In this study, we limit ourselves
to study only the attitudes towards agility and the respondent’s agile background.

! Many people claim that Project/Program manager is not a scrum or agile role. However the
terms used here vary, the terms Project/program manager are wblished unlike e.g. scrum of
scrum of scrum manager.
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First, the attitudes are compared with the respondents’ agile background with
Kruskal-Wallis H test [15]. Kruskal-Wallis H test is a nonparametric test that does not
assume normality. It is testing the equality of population medians among the groups.
Instead of using the variance, it is replacing the actual values with ranks — otherwise it
is identical to parametric test one-way ANOV A (analysis of variance). Kruskal-Wallis
H test is like Mann-Whitney U test, but it can be used with multiple values (Mann-
Whitney U is limited to nominal variables with only two values).

In addition to Kruskal-Wallis test, we performed X” test of independence between re-
spondents’ agile background and attitudes. In the Chi-Square test of Independence [15],
the frequency of one nominal variable is compared with different values of the second
nominal variable. The Chi-square test of Independence is used when we have two
nominal variables. Like many other nonparametric tests, Chi-Square test of Independ-
ence does not assume normality of the data, and can also take multiple variable values.

3 Results of the Study

3.1 Representative Statistics

Attitude towards the use and deployment of agile methods
The year 2008 and 2009 surveys repeated same attitude questions:

1. How important you consider agile & iterative development in the future?

2. How satisfied you are with agile & iterative development within your own
work?

3. Would you prefer going back to the old way of working?

In year 2008 the attitude question 1 was a multiple-choice question with a scale from
1 (very important) to 5 (not important at all). Question 2 was also a multiple-choice
question with a scale from 1 (very satisfied) to 5 (very dissatisfied). Question 3 had
the following options: 1= YES, 2= 1 see no difference, 3= NO.

The year 2009 survey was done differently: For attitude question 1 (importance)
the respondents were offered a choice of text strings of ordinal nature: very important,
important, neutral, not very important and not important at all. For attitude question 2
(satisfaction) there was a similar selection of text strings: very satisfied, satisfied,
neither satisfied or dissatisfied, dissatisfied and very dissatisfied. For attitude question
3 (would you go back) there were selections: yes, no and I see no difference just like
in the last year’s survey but also a new one “I do not know as I have never worked in
waterfall mode”.

In year 2008 the attitude towards agile development could be considered very posi-
tive. For example, 75% of all respondents considered agile as important or very im-
portant (Figure 2, left side), and nearly 60% would not like to go back to the old (Fig-
ure 4, left side). The satisfaction towards agile development within respondents’ own
work (Figure 3, right side) was not as positive; only 47% were either “satisfied” or
“very satisfied.”

Interestingly, respondents with no agile experience seem to be more neutral in their
answers than people with some agile experience. This is clearly visible in Figures 2, 3
and 4.
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Fig. 2. Statistics on the questions, “How important you consider agile & iterative development
in the future” categorized by agile experience
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Fig. 3. Statistics on the questions, “How satisfied you are with agile methods” categorized by
agile experience
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Fig. 4. Overall distribution of responses to the question, “Would you like to go back to the old
way of working”, categorized by agile experience

The results of the year 2009 survey show similar results. As we can see in Figure 2
right side, 76% of respondents think agile is important or very important, and only 7
percent think it is not. The satisfaction towards agile methods seems to slightly in-
crease: not only 57% are rather satisfied than dissatisfied (year 2008 47%), see Figure
3 right side, but also the number of dissatisfied or very dissatisfied persons has de-
creased, being now 13 % (year 2008 16%). The number of those who would like to
stay in agile has increased, being now 67% (year 2008 60%) but also the group who
would like to go back has increased, being now 12% (year 2008 9%). This could be
explained by smaller number of neutral responses as seen in Figure 4 right side.
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Fig. 5. Percentage of answers to question “would you go back” calculated from total answers of
two groups: respondents with and without agile experience

Figure 5 shows the percentages of respondents separately to year 2008 and 2009
data divided to two groups: respondents with agile experience equal to 100% and
respondents with agile experience equal to 100%. Illustrating the data this way lets us
better compare the distribution of opinions of those having agile experience and those
having no agile experience and enables detection of trends. This enables us to study
how the opinions of those with no previous agile experience have changed. In year
2008 study respondents with no agile experience were mostly neutral to the change,
whereas now the majority is positive (Figure 5). However, if the new category “I
don’t know” is counted as neutral answers, the year 2008 and 2009 responses are
almost identical.

50 o0
80 80
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50 50
40 i a0
30 30
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Very Dissatisfied Neither Satisfied  Very satisfied Very Dissatisfied Neither satisfied  Very satisfiod
digsatisfied satisfied nor dissatisfied satisfied nor
dissatisfied dissatisfied
W Noagile experience, N=137 i Agile experience, N=589 B No agile exr o N=51 W Ag perience, N=525

Fig. 6. Percentage of answers to question “how satisfied you are with agile methods” calculated
from total answers of two groups: respondents with and without agile experience

Figures 6 and 7 describe the respective confidence intervals of how satisfied people
are to their work and how important they see agile methods having similar scales.
From these we can see that there is no change in satisfaction towards the agile meth-
ods but contrast between experienced and inexperienced respondents have grown
regarding the importance of agile methods (in year 2009 majority of non-experienced
are neutral in their opinions whereas the “experienced” curve has remained the same).
This could be because agile deployment is already “yesterday’s news” — or that those
who have not yet been exposed to agile methods will not see it affecting their work
(both surveys have some respondents from the supporting functions).
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Fig. 7. Percentage of answers to question “how important you consider agile & iterative devel-
opment in the future” calculated from total answers of two groups: respondents with and with-
out agile experience

3.2 Kruskal-Wallis H Test for Agile Experiences and Attitude

Year 2008 survey

The impact of actual experience on agile methods to attitudes was studied with
Kruskal-Wallis H test. With Kruskal-Wallis H test the mean ranks of samples from
the populations are expected to be the same, i.e.:

Ho: =1 =15

Wi7Hj

The mean ranks in Table 1 of appendix A indicate that the longer agile experience
people have, the more important they consider agile development and the more satis-
fied they are and less likely they would go back to old methods. Table 2 in Appendix
A shows that the differences are significant for all the attitudes tested, so the null
hypothesis of means being equal should be rejected.

From the results we can see that the means of different groups having different ag-
ile background are unequal regarding the importance (H= 60.499, 5 d.f% P < 0.05),
satisfaction towards agile methods (H= 73.278, 5 d.f., P < 0.05) and whether people
would like to back to old methods or not (H=52.914, 5 d.f., P < 0.05).

Year 2009 survey
Kruskal-Wallis H test was done also to year 2009 survey data. The mean ranks are
shown in Table 3 in Appendix A and the test results in Table 4 in Appendix A.

From the results, we can see that the means of different groups having different
agile background are unequal regarding the importance (H= 36.3, 5 d.f., P <0.05),
satisfaction towards agile methods (H= 35.2, 5 d.f., P < 0.05) and whether people
would like to back to old methods or not (H= 25.2, 5 d.f., P < 0.05). Comparing
against year 2008 values we can see that the differences between different groups
have become smaller. There may be various explanations to this phenomenon, see
Appendix C.

2 d.f. = degree of freedom.
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3.3 Relation of Agile Experience to Attitudes

We further study the independence of attitude and agile experience variables. The null
hypothesis is there is no relationship between the two variables. This is done by com-
paring the observed frequencies:

H() . f() = fA

Hy: £y # 1,

where fj is the observed and f. is the expected frequency.

The results for importance and attitudes from year 2009 data are shown in Table 5
in Appendix B. Notice that in some of the cases the cell count has been less than 5
which mean that the sampling distribution is too small to use Chi-squared test. How-
ever, the statistical software used in the calculations has then automatically replaced
the Chi-square test with Fisher’s exact test [15].

The Chi-squared test indicated that the difference was significant: X* (1, N=20)=
69.7, p < 0.05. For satisfaction xX? (1, N=20)= 92.0, p < 0.05 (Table 6 Appendix B)
and for would like to go back X* (1, N=15)= 55.9, p < 0.05 (Table 7 Appendix B). For
year 2008 data the respective values are: importance and agile experience X (1,
N=20) =85.6, p < 0.05 (Table 8 Appendix B), satisfaction xX? (1, N=20)= 148.8, p <
0.05 (Table 9 Appendix B) and for would you like to go back X*(1, N=10)=76.7, p <
0.05 (Table 10 and Figure 8 in Appendix B). The results indicate that respondents’
experience on agile methods is related to attitudes.

3.4 Limitations of the Study

This study is scoped only into few questions in two consequent surveys and their
relation to respondents’ agile background. The reported benefits and problems with
agile methods are scoped out from this study. Also the survey was done in one or-
ganization (Nokia) only, so it might be biased by the organization culture and the
specific interpretation of agility; so there is a question for external validity, i.e. how
largely these results can be generalized. It could well be e.g. that the resistance to
agile methods has some relation to the speed of the transition, and the deployment
method itself. This can only be verified by making similar studies in other organiza-
tions. However, the survey was sent to the same organization and people in both cases
and the possibility of other explaining factors have been ruled out as carefully as
possible (contributing to internal validity of the study).

Although the two surveys show some changes in the attitudes, it is impossible to
show the change of attitude specific to a person as both of the surveys were done
anonymously. This kind of study would require maybe a smaller group of respon-
dents, and a systematic follow-up of attitude development.

The impact of applicability of agile model to respondents’ role is also scoped out
from the study, even though agile impact to some roles have definitely been bigger
than to some other roles.
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4 Conclusions

In this study, we compared results from two consecutive agile satisfaction surveys to
each other. The first survey was done in March-April 2008, and the next one year
after. The research questions set for the study were: R1) How does respondents’
length of experience using agile methods in practice impact opinions toward agile
methods and R2) How have the respondents’ attitudes developed during the one-year
follow-up period?

The key finding in this study is that all the attitudes (importance of agile develop-
ment, satisfaction towards agile methods and if one would like to go back to the old
methods) vary based on how long agile expertise the respondent has in all cases —
Kruskal-Wallis H test done in both year’s data give the same result. The second key
finding is that these variables (how important respondent see agile development for
the future, how satisfied they are with agile development and would they like to go
back to the old way of working) are not independent from the agile expertise that the
respondent has but that the Chi-square test done in both year’s data indicate a signifi-
cant difference in all the attitudes when comparing different respondents with differ-
ent length of experience in agile methods.

For Research Question 2, we can see that the attitudes regarding the overall satisfac-
tion towards agile methods, how important agile methods are considered and whether
people would like to go back to old have not dramatically changed. When comparing
the year 2008 and 2009 data on a detailed level, it looks like the opinions of different
groups have approached each other. However, the trend figures show that opinions of
those who are experienced with agile methods have only changed little and maybe
come a bit closer to each other while the contrast still remains between those who have
agile experience and those who have not. That leads to the third key finding of this
study: it is recommended that agile methods will be tried out in practice.

The narrowed opinion-neutral population and significantly smaller response rate
could be a result of the fact that those who are facing problems with agile methods
have more likely answered the 2009 survey than those who are content. The fact that
opinions of people with different experience on agility seem to approach each other
during the one-year period is suggesting that as the people are communicating with
each other and sharing experiences, the satisfaction towards agile methods might be
growing as the company makes progress in the New Technology Adoption Curve [16].
A third sample would be needed to estimate Individual-level Cumulative Adoption
Likelihood Curve [17]. Because of the many reported benefits of agile methods, it is
not plausible that we would just be going still upwards yet another Hype Cycle [18].
Because the adoption of agile methods has not been based on free will, the Roger’s S-
curve of Cumulative Adoption of Technology might not be quite suitable to study how
the opinions develop [16]. The authors would like to see social — and behavioral sci-
ences to answer this challenge.

Before the first survey the authors were hesitant at if the agile methods are having
a positive impact on Nokia. After the first and second survey the authors were con-
vinced that a systematic way to do agile deployment’ is needed, and the critical voices

3 This change is reflected to the language used in Nokia: after these studies we started systemati-
cally talk about agile deployment instead of more passive but more widely used agile adoption.
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are a minority and possibly caused by people going though their own change transi-
tion curves or some specific problems in the deployment itself. This would be one
possible area of future studies.
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Appendix A
Table 1. Attitudes mean ranks grouped by agile experience
How important you | How satisfied you are | Would you go
consider agile & with agile & iterative | back to the old
iterative development within way of working?
development in the your own work?
future?
Experience N Mean Rank | N Mean Rank | N Mean
from agile in Rank
practice
Not at all 155 448.57 137 431.69 141 | 254.06
1 - 3 months 90 358.69 87 353.56 89 343.67
4 - 6 months 136 321.51 129 318.08 134 | 351.26
7 -11 months | 196 33441 188 305.48 195 | 365.33
1 - 2 years 97 300.23 92 257.75 95 397.51
> 2 years 29 250.12 27 224.24 29 382.97
Total 703 660 683
Table 2. Kruskal-Wallis H test results for attitudes and agile experience
Test Statistics™
How important you How satisfied you are
consider agile & iterative | with agile & iterative
development in the development within your | Would you go back to the
future? own work? old way of working?
Chi-Square 60.499 73.278 52914
Df 5 5 5
Asymp. Sig. .000 .000 .000

a. Kruskal Wallis Test

b. Grouping Variable: experience from agile in practice
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Table 3. Attitudes mean ranks grouped by agile experience

How important you | How satisfied you are | Would you go
consider agile & with agile & iterative | back to the old
iterative development within way of working?
development in the | your own work?
future?
Experience N Mean Rank | N Mean Rank | N Mean
from agile in Rank
practice
Not at all 51 394.41 51 403.93 51 220.96
1 - 6 months 67 325.83 67 310.95 67 250.84
6 - 12 months | 142 288.52 142 280.38 142 | 284.29
1 — 2 years 219 265.36 219 266.59 219 | 313.46
2 - 5 years 89 258.99 89 272.02 89 297.73
> 5 years 8 262.00 8 292.00 8 323.38
Total 576 576 576

Table 4. Kruskal-Wallis H test results for attitudes and agile experience

Test Statistics™

How important you
consider Agile
development in the

future?

How satisfied you are with

Agile development within your

own work?

Would you go back to the

old (non-agile) ways of

working?

Chi-Square
df

Asymp. Sig.

36.335
5
.000

35.160

.000

25.160

.000

a. Kruskal Wallis Test

b. Grouping Variable: 6. How long experience do you have from agile development?
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Appendix B

Table 5. Importance attitude compared tested with agile experience, year 2009 data

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 69.749* 20 .000
Likelihood Ratio 70.188 20 .000
Linear-by-Linear Association 24.912 1 .000
N of Valid Cases 576

a. 12 cells (40.0%) have expected count less than 5. The minimum expected count is .24.

Table 6. Satisfaction attitude compared tested with agile experience, year 2009 data

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 92.020* 20 .000]
Likelihood Ratio 90.719 20 .000,
Linear-by-Linear Association 16.018 1 .000
N of Valid Cases 576

a. 9 cells (30.0%) have expected count less than 5. The minimum expected count is .33.

Table 7. “Would you go back” attitude compared tested with agile experience, year 2009 data

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 55.944* 15 .000.
Likelihood Ratio 52.321 15 .000:
Linear-by-Linear Association 20.765 1 .000
N of Valid Cases 576

a. 6 cells (25.0%) have expected count less than 5. The minimum expected count is .33.
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Table 8. Importance attitude compared tested with agile experience, year 2008 data

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 85.568" 20 .000,
Likelihood Ratio 93.502 20 .000
Linear-by-Linear Association 40.335 1 .000]
N of Valid Cases 703

a. 10 cells (33.3%) have expected count less than 5. The minimum expected count is .70.

Table 9. Satisfaction attitude compared tested with agile experience, year 2008 data

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 1.488E2 20 .000
Likelihood Ratio 155.905 20 .000
Linear-by-Linear Association 53.222 1 .000
N of Valid Cases 660

a. 7 cells (23.3%) have expected count less than 5. The minimum expected count is .82.

Table 10. Would you go back attitude compared tested with agile experience, year 2008 data

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 76.685° 10 .000)
Likelihood Ratio 74.427 10 .000,
Linear-by-Linear Association 31.835 1 .000]
N of Valid Cases 683

a. 1 cells (5.6%) have expected count less than 5. The minimum expected count is 2.63.
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Appendix C

Figure 8 represents Boxplot figure [15] of how satisfied year 2008 survey respondents
are with agile & iterative development. In a Boxplot figure, the median value is repre-
sented with a bar, surrounded by a box within which 50% of the observations fall.
Sticking out of the top and bottom of the box are two whiskers which extend to the
most and least extreme scores respectively [15].

Looking the distribution of answers in each category, it looks like “Not at all” and
“> 2 Years” are different to other groups as “1-3 Months” is falling in between of
“Not at all” and “4-6 months”. Because of this distribution, we wanted to have more
detailed view on the group “> 2 Years” and thus changed agile experience categories
in year 2009 survey.
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Fig 8. 2008 Boxplot figure of how satisfied respondents are with agile and iterative
development categorized by agile experience

The Boxplot figure of a similar agile satisfaction data is represented in Figure 9.
“Not at all” category is still different to all other categories. Answer distribution of
categories “1-6 months”, “6-11 months”, “1-2 years”, “2-5 years” are more similar to
each other, which might be due to deletion of category “1-3 months”. Interestingly,
distribution of answers in category “> 5 years” is quite different from other catego-
ries. It would be interesting to study if this is a real opinion difference that is shown
here, or a denial of true expertise (it may be hard for a recognized expert who has
worked several years in software industry to admit to be new in agile methods).
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Fig. 9. 2009 Boxplot figure of how satisfied respondents are with agile and iterative develop-
ment categorized by agile experience
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Abstract. The concept of an innovation space where different knowledge and
perspectives can interact leading to innovation is central to lean thinking. The
SECI framework of organizational knowledge creation identifies five enabling
conditions which impinge on this space, namely intent, autonomy, fluctuation,
redundancy and variety. User Stories, introduced in XP and now commonly
used in Scrum, are a key practice in requirements capture. In common with lean
thinking, they are user value centric, encourage rich dialogue between project
stakeholders and avoiding premature specification of solutions. This conceptual
paper examines user stories through the dual lenses of an innovation space and
the five SECI enablers. The authors conclude that expressing user needs as user
stories can support the development of innovative solutions, but that care must
be taken in the design of the user stories and their application. This paper con-
cludes with a set of recommendations to support innovation through user
stories.

Keywords: agile methods, user stories, innovation space, lean thinking,
knowledge creation, SECI.

1 Introduction

One of the seminal events for the development of the agile software development
movement was the 1986 publication in Harvard Business Review of "The New New
Product Development Game" (Nonaka and Takeuchi 1986). Describing lean produc-
tion principles applied to new product development, the paper introduced the
metaphor of a rugby team where a clear goal, overlapping skill sets and joint accoun-
tability allow teams dynamically adapt and self-organize to achieve their objectives
despite unforeseen setbacks and challenges. From this, the term scrum was used by
Sutherland and Schwaber in 1995 to describe an incremental, team based approach to
software development. In this way, agile development and innovating new products
share a common lineage.

Agile methods have long been advocated in supporting innovation (Highsmith
1999). Proponents argue they explicitly call for self-reflection and improvement of
the method through retrospection. Close customer contact and an understanding of the
business problem to be solved can help the development team create more innovative
solutions than if they were coding to a static functional specification. Advocates have
written of 'hyper-productive' scrum exhibiting 'punctuated equilibrium' leading to
discontinuous or radical innovations (Sutherland, Downey et al. 2009).

P. Abrahamsson and N. Oza (Eds.): LESS 2010, LNBIP 65, pp. 20430, po10.
© Springer-Verlag Berlin Heidelberg 2010
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User stories are a common practice in agile methods for feeding user requirements
into the development process. Unlike traditional requirements engineering approach-
es, they do not call for comprehensive specification of the solution ‘up-front’ but
instead encourage rich dialogue between customers and the technical team at imple-
mentation time to arrive at the best solution. As the name implies, user stories express
user centric functionality, and are written in a story style. They reflect what the user
would like the system to do, rather than how it should do it.

This lack of specificity introduces considerable uncertainty and ambiguity to re-
quirements management. Both uncertainty and ambiguity are held to foster innovation
and are considered essential ingredients in developing novel solutions and supporting
organizational learning (Kline and Rosenberg 1986; Nonaka 1991; Lester and Piore
2004). Deploying these elements in an innovation space, ‘ba’ (Nonaka 1991) or ‘con-
versation’ (Lester and Piore 2004), along with other recognized innovation enablers
(Nonaka 1991) suggests the user story practice should support innovation. However,
as far as we are aware, little rigorous research has focused on how exactly user stories
facilitate innovation. Using the concepts of an innovation space and the organizational
knowledge creation framework (Nonaka and Takeuchi 1995) — commonly referred to
as SECI after its four core processes of Socialisation, Externalisation, Combination
and Internalisation, this paper will examine further how user stories enhance the abili-
ty of agile methods to support innovation. The aim of the paper is to establish aspects
of user stories that are likely to support the emergence of innovative solutions from
the agile development team.

Section 2 describes the concept of an innovation space and summarizes some of
the approaches to it described in the literature. Section 3 provides an overview of the
SECI framework, particularly the 5 enabling conditions necessary for organizational
knowledge creation, while section 4 describes the agile user story practice in further
detail. Section 5 then discusses how this practice provides an innovation space and
supports and constrains the 5 enablers. This discussion draws on both the authors
experience as agile practitioners, and on theoretical arguments. Finally, section 6
summarizes conclusions and recommendations for the use of user stories in support-
ing innovation within Information Systems Development (ISD) teams. Note that this
paper is conceptual in nature and these conclusions have yet to be tested empirically.

2 Innovation Space, Knowledge Creation and Variability

The concept of an ‘innovation space’ (Figure 1) is widely evident in the literature. It
represents a mental space where an understanding of both the problem to be solved
and the components of a solution available can be brought together to create an envi-
ronment where a more innovative solution can emerge (Hippel 2005). An associated
concept is that of boundary objects (Carlile 2002) which serve as “as a means of
representing, learning about, and transforming knowledge” across boundaries, such as the
problem and solution domains. Agile user stories can be used to create an innovation space
and serve as boundary objects in supporting innovation. This section explores these con-
cepts further with the aim of examining exactly how user stories can positively impact
innovation.

In plan-driven ISD methods, the problem and solution domains are represented by
two different functions in the organization, and usually by two different teams with
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different skill sets. The problem is articulated by customers, users and analysts, usual-
ly in terms of a solution which they believe will solve the problem. That is, require-
ments are normally expressed in terms of software features described in various levels
of detail, even down to screen layouts, data fields and menu structures. This is passed
to the designers, developers and operations teams who implement such a solution
based on the technologies available. In this case the innovation space can be very
restricted — the requirements as expressed can reflect a limited understanding of the
possible opportunities offered by the available technologies. This in turn leads to sub-
optimal solutions which can reflect previous patterns of application already familiar to
those in the problem domain. The technologists similarly gain little understanding of
the business problem being addressed, and therefore are not in a position to pursue
alternate, more effective solutions offered by the solution space but not considered by
the customer. This reflects the demarcation of roles underpinning many traditional
product development methods which results in a tendency to identify ‘what’ the cus-
tomer wants, rather than ‘why’ the customer wants it (Reinertson 1998). Indeed, many
waterfall methods explicitly advocate the separation of the problem and solution
spaces by requiring full and final requirements be ‘signed-off’ by the customer or
business. Even the term ‘requirement’, used universally to mean features to be in-
cluded, implies they are mandatory and non-negotiable (Cockburn 2007). This is
accompanied by ‘change management systems’ which minimize variability in the
design, development and delivery phases. In summary, waterfall methods do not nur-
ture an innovation space — on the contrary, they tend to severely restrict or even
eliminate it.

~N
Problem Innovation Solution
Space Space Space
Customers Uncertainty Developers
End Users Ambiguity Architects

Conversation
Social Objects

Domain Experts UI/UX Designers

Fig. 1. Innovation Space

In knowledge creation literature, Nonaka and Konno introduce the concept of ‘ba’
which they describe as “a shared [physical, mental or virtual or any combination]
space for emerging relationships” for the purposes of knowledge creation (Nonaka
and Konno 1998). Building on this existentialist concept they contend that knowledge



The Role of the User Story Agile Practice in Innovation 23

exists in a tacit, intangible form within ba and becomes information when detached
from it. Ba is the “frame [...] within which knowledge is activated as a resource for
creation” and is essential to both individual and collective knowledge creation and
therefore learning. Lean thinking argues that the objective of product development is
to ‘out-learn the competition’ (Reinertson 1998) indicating that knowledge creation,
and the associated ‘ba’, is essential for product innovation.

Innovation and product development literature also highlight the importance of un-
certainty and variability in innovation. The chain-link theory of innovation (Kline and
Rosenberg 1986) stresses the iterative nature of the innovation process, rejecting the
linear, deterministic model driven by scientific discovery and invention and underly-
ing the traditional R&D organizational structure and process. Uncertainty is an inhe-
rent trait in innovation and structures or processes which try to constrain or deny it
have been thoroughly discredited. This view is further developed in information
theory which positively values variability, and consequently ‘failure’ in terms of not
conforming to predetermined plans, as being the source of information creation (Rei-
nertson 1998). The value of such information is increased where it is created early and
is efficiently absorbed and used in creating new knowledge which can contribute to
innovation. Indeed, a process without variability cannot create new information, and
cannot therefore develop new learning and products. That is, while repeatability may
be a virtue in production, it renders development utterly sterile.

Another concept contributing to innovation is that of ambiguity and the conversa-
tion required to resolve it (Fonseca 2002; Lester and Piore 2004). Precise specifica-
tion of a requirement limits or even eliminates the opportunity to interpret it from a
different perspective. Ambiguity can be used positively to accommodate the variabili-
ty essential to innovation. Progressing from such ambiguity to a precise specification
involves conversation between those representing the problem and the solution do-
mains.

From the above we can see that innovation and knowledge creation literature iden-
tify an ‘innovation space’ as a key element in arriving at novel solutions. This space
brings together and activates knowledge from both the problem and solution domains
and nurtures productive conversations which leverage variability and ambiguity to
arrive at novel solutions. We discuss later how the user story practice can be used to
enable many of these factors in ISD. One specific description of an innovation space
is ba which forms part of the SECI knowledge creation framework and is discussed
next.

3 Organizational Knowledge Creation

The SECI theory of organizational knowledge creation has enjoyed “paradigmatic
status” (Gourlay 2003) since first elaborated by Nonaka and Takeuchi (Nonaka and
Takeuchi 1995). In the following text the major components of the theory are de-
scribed, focusing particularly on the five “enabling conditions” which support an
innovation space, or ba.

SECI is based on two underlying constructs. Epistemologically there exist two
forms of knowledge — tacit and explicit. Ontologically, knowledge is formed by indi-
viduals and the interactions common within organizations which can develop, refine,
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clarify and amplify it. Using these two ‘dimensions’ of knowledge creation, SECI
proposes a spiral model where tacit and explicit knowledge are in continuous dialogue
within a ba, transforming through the four processes of socialization, externalization,
combination and internalization.

Socialization represents conversion of knowledge from tacit to alternate tacit forms
and can occur through shared experience (for example apprenticeship). This can rare-
ly be achieved through abstracting knowledge into an external form, can even occur
without language and therefore requires close face to face interaction. Externalization
uses metaphors to convert tacit knowledge to explicit form — it is the articulation of
knowledge. The writing of poetry could be regarded as a highly sophisticated example
of this whereby complex and nuanced knowledge is transferred through metaphor to
an explicit form for communication to others. Combination of multiple externalized
knowledge sources through meetings and conversations can lead to the creation of
new knowledge by bringing together existing explicit forms. Finally, internalization
involves the conversion of explicit knowledge to a tacit form through ‘action based’
learning. Taken together, these transformations create, develop and disseminate
knowledge within the various organizational levels from individuals to entire value
chains.

SECI identifies 5 enabling conditions (Fig. 2) for these processes, and the ba in
which they occur. For an individual to acquire knowledge, Nonaka proposes they
must be ‘committed’. That is, they must have an intention, an action oriented concept
which forms their approach to the world. The value of information, and the know-
ledge to which it can contribute, depends on the intention of the receiver, and not
purely on the nature of the information itself. Therefore, the perception, context and
prior knowledge of the individual affect the possibility and form of meaning derived
from it. Additionally, autonomy at both individual and group level is essential to pro-
vide the freedom to absorb new knowledge — this does not need to be absolute free-
dom, but reflect a ‘minimum critical specification’ (Morgan 1986). Autonomy reflects
empowerment where authority, guided by a clear understanding of intention, is dele-
gated to where it can be most effectively exercised. Thirdly, knowledge creation re-
quires fluctuation whereby there are discontinuities in the interaction of an individu-
al’s knowledge with their perceived reality, leading to the re-evaluation of assump-
tions underlying their current knowledge. Such breakdowns or contradictions there-
fore contribute to the creation of new knowledge. Fourthly, information redundancy
facilitates efficient knowledge flow and absorption, as well as empowerment of the
team through participation of members on the basis of consensus and common under-
standing. This reflects the use of knowledge to facilitate the absorption of additional
learning which can in turn enable innovation (Cohen and Levinthal 1990). Redundan-
cy also creates resiliency within the team through the “principle of redundancy of
potential command” (McCulloch 1965 quoted in Nonaka and Takeuchi 1995) and
supports the development of trust between team members. And finally, SECI propos-
es Ashby’s principle of ‘requisite variety’ (Ashby 1957) in balancing the creation of
knowledge and its effective processing. According to this principle, the diversity of
knowledge at any point in the organization should match the diversity it must process.
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Fig. 2. SECI Enabling Conditions

The SECI theory is pre-dominant in the field of knowledge creation. It provides a
comprehensive framework for the evaluation of the agile practice of user stories in
creating an innovation space and enabling that space for knowledge creation and
innovation.

4 Agile Practice — User Stories

The concept of user stories were first introduced to software development with the
publication of Kent Beck’s eXtreme Programming book in 1999 (Beck 1999). User
Stories represented a technique of establishing a shared understanding of software
requirements using a low-overhead, user centric and flexible approach. This concept
was later developed further and extended to apply to other agile methods such as
scrum (Cohn 2004). Although not universally accepted as the best way to capture
software requirements (Cockburn 2007) they are widely used and are therefore treated
here as a common agile practice.

The user story format has three elements often articulated as Card, Conversation
and Confirmation (Jeffries 2001). The card, so called as its often written on an index
card, is a small number of sentences used to describe the intent of the story. The card
serves as a token, summarizing intent and acting as a placeholder for a conversation
which will elaborate on the detail closer to the time it is required. As implied by the
name user story, this description should be both user centric in terms of the language
used and the need expressed. It should be written in the form of a story. A format
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commonly used by agile teams takes the form ‘As a <role> I want to <action> so
that <result>’. An example would be “As an online customer I want to enter a prod-
uct name so that I can view details of that product”. The card can also capture initial
estimates of the value of the story to the customer and the cost in implementing it.
The conversation represents a discussion between the team, customer, end users and
other stakeholders, which clarifies the details of the requirement and frames the solu-
tion design to be used. The term conversation reflects the verbal nature of the interac-
tion — negotiation around the requirement is through rich, highly interactive dialogue,
using a shared vocabulary understandable by both customers and the development
team, and not necessarily resulting in written specification. Confirmation represents
the acceptance criteria or tests which must be satisfied before the story can be consi-
dered fully implemented. Unlike the conversation, such tests are normally written
down for later reference (often on the reverse of the story index card), though ideally
they represent the intent agreed rather than precisely how a feature will be imple-
mented. By ensuring these tests pass, the development team should be confident that
the value of the story has been delivered to the customer.

Card

As a cuslomer | search lor users so
that | can view their details

Value: Med

l'-snman:- 3 pis
Risk: Low P

Confirmation
= can find users
» can use any search
criteria | need
*Once found | can view
details

<:> Canversation

Fig. 3. Elements of a User Story

The user story format is advocated in agile methods as it is lightweight, reduces
design in process, encourages late commitment, facilitates iteration planning and
supports a shared understanding of the business value and design of software features.
The latter of these concerns knowledge creation in an innovation space and will be
discussed further in terms of the effect of the user story technique on innovation.

5 Discussion

User stories support the coming together of problem and solution domain knowledge
in a shared innovation space, or ba. The user story card holding a summary of the
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intent, and optionally, an initial estimate of effort and value, is used primarily for
planning purposes — it is not intended to be sufficient for implementation. It is the
conversation represented by the card which positions the ‘whole team’ (Beck 2005) to
develop a shared mental model of the optimum solution based on a mutual under-
standing of the problem and solution domains. This conversation within the cross-
functional team should include all perspectives and skills, including the customer,
product owner, designers, developers and other stakeholders. By representing the
requirement in terms of the customer’s intent, a user story card maintains the ambi-
guity and uncertainty until the solution space can be appropriately explored — the
opportunity to arrive at a novel solution is not closed down prematurely.

In evaluating the capability of the user story practice in creating new knowledge
and innovation, the five enabling conditions proposed by SECI are here used as a
lens.

Intention: The user story is designed to capture only the infent of the user at a high
level — a succinct description in one or two sentences of what the user wants to
achieve, and a set of criteria to help determine if the need has been satisfied. This
contrasts with traditional requirement specification techniques which encourage the
comprehensive specification of the solution by those in the problem space (usually the
customer or end user), leaving little room for negotiation, learning or participative and
emergent design. User stories communicate the business intent clearly to those with
the technical skills to design a solution. That is, a user story expresses the intention of
the user and is a simple mechanism to place that intention within the innovation
space, where various stakeholders can interact through the conversation and arrive at
a mutually agreed solution.

Autonomy: Within the conversation on a user story the design approach and exact
scope can be negotiated by those that best understand the constraints and solution
technologies. Autonomy supports self-organization and accountability, which in turn
helps motivate individuals to work together to find better solutions (Nonaka 1991).
The conversation provides the space in which this autonomy can be exercised. The
accountability conferred on the team by this same autonomy can also lead to fluctua-
tion, as a sense of responsibility for developing an effective solution motivates the
team to evaluate novel approaches.

Fluctuation: With the rich interactive communication surrounding the focus of dis-
cussion — namely the user story, comes knowledge transfer and learning. As each
individual learns more about the business problem being addressed, the possible ways
value can be generated and the technical solutions available, they experience a chang-
ing understanding of the user story. This can lead to changing understandings and
perspectives by all parties as pre-conceived ideas are abandoned or altered. This can
induce a ‘creative chaos’ whereby participants are moved to adjust their views of the
story based on input from others, leading to a state of uncertainty, ambiguity and
fluctuation wherein innovation flourishes.

Information Redundancy: The rich conversation invoked by the user story format both
requires and contributes to information redundancy. To communicate effectively and
internalize others perspectives requires ‘absorptive capacity’ (Cohen and Levinthal
1990), a depth of knowledge allowing appreciation of the others point of view.
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Through the four SECI knowledge transformation processes active in the group
conversation, new knowledge relating to different perspectives is created and
disseminated across the team, thereby increasing information redundancy. In the agile
literature, this has led to the term ‘generalizing specialists’ to describe team members
who have great depth of expertise in one or more areas, but some knowledge of many
other areas allowing them work effectively as part of an integrated team. In more
traditional approaches lacking this conversational element, little learning occurs lead-
ing to the common °‘silo’ effect where past solutions are re-applied to new problems
thereby limiting innovation.

Requisite Variety: The concept of cross-functional teams, often referred to as feature
teams in the agile literature, bring a variety of knowledge and perspectives to the user
story conversation, allowing novel solution designs to emerge (Campion, Medsker et
al. 1993; Lee and Xia 2010). However, literature suggests (though it has not been
empirically demonstrated) that such diversity may come at a price in terms of the
efficiency of the team in exploring different possibilities, in communicating effective-
ly and in arriving at shared decisions (Lee and Xia 2010). Therefore, diversity within
the team should be balanced with the need for efficiency — it should be appropriate to
handling the variety of customer needs and technical solutions likely to be encoun-
tered by the team. Assigning a high level estimate to a user story before the conversa-
tion occurs may bound the possible solutions investigated and helps achieve this
balance in diversity.

6 Conclusions and Recommendations

User stories are widely used in agile methods. Their focus on small increments of
functionality of short term value to the user is sympathetic with lean thinking. The
card, conversation and confirmation elements of the user story format are particularly
conducive to developing innovative user solutions. Sometimes described as a ‘place-
holder for a conversation’ (Highsmith 1999) a user story can serve as a boundary
object facilitating the transfer and creation of new knowledge within a shared innova-
tion space. Through the card and confirmation elements the format of a story includes
the user’s intention in taking a defined action. Through the conversation element, it
fosters information redundancy in the team through sharing of perspectives and leve-
rages team diversity in exploring possible solution design. Similarly, by allowing the
solution design emerge from the team conversation, the autonomy of the team is
supported while fluctuation or ‘creative chaos’ can be encouraged by the lack of pre-
defined solution guidelines. In the remainder of this section we describe some rec-
ommendations for maximizing the contribution of user stories to solution innovation.
By separating the business intent and value of the story from its logical and tech-
nical design, the space provided for a cross-functional team to explore and develop
solutions 1s maximized. However, this can be constrained where the <action> of the
user story is prescriptive, defining ‘how’ the user will achieve their objective and not
confining itself to ‘why’. But the <action> is important in providing context to the
story — it relates under what circumstances the <result> should occur. Therefore, a
careful balance of contextualizing the intent of the user while avoiding unnecessary
specification of a solution by describing what the user action might be can help
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maintain space for novel solutions to be developed. Similarly, within the confirmation
element of the user story, by specifying only acceptance rather than systems tests, the
users intent can be expressed in the broadest terms possible, without constraining the
solution space. The system tests should relate to the intent of the story, rather than the
specific actions the user must take to achieve that intent.

The user story form has been criticized for being too granular and thereby lacking
full context of the user experience in pursuing the intent of the story (Cockburn 2007).
To facilitate exploration of novel solutions, understanding the wider context of inte-
raction within which the user story exists can be key — therefore, approaches such as
user story mapping (Patton 2008) are recommended. Where possible, initial user sto-
ries should be described at a high level (sometimes referred to as epics (Cohn 2004))
and collaboratively developed into a series of user stories small enough to be elabo-
rated, developed and tested in short iterations.

The conversation called for by the practice creates an innovation space where the
stakeholders in the story can leverage the five innovation enablers proposed by SECI.
Factors such as a clear intent, team autonomy in how a solution is developed, a sense
of creative chaos, continuous learning and redundancy and diversity within the team
all contribute to an innovative environment. In this way, the user story practice is
central to the innovation capability of agile teams. However, in practice these benefits
are often reduced for localized efficiency by assigning specialists within the team to
design and estimate stories without collaboration (O'hEocha, Conboy et al. 2010). It is
recommended that where possible the design of solutions, especially at the high levels
of epics or themes, are collaborated upon by a diverse set of team members. This can
help prevent past techniques being automatically applied to new problems and foster
continuous questioning and novel approaches.

In summary, careful use of the practice, such as ensuring solutions are not framed
before the conversation occurs, or are embodied into the confirmation criteria, are
necessary to maintain space for innovation. In addition, the intent of the story, as well
as the larger strategic intent of the organization, must be clearly articulated to ensure
the appropriate learning takes place. Information redundancy and team diversity must
be managed to ensure balance between the efficiency of converging on a solution
quickly and closing down the conversation prematurely and thwarting the emergence
of novel solutions.

The aim of this paper is to establish aspects of user stories that are likely to support
the emergence of innovative solutions from the agile development team. It has been
argued above that, if implemented appropriately, the practice is likely to significantly
contribute to the development of novel solutions, and indeed to the learning and the-
reby innovative capability of the agile team. Further possible research will include
testing these conclusions empirically.
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Abstract. Choosing the appropriate software development methodology is
something which continues to occupy the minds of many IT professionals. The
introduction of “Agile” development methodologies such as XP and SCRUM
held the promise of improved software quality and reduced delivery times.
Combined with a Lean philosophy, there would seem to be potential for much
benefit. While evidence does exist to support many of the Lean/Agile claims,
we look here at how such methodologies are being adopted in the rigorous
environment of safety-critical embedded software development due to its high
regulation. Drawing on the results of a systematic literature review we find that
evidence is sparse for Lean/Agile adoption in these domains. However, where it
has been trialled, “out-of-the-box” Agile practices do not seem to fully suit
these environments but rather tailored Agile versions combined with more plan-
based practices seem to be making inroads.

Keywords: Software Development, Regulated Environment, Lean, Agile,
Medical Device, Embedded-Software, Safety-critical.

1 Introduction

In this report we investigate the contemporary practices of Lean/Agile Software
Development methodologies, as practiced in the regulated safety-critical domains. Of
particular interest to us is how applicable these methodologies are within the domain
of medical device software development, and whether the benefits that have been
reaped from Lean manufacturing [1] can be achieved in this specific domain. We aim
to identify areas which require further investigation and which will assist companies
in understanding and adopting such beneficial software development practices.

1.1 Lean and Agile Software Development

Lean Software Development can be viewed as the application of the concepts and
principles, which drive Lean Manufacturing [1] and [2], to the practice of developing
software. Robert Charette - the originator of Lean Development - sees it as a key

P. Abrahamsson and N. Oza (Eds.): LESS 2010, LNBIP 65, pp. 31@ 2010.
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component in building a change tolerant business [3]. The key difference he says
between Lean and Agile is that Agile is a bottom up approach while Lean is a top
down approach. He developed the 12 principles of Lean Development [3] which have
very close similarities with the Agile manifesto, and so we see this as the point where
Lean concepts meet Agile software development practices. By applying the specific
Lean principles [2] within the context of the software development domain, we can
see how many of the Agile software development techniques support them [4],[5]
and [6].

As a result the boundary between Lean Software Development and Agile Software
Development is something that is currently being debated. We view Agile methods
as supportive practices of a Lean software development philosophy, and so for the
purpose of this report we treat them as one while bearing the distinction in
mind.

1.2 Regulation

The increasing complexity of electronic devices is making the hardware and software
development processes much more interlinked and so any software development
methodology used must take that into consideration. These hardware-software
systems are playing an increasing role in our everyday lives, and the obvious safety
element is of paramount concern. Various standards have been introduced to help
ensure the highest level of confidence in the safe functioning of such systems, and
while the regulatory standards are quite rigorous, they are not necessarily prescriptive.
Standards, such as the RTCA’s' DO-178B standard [7] for the aviation industry, and
ISO 13485:2003 [8] for medical devices, do not impose any particular software
development methodology. The important thing is that the processes, activities and
tasks, as identified by the regulations, are being implemented.

2 Analysis of the Literature

The information presented here is mostly drawn from the results of a Systematic
Literature Review (SLR)? into the practices of Lean/Agile development in the medical
device industry. The SLR was carried out following the guidelines by [9] and quickly
showed there to be a lack of published material in this specific area. In order to
progress our investigation we widened our review to cover regulated safety-critical
embedded-software development in general.

The Agile methodologies most reported throughout the literature were XP and
SCRUM (Fig. 1), but one of the areas we were interested in investigating was the
‘flavour’ of Agile being adopted/trialled in these domains (Fig. 2). From the data
there are clear indicators in support of a combination of Agile and more traditional
planned-type (Agile-Planned) software development practices.

! Radio Technical Commission for Aeronautics (www.rtca.org)
? http://staff lero.ie/ocawley/Publications/Lean- Agile-in-medical-devices/
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Fig. 1. Methodologies reported Fig. 2. Agile ‘Flavour’ being reported
(Y-Axis shows the number of publications)

2.1 State of Methodology Adoption

There are many reports supportive of the use of Lean/Agile methodologies in
embedded-software development, including regulated environments such as medical
devices. Within the Aerospace industry for example, [10] found that nearly all Agile
practices can be mapped to the DO-178B [7] regulatory standard and yet the
Aerospace industry has been slow in adopting them. Similar mappings were
performed [11] [12], finding that while most of the DO-178B requirements can be
mapped to XP, SCRUM, CRYSTAL practices, some are outside the scope of these
methodologies and some need to be re-interpreted. [11] found that, similar to other
embedded-software domains, the further on in the life-cycle you are, the less agility it
is possible to maintain. The final stage of certification is where they see the least
amount of agility possible. Interestingly, the Open-DO Initiative® is calling for a more
lean and open-source approach to aviation software development. They state that:

“By leveraging on lean approaches and agility we aim... to shift the focus of safety-
critical software development to more continuous and incremental certification
approaches.”

Specifically in relation to the medical device industry, our industry involvement
within a medical device manufacturing plant is demonstrating that interest is being
expressed in a more lean approach. This is not surprising since the development
lifecycle of a medical device is typically measured in years, and so any mechanism
that will help reduce this, and thereby provide a competitive edge, is worth
investigating. The literature has reports of successful Agile implementations but, as
with the embedded-software domain in general, there are caveats which have led to
‘flavours’ of Agile methods being implemented. [13] took a cautious approach at first
followed by a full SCRUM implementation. [14], developing software for a specific
medical device, note the most important thing for Food and Drugs Administration
(FDA) approval is the need to perform formal review and approval steps. They
implemented a hybrid Planned-Agile methodology in order to get the benefits of
agility while maintaining discipline around certain areas such as documentation.

[15] implemented Agile (XP and Scrum) in Medtronic, a company developing
class ITT medical device® software. They found that the practices of pair-programming
and test-driven development provided early feedback and better quality. [16] discuss

* http://www.open-do.org/about/
* High risk devices whose failure or misuse would likely cause serious patient injury (EU
council directive 93/42/EEC)
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the successful implementation of Agile practices within Abbott’s diagnostic division,
and concluded that: “...an agile approach is the approach best suited to development
of FDA-regulated medical devices”. A strong endorsement indeed. [17] made use of a
combination of XP, Scrum and Organisational Patterns to overcome system
constraints and regulatory issues related to safety.

Deciding how to begin adopting Agile development in this context is another
source of uncertainty. [18] developed a comparative process selection model, while
more recently [19] proposed six recommendations when considering Agile adoption
in embedded systems development. Specifically related to mission and life-critical
systems, [20] developed a three-stage process to help determine the applicability of
agile practices to a company’s specific environments.

2.2 Some Issues Encountered

As we might expect in a regulated environment, there is a burden of proof which must
be met in demonstrating compliance. The validation and verification steps are obvious
areas which are focused on. [21] suggests that XP’s focus on automating testing can
benefit critical systems, but suggests that it should be tried and evolved further to
meet the specific needs. To facilitate the requirements of safety demonstrations
throughout the lifecycle, [22] developed a formal specification language for nuclear
engineering applications. [23] reduced the testing effort in Guidant by between 25%
and 90% by means of a Pattern-Oriented Scenario-Based testing approach which
supports a Lean/Agile process.

Similarly, issues with refactoring are highlighted, such as the potential to invalidate
earlier certification (credit) [12], or to introduce timing issues [24]. A workable
configuration management system combined with relentless testing can help.

From a regulation point of view, it is imperative that there is full traceability right
throughout the development lifecycle. [25] suggests that the Agile practice of single
sourcing information greatly simplifies requirements traceability within regulated
development. [6, 25] point to source control management (SCM) as being a
fundamental best practice which assists traceability, while [26] propose building upon
the practice of TDD to produce a requirements traceability matrix as a direct by-
product of the TDD process.

Any Lean or Agile strategy can only succeed if the people involved are organised
and motivated appropriately. [27] identified a collection of practices for Lean
governance of software development projects. [25] says that in his experience there
are quality-oriented Agile development practises which are much better suited to
regulated environments than traditional practices. Management training [28],
“Making Allies and Friends* [15] are ways used to help in the transformation. If the
right attitudes and management supports are not in place, the effort may be doomed
from the start [29].

3 Conclusions and Further Work

We found only a small number of publications which could indicate a very low-level
of adoption of Lean/Agile methods in regulated, safety-critical domains, however, it
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may simply indicate a reluctance of companies in these domains to make their internal
practices public. A noticeable lack of reference to the concept of “Lean Software
Development” (LSD) was evident. We feel however that due to its relatively recent
growth in popularity, LSD has not had time to be adequately defined, evaluated and
trialled. The potential of LSD for safety-critical regulated domains needs further
detailed investigation.

Starting down the Lean/Agile road can be difficult. We believe it would be very
useful to look at developing a roadmap for such companies to trial specific
Lean/Agile practices within the constraints of their environments while minimising
the risk to compliance.

While much focus is given to the more physical practices, very little is said about
what corporate operating procedures are needed to be in place [30]. It would be useful
to look at the governance of Lean/Agile software development in these domains with
a view to identifying how to design policies and product lifecycles which support the
software development teams in a Lean/Agile manner.

Finally, we noticed very little reference to the issues associated with Global
Software Development (GSD). We feel that while GSD is currently well researched,
it would be worthwhile to examine GSD issues within the safety-critical regulated
industry.
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Abstract. This talk discusses how agile methods can be used for managing
high-risk, time-sensitive Ré&D-oriented new product development (NPD)
projects with demanding customers and fast-changing market conditions. It
establishes the context, provides a definition, and describes the value-system for
lean and agile project management. It provides a brief survey of popular lean
and agile project management approaches and illustrates the mechanisms for
scaling the lean and agile project management model up to large-scale,
distributed projects. It also illustrates a few key agile project management case
studies as well as basic, burnup/burndown, cost estimating, business value,
earned value management, and advanced metrics for agile methods including
real options. Finally, this talk addresses the critical differences between agile
and traditional non-agile project management paradigms, as well as the debate
surrounding the pros and cons of agile certification.

Keywords: Lean thinking; lean development; agile methods; agile project
management; complex adaptive systems; systems thinking; flexibility; high-
performance teams; adaptive, iterative, incremental, collaborative, participative,
and rolling wave planning; real options; business value; return on investment;
costs and benefits; earned value management; metrics; models; measurements.

1 APM Introduction

Agile Project Management (APM) is a new paradigm for managing high-risk, time-
sensitive, research and development-oriented new product development projects [1].
APM seems to be the ideal model for modern, post-industrial information age
knowledge workers. In reality, however, APM has a long and rich history and lineage.
Tenets of APM can be traced back to the principles of experimentation used by Louis
Pasteur in the 1800s and Thomas Edison in the early 1900s, organismic biology by
Bertalanffy in the 1920s, cybernetics by Weiner in the 1940s, systems theory by
Boulding in the 1950s, systems dynamics by Forrester in the 1960s, double-loop
learning by Argyris in the 1970s, learning organizations by Senge in the 1980s,
adaptive planning by Highsmith in the 1990s, and many others who are too numerous
to mention here [2]. The fundamental notion or theory underlying APM is that
modern systems are complex, not well-understood, subject to the forces of dynamic
and unstable market conditions, technology intensive, and constantly changing [3].
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Counter to the principles of complex adaptive systems are traditional methods
based on scientific management principles pioneered by Adam Smith and Frederick
Taylor in the British and American industrial revolutions of the 1800s and 1900s [4].
Key ideas emerging from this paradigm were division of labor, specialization, time
and motion, Gantt charts, mass production, hierarchical organizations, and most other
principles associated with 20th century manufacturing. The basic notion behind
traditional methods is that all system requirements can and should be documented,
work breakdown structures should be carefully constructed, all activities should be
defined and scheduled, cost and effort estimated, and then meticulously detailed
project plans should be carefully controlled using techniques such as earned value
management to within a 5% or 10% level of precision [5]. After software-intensive
systems reached crisis proportions in the 1960s, the term software engineering was
coined, and many people began applying principles of traditional methods to software
development as a means of controlling project scope, time, and cost.

While the proponents of Taylorism attempted to control chaos with scientific
management principles, others began to rediscover the job-shop practices used by
highly creative and innovative individual artisans, mathematicians, and scientists
throughout the ages [6]. Part of this rediscovery included the formation of the human
school of management in the 1930s and 1940s, autonomous work groups in the 1950s,
computerized manufacturing in the 1960s, flexible manufacturing in the 1970s, new
product development in the 1980s, and lean thinking in the 1990s [7]. Although the
leading thinkers had already discovered that incremental planning was superior to
long-term strategic planning in the 1970s, it wasn’t until 1994 that traditional methods
were officially declared obsolete [8]. The basic notion behind modern ideas is that
inductive thinking is better than reductionism, chaos can’t be controlled, planning
should be done a little bit at a time, planning should be participative with the key
stakeholders it affects, products should be built in smaller chunks, and projects should
be frequently re-planned to dynamically adapt to changing market conditions [9].

2 Types of Major APM Models

As large, heavyweight traditional methods including SW-CMM, CMMI, ISO 9001,
ISO 12207, ISO 15288, PMBoK, SEBoK, and SWEBoK were in their golden age,
agile methods finally emerged in the 1990s and 2000s [10]. Agile methods didn’t
appear out of thin air, but were firmly based on autonomous work groups from the
1950s, end user involvement from the 1960s, iterative development from the 1970s,
and rapid application development from the 1980s [11]. The major ones emerged in
this order, Crystal Methods, Scrum, Dynamic Systems Development Methodology,
Feature-Driven Development, and finally Extreme Programming (XP). XP emerged
in 1998 and took the world by storm. In 2001, the creators of these methods formed
what is known as the Agile Manifesto, which was a common set of operating
principles. It was based on four broad values: (1) customer collaboration, (2) iterative
development, (3) self-organizing teams, and (4) adaptability to change [12]. Shortly
on their heels emerged the paradigm of APM, with models such as release planning,
sprint planning, radical project management, extreme project management, and APM.
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2.1 Sprint Planning

Scrum, one of the earliest forms of agile methods, was created by Jeff Sutherland at
Easel circa 1993 [13]. Scrum is generally comprised of four broad stages, sprint
planning, sprints, sprint review meetings, and sprint retrospective meetings. However,
more emphasis has been placed on the project management components of Scrum.
One view of Scrum divides its project management model into two broad phases,
initial planning and the sprint cycle. The initial planning sub-phase consists of a
discovery session when projects are initiated, scoped, and organized. It also consists
of a release planning sub-phase when a project backlog is formed consisting of
prioritized user needs and a general timeline for multiple development sprints. The
sprint cycle phase consists of a sprint planning sub-phase, the development sprint
itself, daily team meetings, sprint reviews, and retrospectives.

2.2 Release Planning

XP, one of the most popular agile methods, was created by Kent Beck at Chrysler
circa 1998 [14]. Scrum influenced the creation of XP, although Scrum’s project
management model was refined based on XP. Originally, XP was comprised of 13
practices: planning game, small releases, metaphor, simple design, tests, refactoring,
pair programming, continuous integration, collective ownership, on-site customer, 40-
hour weeks, open workspace, and just rules. However, XP’s project management
model is comprised of two broad phases, release planning and iteration planning. The
release planning phase consists of three sub-phases, exploration, commitment, and
steering. During this phase, user needs are captured, prioritized, and a release plan is
formed with a timeline for multiple iterations. During the iteration planning phase,
technical tasks are formed, estimated, and executed to build the product.

2.3 Extreme Project Management

Extreme Project Management (XPM) was created by Doug DeCarlo of the Cutter
Consortium circa 2004 for all types of projects [15]. XPM’s design was influenced by
Rob Thomsett’s Radical Project Management model, Jim Highsmith’s APM model,
and Kent Beck’s XP model. Its motivation came from chaos theory and complex
adaptive systems, and resembles a lightweight project management model for new
product development. XPM consists of five broad phases: visionate, speculate,
innovate, re-evaluate, and disseminate. A broad vision for the project and product is
formed during the visionate phase. The output of the speculate phase is a project plan
and the innovate phase is used to iteratively develop the solution. Finally, the
project’s and product’s status are assessed during the re-evaluate phase and products
are distributed to customers in the disseminate phase if they are successful.

2.4 Agile Project Management I

Another APM model was created by Sanjiv Augustine, then of CC Pace, circa 2004
[16]. Sanjiv’s model was influenced by Jeff Sutherland’s Scrum model, Kent Beck’s
XP model, and Jim Highsmith’s APM model. Sanjiv’s model focused on two broad
areas, a leadership model to establish the organizational culture for agile methods and
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a broad framework for managing agile projects. There are three broad phases in
Sanjiv’s model: foster alignment and cooperation, encourage emergence and self
organization, and learning/adaptation. The first phase consists of establishing organic
teams and an overall project and product vision. The second phase consists of
establishing simple rules, a climate of open information exchange, and light-touch for
just the right balance of flexibility and discipline. The last phase focuses on learning
and adaption at both the organizational and project levels.

2.5 Agile Project Management 11

An influential model of APM was created by Jim Highsmith of the Cutter Consortium
circa 2004 [17]. The design of Jim’s model was influenced by Rob Thomsett’s
Radical Project Management model, Jeff Sutherland’s Scrum model, and Kent Beck’s
XP model. Jim’s model is based on four major ideas, establishing a project and
product vision, planning for multiple releases, using agile practices for product
development, and bringing administrative closure to a project. There are two broad
phases in Jim’s model, innovation lifecycle and iterative delivery. The first phase
consists of envisioning a product, speculating or creating a release plan, exploring the
product’s development, launching a successful product, and closing it out
administratively. The second phase consists of technical planning, product
development, operational testing, adaptation, deployment, and a variety of other
activities such as continuous integration.

3 Scaling APM to Large Programs and Projects

As use of agile methods spread, traditional methodologists felt they were only for
very small projects, although they were never designed with this limitation in-mind
[18]. Literature emerged that exhibited the applicability and scalability of agile
methods to large programs and projects. Some of the major techniques for doing so
included multi-level teams, plans, backlogs, coordination, and governance [19].
Multi-level teams are comprised of product management teams who primarily
interface to the customer, release management teams who plan agile projects, and
feature teams who are responsible for managing day to day development. Multi-level
plans consist of product roadmaps, release plans for multiple iterations, and iteration
plans for day to day activity. Multi-level backlogs consist of capabilities or epics,
feature sets or themes, and user stories or system-level requirements. Multi-level
coordination consists of capability teams, feature-set teams, and feature teams (also
known as a Scrum of Scrums). Multi-level governance also consists of governing,
functional, and feature teams for establishing program and project policies, standards,
processes, tools, and non-functional requirements. Numerous other scaling techniques
are emerging from the literature on distributed teams.

4 Metrics and Models for APM

Many seek to identify the right blend of metrics and models for APM [20]. For some,
the goal is to map traditional metrics to those of agile methods. For instance, basic
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metrics for size, effort, productivity, complexity, quality, testing, and reliability apply
to agile projects as well as traditional ones. However, size and productivity may be
measured in terms of story points, which is similar to function points. Productivity or
velocity refers to story points per sprint or iteration, and are tracked using burndown
or burnup charts. This gives a basic measure of work completed within a two to four
week period. Basic effort and cost models are starting to emerge based on lines of
code, function points, and user stories per hour [21]. Business value is measured in
terms of costs, benefits, breakeven point, benefit to cost ratio, return on investment,
net present value and real options [22], [23]. Some are willing to adopt the use of
agile methods, so long as they can apply earned value management, which led to the
emergence of AgileEVM [24]. However, agile project plans have a much shorter time
horizon than traditional ones, and change frequently. While traditional projects are
designed for small changes, agile projects are designed for larger size, cost, and scope
changes, as long as it results in greater business value.

5 APM Case Studies

Thousands of projects are now using agile methods on a world-wide basis. As a
result, hundreds of APM case studies have emerged over the last 20 years. While it is
not the purpose to analyze all of them, five agile case studies will be examined here,
by Google, Primavera, FDA, FBI, and the U.S. DoD, in order to illustrate the range of
industries applying APM. As an illustration of electronic commerce, Google used
Scrum on one of its largest projects, Ad words, in order to improve project planning,
estimation, and quality [25]. As an example of the shrink-wrapped software industry,
Primavera used Scrum on a 100 person team to achieve dramatic quality
improvements and cycle time reductions [26]. As an example of the highly-regulated
healthcare market for safety-critical systems, Abbott used Extreme Programming to
achieve significant cost, schedule, staff-size, and quality improvements [27]. As an
example of a large, traditional civilian law enforcement government agency’s
enterprise-scale data warehouses, HPTI used Extreme Programming to achieve
dramatic productivity and quality improvements [28]. Finally, as an example of a
large, traditional U.S. DoD government agency enterprise-level web services, FGM
used Extreme Programming to improve teamwork, productivity, and quality [29].

6 APM Summary

APM is a fundamentally new paradigm, and is not simply a lighter weight traditional
project management approach. At its core, APM is also based upon the four major
values of agile methods: (1) customer collaboration, (2) iterative development, (3)
self-organizing teams, and (4) adaptability to change. Therefore, new metrics should
be used to reflect these four values, rather than simply applying traditional measures.
On average, APM results in 50% improvements in cost, schedule, quality, and
personnel resources [30]. Agile certification is a topic of debate, although it helps
form a common understanding of processes and terminology, create a more
disciplined workforce, show a commitment to its values, and result in recognition
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[31]. Common agile myths are slowly being disproven: they are only for small co-
located software teams, they don’t scale up to large projects, and they are
undisciplined. A frequently asked question is “When is it appropriate to use
traditional versus agile methods?” Early theories asserted that traditional methods
were better for large projects, while agile methods were for small ones [32]. Also, it’s
important to remember that agile methods were designed to address the uncertainty
and instability of large projects (and they were created to overcome the high failure
rates associated with using traditional methods on projects of all sizes).
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Abstract. Agile provides a good framework for improving software
development, but it is not enough to get true improvement in the way the whole
organization functions or to get significant business benefits. Very seldom an
organization’s biggest problems are in software development. More often they
are in interfaces of different functions or not understanding well enough what
business the organization is in and what do customers really want. For these
purposes, it is argued, that lean thinking gives better tools to understand and
address the underlying problems. It is shown that lean and agile complement
each other in many areas, but there are also challenges in combining the two
approaches. Lean addresses the role of management, which agile mostly omits.
It is argued that combining lean thinking with Scrum means actually going to
the roots of Scrum; Scrum has been influenced by lean thinking, so there is no
inherent conflict.

Keywords: Lean thinking, lean software development, agile software
development, Scrum.

1 Introduction

Agile provides a good framework “for improving software development, but in my
experience it is not enough to get true improvement in the way the whole organization
functions or to get significant business benefits. Agile is just not enough when
software is only part of the product, in very large-scale development (i.e., tens of
teams, systems of systems development), or when there is need to improve the way
the whole organization works. Yet, this is the case most often.

Very seldom an organization’s biggest problems are in software development,.
Rather, more often they are in interfaces of different functions, or not understanding
well enough what business the organization is in and what do customers really want.
Even though it very often looks like we have an “R&D problem” or “software quality
problem” the root causes of these problems are somewhere else than R&D or
software. Lean thinking approaches the problem more holistically and thereby offers
better tools to understand and address the underlying problems.

This paper is based on experiences gathered from several years of agile
transformation in a multi-technology, multi-site, multi-cultural and large software
development organization. The transformation begun in 2005 and still continues. The
author has been the responsible leader of the transformation since its inception. Over
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the years, significant progress has been done from a single or few team experiments to
the transformation of several business units from waterfall based software
development to agile and lean development. We have now come to an understanding
how far a transformation can carry with the operational and thinking tools offered by
agile methods.

2 Comparing and Contrasting Agile and Lean Approaches

It is not fair to blame “agile of not being enough”; agile methods are meant for
software development and the thinking behind is very much team and software
oriented, so it is not possible for agile to cover all the needed areas. Therefore, we
decided to combine lean thinking to our agile adaptation.

We have experienced that lean and agile complement each other in many areas, but
there are also challenges in combining these two. Since agile is team oriented, a
bottom-up approach works well in the agile adaptation. However, the limits of one
team and the bottom-up approach are very soon reached in large organizations. This
is especially the case when interfaces of different functions should be changed or the
whole organization should be seen as one system. One team simply does not have the
needed knowledge or power to influence.

Lean requires a top-down approach, involvement of larger organizations and the
management. Of course lean thinking and many lean tools can be used also on team
level, but again, to get the full benefits of lean, team level changes are not enough.

So the question is how to combine a bottom-up with top-down approaches in agile
and lean transition. This is an interesting question since it is actually the same
question as how to combine self-organized teams and the ability of the whole
organization to move towards the same direction and work together. Based on my
experience, I think this is the reason the question has proven to be very difficult for
organizations to answer. In fact, I claim that many have been unable to answer it at
all, which is one reason for the failed or only partially successful agile and lean
transitions.

Combining the two approaches requires a deep understanding of the lean thinking
from the managers of the organization. If they do not take the time to learn about lean
principles and what they mean for the whole organization and especially for
leadership and management practices, there is little chance for real improvement.

The management and leadership practices are closely connected to the role of
managers, which agile and lean view very differently. In agile methods, for example,
the line managers are omitted completely, and many organizations in agile transition
struggle with what is the role of line managers in agile — or even if there is any role.

Scrum has become the de facto agile method or at least the agile management
framework, because of its seeming simplicity and the fact that it tries to address some
issues connected to management roles. Two new roles — i.e. Product Owner and
Scrum Master — are introduced with Scrum, but what happens to the existing manager
roles? Just adding two new management roles and thus increasing management
overhead is likely to cause conflict between new and old management roles. Thereby,
in my experience, this is not a good solution. Neither the removal of all the old
management roles is feasible because in large organizations the two Scrum roles are
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simply not enough. While, some Scrum enthusiasts may claim differently, scaling up
the Scrum roles is at least needed, e.g. Enterprise Scrum Master and head Product
Owner roles.

Software forms only a part of the product in many systems development
endeavors, or in large organizations altogether. Therefore, scaling up only a few roles
is not sufficient. The teams are seldom truly cross-functional or they would have an
end-to-end responsibility or even visibility. Rather, they are cross-functional within
R&D or one part of the R&D, but they do not cover sales, manufacturing, delivery
etc. It is easy to say that the solution is to make the teams truly end-to-end, but with
products that require thousands of people to develop, involve tens of factories in
building the products, a cross-functional team approach is not the solution.

Lean gives much better answers to role of management; lean addresses the role of
management, which agile mostly omits. Combining lean thinking with Scrum means
actually going to the roots of Scrum; Scrum has been influenced by lean thinking, so
there is no inherent conflict.

Mary Poppendieck [e.g., 1] calls the two main management roles in lean product
development the Product Champion (vs. Product Owner) and competency leader,
which is a coaching line manager role and can be combined with Scrum master role at
least after the first step of agile transition.

The Product Champion provides an engaging vision and direction to the teams
involved in developing and delivering the product. The coaching line manager is
focused in helping individuals and team to grow to their full potential.

There is one issue where both agile and lean thinking are unanimous about: the
traditional role of command and control managers is not needed. This is might be very
difficult for organizations to give up. R&D line managers very often complain that
they don’t have any time for the truly important issues — with which they mean
coaching people or keeping up the technical excellence of the product or the teams.
Instead all their time goes to reporting, planning and having useless meetings. Many
managers find the idea of self-organizing team a relief after the initial shock and are
able to find themselves a meaningful role as a coach or a technical leader.

But managers find it very often difficult to change their role to a more meaningful
one because of management processes and organizational expectations towards
manager role. An individual manager can feel powerless when facing the whole
corporate machinery. We have noticed that in order for the teams to be self-organized,
also managers need to empower themselves to start challenging dysfunctional
organizational practices and policies. For this a whole new management philosophy is
needed. Changing organizational practices is much easier to do when the whole
management team working together on this, as a team. We have got the best results of
coaching whole management teams instead of individual managers.

3 Conclusions

This paper has maintained that agile provides a good framework for improving
software development, but it is not enough to get true improvement in the way the
whole organization functions or to get significant business benefits. Lean thinking
gives better tools to understand and address the underlying problems. Lean and agile
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complement each other in many areas, but there are also challenges in combining the
two approaches. One of the more serious concerns raised was the role of other
functions than software development.

In order for a successful agile and lean transition, many of the traditional financial,
planning and human resource practices need also be changed. They do not support the
new line manager role, empowerment or a lean way of working. Neither agile nor
lean address these corporate level management issues very clearly. Due to these issues
we are now experimenting with bringing in some thoughts from Beyond Budgeting
[e.g., 2] school of thinking.

In conclusion, so agile is not enough, we need a change in the whole management
philosophy. Agile, lean and beyond budgeting complement each other nicely and are
based on sufficiently similar principles of customer focus, understanding where the
value comes from, empowering front line people and making decisions where the
knowledge is.
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Abstract. Every organization has a design. As an organization grows, that
design evolves. A decision to embrace agile and lean methods can expose
weaknesses in the design. The concept of refactoring as applied to software
design helps to improve the overall structure of the product or system.
Principles of refactoring can also be applied to organization design. As with
software design, the design of our organization can benefit from deliberate
improvement efforts, but those efforts must have a purpose, and must serve the
broad community of stakeholders that affect, or are affected by, the
organization. Refactoring to agile and lean organizations demands that we have
a shared vision of what the refactoring needs to achieve, and that we optimize
the organization around the people doing the work.

Keywords: agile, lean, organization design, stakeholder, stakeholder
management, refactoring, metaphor, Jazz, artful making, organization patterns.

1 Introduction

Any organization can be viewed as a set of social structures. As firms grow, people
make choices about how to structure themselves. Organizations within organizations
emerge or are created. As with software designs, the organization design that emerges
is not always what was envisioned. As organizations embrace agile and lean
development we find we need to refactor our organization structures so they are
optimized to support, rather than control, the people who do the work. We need to
question traditional management philosophies about how to organize and manage
work. We need to acknowledge that everyone involved in the development of our
products, from concept to cash, has some stake in the outcome of what we do. We
need to adopt effective strategies that help us identify and engage with those people
that influence, or are influenced by, our organizations and processes. This paper, and
the accompanying talk, brings together a set of concepts that help with organization
design and refactoring.

2 Refactoring

Refactoring has a long tradition in the field of Object-Oriented software development.
Martin Fowler described refactoring the design of existing code [1]. Refactoring is
one of the technical practices of XP [2]. Although Fowler’s refactorings talk about
code and software design, we can take the concept of refactoring and apply it to
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organizations. The process of refactoring a software design is typically performed one
refactoring at a time, with a vision of what the end result will look like, and with a
goal of not breaking the system. This talk will discuss some refactorings that can be
applied to organizations, where the organization is anything from a team to a business
unit, to an entire firm.

3 Stakeholders

Although the term stakeholder is often used in software development, it is often
limited to customers, end-users, or project sponsors. Where there is deeper mention of
stakeholders, they typically treat the development team or ‘the customer’ as a single
stakeholder. Stakeholder management provides us with a set of tools for identifying
and engaging with the broad group of stakeholders that affect, or are affected by our
organizations, and helps us understand what their stake is [3]. Applying principles of
stakeholder management helps our agile and lean organizations to be successful, and
gives us a context in which to apply organization-level refactorings. Any changes
made to the organization are done so to balance the needs of multiple stakeholders.
Freeman identifies seven techniques or strategies for creating value for stakeholders,
including stakeholder assessment, stakeholder behavior analysis, understanding
stakeholders in more depth, assessing stakeholder strategies, developing specific
strategies for stakeholders, creating new models of interaction for stakeholders,
developing integrative value creation strategies [3]. To successfully ship a product or
deliver a service, it helps to understand who has a stake in our product, our services,
and our organizations. It also helps to understand that the nature of that stake or claim
changes over time. Related research shows how stakeholder management principles
can be applied to help organizations create structures that support Scrum teams [4].

4 Metaphors as a Tool for Engaging Stakeholders

When creating or changing organization structures to support agile and lean
development, it is often difficult to know when we are ‘done’. Indeed, if we truly
embrace agile and lean principles then we are never ‘done’. Rather, we are in a state
of continuous deliberate improvement. Metaphors provide a powerful way to develop
a shared vision, and can help shape how people perceive an idea. This is particularly
useful when discussing organization design. The eventual outcome may not be clear
or easy to articulate. It helps to have a guiding metaphor, or set of metaphors.

4.1 Jazz Improvisation

Barrett describes what we can learn from Jazz as an enabling metaphor for creativity
and innovation in organization learning [5]. He describes seven features of jazz
improvisation that organizations can apply to create more innovative and adaptive
environments. The first of these is provocative competence. Organizations will
routinely fall back on hold habits and established routines, unless they deliberately
embed experimentation and create structures that inspire alternative possibilities. The
second feature is embracing errors as a source of learning. Errors are a vital source
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of learning, yet organizations can grow to discourage errors and minimize risk-taking.
The third feature is minimal structures that allow maximum flexibility. Large
bureaucratic organizations with too many rigid rules stifle innovation and creativity.
The fourth feature is what Barrett describes as distributed task: continual negotiation
toward dynamic synchronization. The fifth feature is reliance on retrospective sense-
making. The sixth feature is "Hanging out": Membership in communities of practice.
The idea of communities of practice is taking root in agile development circles too,
and is seen as an alternative to traditional functional hierarchies. The seventh feature
is alternating between soloing and supporting. Jazz ensembles usually rotate the
leadership role. Members each get an opportunity to develop an idea, and are
supported by the rest of the group.

4.2 Collaborative Arts

Artful Making proposes a framework for knowledge work that draws inspiration from
the world of collaborative arts and theatre production. Austin and Devin note that “as
business becomes more dependent on knowledge to create value, work becomes more
like art” [6]. The Artful Making framework is iterative, not sequential, and involves
repeated cycles of talking with the customer about the product, creating incremental
versions of the product, and showing the product to the customer for feedback. The
environment required to support an artful making process is similar to that required to
support teams in an agile and lean organization. There are four basic attributes, or
qualities, of an artful making process. The first is called release, and is a form of
control that expects wide variation within known parameters. The second attribute is
collaboration, and relies on experienced, skilled professionals coming together in a
spirit of openness where they allow new and unpredictable ideas to emerge.
Collaboration is not the same as compromise. The third quality is ensemble, where
people come together in collaboration to create something that is more than the sum
of the individual parts; more than any individual party could have conceived off
alone. The fourth quality is play, and is the quality exhibited by the interactions
between the customer and the group creating the product.

5 Organization Patterns

The organization patterns identified by Coplien and Harrison address specific
stakeholders, and the relationships between stakeholders [7]. Viewed in this context
the patterns provide guidance on building effective stakeholder relationships within
software development organizations. The authors consider an organization as a social
system with structures, and in that context they identify patterns that have helped
software companies to achieve improved efficiencies in organization and
performance. They group the patterns into four pattern languages, each of which
addresses a particular set of problems. There is a pattern language for project
management, growth of the product and process, organization style and role
relationships, and people and code.
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6 Conclusion

Organization design can benefit from principles of refactoring. Our organizations
have stakeholders. In product development we often take too narrow a view of who
those stakeholders are, and what their stake really is. The principles of stakeholder
management help us to identify, understand and engage with the many diverse range
of stakeholders. When refactoring an organization’s design to support agile and lean
development, we aim to optimize the structures of the organization around the people
who are doing the work. To be meaningful, refactoring must have a purpose.
Metaphors provide a useful tool to communicate that purpose. Jazz improvisation and
Artful Making are two useful enabling metaphors for understanding the rich and
complex interactions between the many and varied stakeholders in a product
development organization. Finally, Organization Patterns provide a rich body of
knowledge that compliments agile and lean, and that provides proven patterns for
engaging stakeholders and guiding changes in the design of our organization.
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Abstract. Various Agile methods focus on delivering “value” or “valuable
working software” or “delivering quality code” but what if we are just doing the
wrong thing righter? A more recent development has been the popularity of
“Lean” thinking for IT. However there is far more to a successful intervention
than mapping value streams and finding then removing “waste”. I also see a
series of anti patterns forming:

*  Traditional IT leaves “knowledge of the work” to a mixture of Business
Analysts, Product Owners, proxy customers and managers views.

*  Those within IT often point to meeting the needs of the “business” as if
they are the ones who produce revenue for the organisation. The customer
becomes forgotten.

*  The approach of IT implementation is “push” - here is the new IT system,
now how do we get people to use it?

I believe decisions about the use of IT should be taken from a position of
knowing the “what and why” of current performance as a system. In the
Systems Thinking approach IT is “pulled”, the people doing the work
understand the “what and why” and “pull” IT into parts of the work, knowing
what to expect. The first part of this talk is an overview of Systems Thinking
theory, and more specifically how it can be applied to IT and what benefits this
will bring. Part two of this talk revolves around a series of experience reports
using the Systems Thinking Method in both IT and non-IT areas within BBC
worldwide.

David Joyce

David is an agile coach with 12 years technical team management and coaching
experience, and 20 years software development experience. In recent years, using
Scrum and XP, David has coached onshore and offshore teams and successfully
launched an internet video startup from inception to launch. More recently David has
coached teams on Lean, Kanban and Systems Thinking at BBC Worldwide in the UK.
David currently works for Thoughtworks as a principal consultant and is a Systems
Thinker, Lean practitioner, Kanban coach and certified Scrum Master. David recently
received the Lean SSC Brickell Key award for outstanding achievement and
leadership.
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Abstract. Agile software development is (in part) based on the idea that
software teams are complex adaptive systems (CAS), and many experts (like
Jeff Sutherland, Jim Highsmith, Sanjiv Augustine, Joseph Pelrine) have
borrowed terms from complexity theory (“self-organization”, “emergence”) to
explain how software teams work. During a panel session at the Scan-Agile
2009 conference in Helsinki I asked panel members Mary Poppendieck (lean
development) and Dave Snowden (complexity theory) what the difference is
between complexity thinking and lean thinking. Is there a difference? How do
Complexity and Lean “see” each other? Unfortunately, due to some confusion,
the question never got answered and the conference moved on. Afterwards
Mary Poppendieck told me honestly that she didn’t really know how to answer
that question. And maybe the other panel members had the same problem. ©
Now I suggest that I try to answer that question myself. My upcoming book
about complexity science and management of software teams has made me
think a lot about topics like these. I think I have some interesting ideas that
would lead to good discussions. Some examples:

1. Lean software development promotes removing waste as one of its
principles. However, complexity science seems to show that waste can have
various functions. In complex systems things that look like waste can
actually be a source for stability and innovation;

2. Lean software development preaches optimize the whole as a principle, and
then translates this to optimization of the value chain. However, I believe
that complexity science shows us a value chain is an example of linear
thinking, which usually leads to sub-optimization of the whole organization
because it is a non-linear complex system;

My suggestion is therefore to organize a talk and discussion where I present the
concepts of complexity theory, and how this relates to Lean thinking. I will then
try and “challenge” a few basic assumptions in Lean software development as a
Devil’s Advocate. The audience will discuss the issues with me, and either they
decide that my “challenges” don’t hold, or they agree with me and accept some
nuance to the basic Lean principles. Either way, we will all learn and have fun!

Jurgen Appelo

Jurgen is a writer, speaker, developer, entrepreneur, manager, blogger, reader,
dreamer, leader, freethinker, and... Dutch guy. After studying Software Engineering
at the Delft University of Technology, and earning his Master’s degree in 1994,
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Jurgen Appelo has busied himself starting up and leading a variety of Dutch
businesses, always in the position of team leader, manager or executive.

Jurgen’s current occupation is Business Unit Manager at Sociotoco, and Chief
Information Officer at ISM eCompany. With 200 employees it is one of the leading e-
commerce solution providers in The Netherlands. As a manager, Jurgen has
experience in leading a horde of 100 software developers, development managers,
project managers, business consultants, quality managers, service managers and
kangaroos, some of which he hired accidentally.

Jurgen is primarily interested in software engineering, quality improvement and
complexity theory, from a manager’s perspective. As a writer he has published a
number of papers and articles in several magazines, including Dr. Dobb's, Software
Quality Professional, Methods & Tools, The Software Practitioner, StickyMinds,
Software Development Network, Computable and Automatisering Gids. He is also a
speaker, being regularly invited to talk at seminars and conferences about agile
software development, project management, process improvement, and development
management.

However, sometimes he puts all writing, speaking and managing aside to do some
intensive programming himself, or to spend time on his ever-growing collection of
science fiction and fantasy literature, which he stacks in a self-designed book case,
which is 4 meters high.
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Abstract. The words lean, product development, and innovation have unique
implications for software organizations. Most lean software implementations
have focused on the individual work practices rather than attempt to take a
system approach. This is consistent with the evolution on lean thinking.
Similarly even though innovation is the lifeblood of software organizations, few
are successful at sustaining their innovation efforts. We believe that lean
product development serves as a bridge to connect lean enterprise thinking and
innovation in a mutually reinforcing manner. The program we have put together
focuses on blending research and practice to provide the conference attendee
with immediately usable tools, tips and techniques, and at the same time create
the foundation for creating a lean system of innovation.

Keywords: lean enterprise, product development, agile software development,
innovation.

1 Introduction

Lean and Innovation have both been touted as transformational strategies that are
essential to long term survival of organizations — and yet there remains a perception
that they are often at odds with each other. In this paper, we briefly touch upon some
of the key ideas from both streams of knowledge, and discuss how the research and
practice presented in this track aim to extend our understanding of lean innovation,
and present ways of seeing them as approaches that are complementary and mutually
reinforcing.

1.1 From Lean Production to Lean Enterprises

The elevation of classical lean practices from production to the enterprise level can be
traced back to the first widely published academic paper [1] on the Toyota production
system in 1977. At the heart of Toyota’s successful evolution from a supplier of
trucks to the US Army in Japan post World War II to the largest automotive
manufacturer in the world is the combination of an efficient and effective production
system, and a system for growing human capital. While lean principles and practices
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were taking hold in Japan at that time, there was little evidence that these concepts
could be applied outside either the Japanese or the manufacturing context. The
groundbreaking IMVP study that resulted in the ‘Machine that Changed the World’
[2], highlighted the successes that Toyota was having in steadily increasing their
market share, while at the same time lowering costs and improving quality. The focus
of the early lean work was on understanding the production system alone, lead to the
common misunderstanding that the practices were best suited to, and successful in the
manufacturing shop-floor. Womack and Jones [3] provided one of the first attempts at
generalizing the understanding of the Toyota Production System (TPS) through their
five principles of lean thinking. Although their ideas were drawn from studying the
automotive industry in general, other researchers began to test the applicability of
the principles in other domains. Their emphasis on waste-elimination led to the
proliferation of tools ranging from value stream mapping to kanban systems.

The work of Murman et al. [4] in applying lean principles to the aerospace industry
resulted in five lean enterprise principles that reframed lean efforts as being focused
on value creation as opposed to solely waste elimination. ‘Lean Enterprise Value’ was
one of the first books to advocate the need for an understanding of the enterprise
value proposition as a basis for transformation efforts. Their research across
government and industry reemphasized the need to connect production processes to
human-oriented processes. The continued research in the Lean Advancement
Initiative at MIT on enterprise transformation resulted in the development of the
seven enterprise transformation principles [5]. The emphasis on principles is driven
by the fact that they are flexible and capable of adaptation to the appropriate level.
We are beginning to see lean be applied in the software context, but a majority of
efforts have been focused on work practices rather than on taking a holistic systems
approach.

1.2 Understanding Innovation

The importance of innovation for organizational success can be traced back to
Schumpeter [6], wherein he defines innovation as:

“Changes of the combinations of the factors of production as cannot be
effected by infinitesimal steps or variations in the margin. They consist
primarily in changes in the methods of production and transportation, or in
the production of a new article, or in the opening up of new markets or of
new sources of materiel.”

This definition of innovation has stood the test of time, and while ideas like
entrepreneurship have emerged in more recent time, the essence of innovation
remains the same. As Drucker [7] points out almost 50 years after Schumpeter when
discussing innovation:

“It is the means by which the entrepreneur either creates new wealth-
producing resources or endows existing resources with enhanced potential
for creating wealth.”
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In other words, innovation can be in the product or the process [8]. It can be
classified based on the whether it is incremental or radical [9], or modular or
architectural [10]. At the heart of the innovation puzzle is the ability to connect the
strategy and tactics associated with the macro perspective, with the mechanics of
effectively transitioning ideas into finished products and services at the micro-level.
The four factors that Van de Ven identified in 1986 as being key to successful
innovation [11], namely, the human problem of managing attention, the process
problem of managing good ideas into good currency, the structural problem of
managing part-whole relationships, and the strategic problem of institutional
leadership, remain relevant today. For software organizations, these questions are
magnified when operating under the constraints of billable hours, and blurring
identities between the client organization and the developer organization (when the
project is outsourced/offshored).

1.3 Lean Product Development

Lean Product Development brings the two ideas of lean and innovation together to
enable organizations to achieve sustainable competitive advantage. Hoppmann
integrated a detailed literature review (the included [12], with an extensive survey of
113 companies to identify the eleven practices that collectively comprised the state of
the art on lean product development [13]. The eleven practices: Strong Project
Manager, Set-based Engineering, Process Standardization, Specialist Career Path,
Product Variety Management, Workload Leveling, Supplier Integration,
Responsibility-based Planning and Control, Cross-project Knowledge Transfer, Rapid
Prototyping, Simulation und Testing, Simultaneous Engineering when clustered and
ranked, provide a roadmap for organizations that are attempting to adopt lean product
development.

In more recent work, Gordon et al. [14] surveyed 300 employees across North
America and Europe in the automotive, high-tech and medical devices industries to
understand if there were unique characteristics for product development success. The
data from 28 organizations showed that the ones with the best track record for product
development: a. had a set of clear project goals early in the lifecycle, they nurtured a
strong project culture, and maintained contact with their customers throughout the
project’s lifecycle. For software organizations that have adopted agile methods
successfully, the last two are already taking place, but the first is a function of
customer-driven uncertainty, rather than team driven uncertainty. Gordon et al found
that teams that embraced the three tactics were 17 times as likely as the laggards to
have projects come in on time, five times as likely to be on budget, and twice as likely
to meet their company’s return-on-investment targets. These numbers highlight the
importance of effectively transitioning to a lean product development system.

2 Blending Research and Practice

The research papers in this track can be broadly partitioned into two themes:
understanding holistic system level challenges, and gaining deeper insights into
specific principles and practices. Kettunen highlights the challenge faced by most
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software organizations — current product development approaches are often
inadequate for delivering high performance even in the face of changing
requirements. Given the limited empirical evidence of the performance effects of lean
practices, the paper develops a roadmap and a framework for future research.
Rudolph and Paulisch capture rich data using a single case study of how lean is
interpreted within a project within the Automation business unit at Siemens. They
used the four lenses of product portfolio, technical architecture, process, and people &
organizations, to understand the dynamics of value creation and delivery. Their
analysis highlighted the need for a value-oriented requirements process, and the need
for an incremental development process with product quality.

Given that waste elimination is a fundamental tenet of classical lean thinking,
actually achieving minimal waste is challenging. Although the importance of
leadership in successfully driving change is recognized, Ikonen focuses on an
underexplored aspect of waste elimination — the impact of adding leadership at the
cost of project resources. Using a quasi-controlled experiment in two projects, the
research showed that waste can be reduced with the right leadership even in self-
organized teams. Following the waste theme, Mandic et al. focus on understanding
flow in the software development process as a means of improving performance.
They define the generalized concept of value creation points, and the associated
system of three axioms that capture the unique aspects of software development. They
emphasize that understanding the nature and diversity of decisions is critical for
understanding flow in software development.

The nine practice oriented talks and tutorials are focused on providing participants
with a broad based understanding of the frameworks, practices and tools that are in
use today. The case studies that will be discussed in the track include large aerospace
and defense organizations like Rockwell Collins, online automotive markets like
mobile.international, and startups like Huitale. The tutorial sessions include
understanding single piece flow, the latest output of the lean systems engineering
working groups, aspects of kanban systems, the clean delivery system and developing
a systems approach to product development

3 Takeaway

This track was focused on connecting the dots between the classical lean, lean
enterprises, product development, and innovation. Our goal in blending together
research and practice is to create a program that will provide immediate benefits to
the conference attendee and at the same time plant the seed of reflection to guide
holistic evolution of discrete practices into lean systems of innovation.
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Abstract. The current trends in most software development organizations are in
striving for high performance while meeting the emergent and even rapidly
changing customer needs. Traditional product development models are often
ineffective in such respects. Now Lean and Agile software models address
many of those particular concerns. However, empirical evidence of their actual
performance effects is still scarce and probably many hidden inefficiencies exist
in practical software projects. For example the Kanban process model is one of
the latest proposals with apparent potential to improve the efficiency of the
projects. This paper explores how software development activities and process
improvement can be evaluated in such cases. A research model is constructed
for the purpose of this investigation. New research hypotheses can be derived
and tested empirically with case study projects. By applying the supported
hypotheses in practice, the model is intended to be a systematic performance
development vehicle for software projects and a provisional framework for the
Lean software enterprise transformation research and development.

1 Introduction

Basically every software development organization is nowadays looking for new
ways to improve their performance [1], [2]. Often the case is not just increasing the
operational efficiency (e.g., productivity) but also — and sometimes even more so —
about removing the possible inefficiencies within the current software functions.
Moreover, product and process innovation is increasingly a major competitive
advantage in most rapidly changing software business areas.

All those needs call for more powerful tools for the software enterprises to master
their product development efforts in a rational and effective manner. Current Lean
and Agile software models address many of those particular concerns.

However, empirical evidence of their actual performance effects is still scarce and
certainly not conclusive [3]. The underlying theory is incompletely developed,
making it difficult to draw firm conclusions and consequently suggesting actionable
advice for the industrial practitioners.

Currently there is a proliferation of different tools, methods, and even philosophies
for development working in different areas and organizational levels. This makes it
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hard for industrial enterprises to link their strategic business goals to appropriate
improvement activities, and for the researchers to combine prior work to steer further
relevant research.

The purpose of this paper is to tackle that problem in a systematic way by
proposing a holistic research model and testing its hypothesis in empirical case study
project environments. The model is thus intended to build towards a comprehensive
framework for directing, linking, and assessing Lean software enterprise research
problems.

The rest of this paper is structured as follows. Section 2 outlines the conceptual
background and the related prior research indicating the knowledge gaps and
consequent new research needs. Section 3 then presents the research model. Section 4
presents some provisional cases. Section 5 draws the conclusions.

2 Related Work and Foundations

The prior work of the Lean concepts stem from the operations and production
management field, but those ideas have subsequently been applied to other areas of
product organizations and particularly to software development, too. This section
reviews briefly such related work (Sect. 2.1-2.5), highlights the knowledge gaps, and
concludes with the consequent research need analysis (Sect. 2.6).

2.1 Lean Enterprise Thinking

Currently there is no one agreed definition of a ‘Lean Enterprise’. It can be
characterized from different perspectives and at different levels. However, what is
commonly presupposed is that the lean principles originate from the production field
in the 1950s in Japan (in particular, automotive) [4].

That given, a Lean Enterprise is attributed with a combination of

e high quality products / services
e cost-efficient production / operations
e responsiveness to variations in customer demands

Such outcomes stem from the Lean Thinking principles of [5]

recognizing the customer values

developing the production systems for creating the values
running the production flows accordingly

controlling the production based on customer “pull”
continuous improvements striving for excellence

Fundamentally, they are based on competent and motivated people perfecting their
work practices and facilities. Such profound elements require deeply shared values
and supportive company culture — including specifically the executives and leaders.
Notably there is also a closely-related concept of ‘Agile Enterprise’ [6]. They have
much in common with Lean Enterprises, and the distinction between the two is by no
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means clear-cut. In general, such agile enterprises put more emphasis on the external
interfaces and behavioral effects of the company under turbulent environmental
conditions.

2.2 Lean Production

Lean Production (Manufacturing) is an operations management strategy which strive
for combining mass production efficiency with flexibility. It is frequently associated
with the Toyota Production System (TPS), but it is not limited to automotive industry.

In essence, Lean Production can be described as a ‘Japanese’ management
philosophy coupled with Just-in-Time (JIT) manufacturing techniques [7]. The key to
achieve the aforementioned strategic goals is to design the production system to work
on short lead times and small yet economically viable batch (order) sizes. That can be
realized with Flexible Manufacturing Systems (FMS) and other such modern
technologies run by multiskilled people [8]. High product / process quality is an
intrinsic trait since the whole production system is sensitive to rework. Lean
Production systems are often combined and extended with Lean Supply Chain
Management (SCM) methods [9], [10].

Again, there is a related concept of ‘Agile Manufacturing’ [11]. The characteristic
difference between the two is that Agile Manufacturing aims to work even under
unpredictable variances in demand, while the flexibility in Lean Manufacturing is
more limited to a planned range of product mixes and variants.

2.3 Lean Product Development

Following the principles of Lean Production, it is advantageous to couple the product
development functions into the same value chain design. In particular with complex
products much of the benefits of the production system depend on the proper
alignment of the product designs and the corresponding manufacturing process set-
ups (concurrent engineering).

Like in the production field, many of the Lean Product Development approaches
originate from the automotive industry (e.g., Toyota Product Development System,
TPDS). However, such techniques as set-based design and deferred design decision-
making are technology-independent and have subsequently been applied in other
industries [12]. Likewise, many of the organizational practices (e.g., Chief Engineers)
are basically applicable across industries.

2.4 Lean Software Development

Since the Lean Product Development approaches are basically technology-
independent, a consequent trend is to apply them to software product development.
However, the intangible and knowledge-intensive nature of software development
requires some reinterpretation of the basic ideas — particularly the concepts of value,
waste, and flow.

The value of software is realized only when it is executed in the target context.
Different software (product) types (e.g., fast-paced consumer goods vs. industrial
systems) may then have very different value profiles.
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In contrast to the material flows in manufacturing operations, what flows in
software product development is knowledge (information). If follows that knowledge
creation, transformation, and sharing are core process activities, and people are the
actors.

In particular Poppendieck has done some such application [13]. While for instance
waiting and defects “wastes” are straightforward to realize in software terms, such
key concepts as Work-in-Process (WIP) and unnecessary movement are not so. The
underlying key Lean idea is rapid defect detection and removal [14].

On the other hand, many of the more general-purpose product development
techniques (e.g., set-based design) and organizational management practices (e.g.,
empowerment) are readily applicable in software projects [15]. Moreover, certain
overarching Lean Enterprise principles could be realized in software organizations,
too [16].

In addition, following the principles of continuous improvement, some Lean ideas
have been applied to software process improvement [17]. On the other hand, there
have also been some attempts to adopt (agile) software development practices for
general new product development processes [18].

2.5 Lean Transformation

Currently there is a wide range of different Lean-related organizational and process
improvement approaches working in different scopes, at different levels, and even in
different time-horizons. In general, they can be categorized as follows:

e Software Process Improvement (SPI)
e Business Process Reengineering (BPR)
e Organizational Development (OD)

For instance most agile software methods address the ‘how’ at software team level,
while the Capability Maturity Model Integration (CMMI) concerns more about the
‘what’ in product development. However, most organizations require in addition more
business- and management-oriented tools in their total Lean improvements — such as
BPR and Total Quality Management (TQM) [19], [20]. A Lean transition may require
both incremental improvements (Kaizen) as well as conscious radical shifts
(Kaikaku). Lean transformations are often not only about traditional SPI, but
moreover about more extensive BPR. All those can be managed as OD programs.

Notably, there is also a widely-used term of ‘Agile Transformation’. When it
focuses mostly on agile software development, it can be considered as a
complementary part of the enterprise-level Lean Transformation. However, again, the
concepts are not clear-cut.

2.6 Knowledge Gaps and Research Needs

Table 1 distills the key research traits of Lean in different disciplines and areas
reviewed broadly in Sect. 2.1-2.5. Notably those are partially overlapping.
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Table 1. Lean research inferences for software enterprises

Research
Stream

Primary Focus

Key Concepts
(Lean/Agile)

LIMITATIONS for
Software Enterprises

Lean Enterprise
Thinking (Sect.
2.1)

e What is it that makes a
lean enterprise?

e systemic value-
orientation

o workforce-based
mindsetting (culture)

e concepts and terms of
‘Lean’ and ‘Agile’
currently not all exactly
defined

Lean Production
2.2)

e How does production /
manufacturing operate
there?

o JIT
e automation with a
“human touch”

o material flows replaced
with knowledge flows
e equipment replaced

(Jidoka) with knowledge work
Lean Product e How does new product | e Set-Based Concurrent e intangible nature of
Development (2.3) development join? Engineering software creation

Lean Software

e How to emulate

o flow and “wastes” in

e lack of solid underlying

Development (2.4) physical production? software development reasoning and analysis
Lean e How to conduct e continuous ® no established
Transformation programs of improvement pathways for software
(2.5) organizational change? (problems, excellence) organizations to follow

There is a need for an aggregating research and development framework.
Following that line of thinking, Fig. 1 combines the main issues captured in

Table 1.

Basic Research

Hypotheses

Lean Software

Enterprise
Model

@ = Research Question
= Section

BUSINESS STRATEGY

Management

\i, Needs

Operations

BPR, OD
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building

v Goals

Performance

Measurement

Applied Research
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2.3
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Outcomes /
Performance
Effects

Fig. 1. Lean Software Enterprise research and development cycle
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Currently not all those knowledge and capability areas and their relations in Fig. 1
are well understood. This leads to a sequence of research questions like numbered in
Fig. 1. Starting from the effects, the principal research problem can be set as follows:

1. How do (successful) software projects contribute to the lean enterprise
performance?

When this is known, the software development (projects) can be run accordingly to
achieve those desired success effects. This leads to the consequent bridging research
question (c.f., Fig. 1):

2. What factors moderate software project performance in lean enterprise context?

The right-hand side of Fig. 1 (applied research) is the prime concern for practicing
software-intensive product development organizations. However, in order to really be
able to answer the associated research questions (1. and 2. above), certain underlying
theory must be built. Although there are general-purpose provisional models for
Agile/Lean Enterprises, there is no such established theory for software organizations
to date. Therefore, a fundamental research question comes down to:

3. What is a Lean Software Enterprise?

Finally, in order to realize all that, a continuous R&D cycle is needed like
illustrated in Fig. 1:
4. How can it be realized (transformation / improvement)?

Such a continuous improvement cycle incorporates both single-loop learning with
incremental improvements (chiefly SPI; Kaizen) as well as double-loop learning for
even radical changes (BPR; Kaikaku). All those involve organizational development
(OD) approaches. Moreover, since the foundation of the Lean philosophy is to foster
the culture and people, the improvement activities should consider the organization
not only from the traditional process perspective as a mechanical production system
but also as a social system. The overall problem-setting addresses thus multiple
different disciplines simultaneously:

e software engineering, computer science
e business competence, economics, information systems
e organization management and design, behavioral science

Those considerations raise additional concerns for the research strategy.
Agile/Lean software development research has until now been limited mostly to team
level, with some provisional miscellaneous attempts to scale them up [21]. However,
also the research methods should take into account the elevation from the team level
to the enterprise levels.

In particular, the significance and impacts of the different business competence
areas need to be scoped [22], [23]. In addition, the organizational leveling must be set
up [24]. Different industrial organizations may have different priorities for valid
strategic reasons with respect to their Lean Transformation (adoption). This should be
taken into account, avoiding overgeneralization in the theory-building.

Considering software product development in particular, this paper does not
propose new definitions of ‘lean’ or ‘agile’ software development. Instead, the
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premise is to focus on the performance effects at the enterprise level. Different
software methods, practices, and tools provide different effects in such capabilities.

3 Research Model

Based on the related background work and the gap analysis presented in Sect. 2.6
linked to Fig. 1, Fig. 2 proposes an overall theoretical research model for the research
problem. Derived from our prior work, it builds on the following line of thinking (top-
down perspective) [25]:

e The software product development projects need to contribute (positively) to the
overall business performance of the enterprise (entity).

e Successful software projects address that goal by delivering value.

e Lean methods, practices, and tools are means to achieve those software project
goals. People (teams) use them.

e On the other hand, there may be some impediment factors preventing from
applying the means efficiently. They should be eliminated (or at least mitigated).

e Many interrelated factors are necessary enablers for making all that happen
effectively in practice. They require definite investments.

In addition, the research model incorporates the following key elements of Lean
Thinking on product value and product development flows [5]:

e specifying value ‘in the eyes of the customer’
e identifying the value stream and eliminating waste
e making value flow at the pull of the customer

Software project performance measurements are generally accepted to include such
factors as product quality and development cycle time (lead time). In all, project
performance is a multidimensional metric [26]. In the Lean Enterprise context the key
performance criteria is the software value, which can be defined in terms of the
product service and the cost of providing it over time. The essence of Lean is to
produce continuously high value with most efficient utilization of the resources
(including time). That is why we put the Value Flow in the heart of the model in
Fig. X. Consequently, the development methods and tools (Lean or possibly also
Agile) should amplify that on the one hand, and any hindrances (impediments) should
be eliminated on the other hand.

Moreover, considering the enterprise (product development entity) level requires
elevating from project-level measurements to higher-level business performance
metrics — such as profitability, ROI, company stock-market price, and even corporate
(brand) image [22]. This calls for linking the software project contributions to the
business effects.

Altogether, the elements shown in Fig. 2 comprise a systems model for Lean
Software Enterprise (c.f., Fig. 1). The ultimate research aim is now to understand the
relationships between those components in order to be able to control and improve the
overall enterprise-level effects.
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Fig. 2. Research model

Because of the provisional character, the justification of those initial ones is to be
validated. Furthermore, possibly more relations and interdependencies may be
discovered to enhance the model. Due to the multidisciplinary nature of the problem
space spanning from core software engineering to business competence and
organizational dynamics, the operationalizing may require interdisciplinary work.
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4 Empirical Studies

The research model presented in Sect. 3 (Fig. 2) can be mapped to the R&D cycle
shown in Fig. 1 to make new research propositions. This section follows that line of
thinking, to investigate some moderating factors of software project performance
(research question 2).

Lean Software Enterprise projects should deliver high software value in efficient
ways like highlighted in Fig. 2 (flow). We have done some initial investigations in
this research area concerning leanness. One case study focused on identifying wastes
in one particular software project using the Kanban model [27].

Fig. 3 illustrates the corresponding instance of the research model (c.f., Fig. 2).
The project performance (success) is related on the one hand to the Lean tool
(Kanban) and the team (people), and to the impediments (wastes) on the other hand.

Project
Performance

p1 p2

r2

People / Team

Fig. 3. Kanban case study research instance

The research case provided certain support for the following relations (labeled in
Fig. 3):

— rl:  There may be (observable) wastes in successful software projects.
— 12:  The Kanban method does not eliminate all wastes.
— 13:  People can identify (“see”) wastes when questioned (retrospectively).

Moreover, the following new propositions could be set for further study (see
Fig. 3):

— pl:  The Kanban method contributes positively to project success.
— p2: Wastes hinder project performance (value flow).
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— p3:  The Kanban method eliminates (avoids) certain wastes.
— p4:  People tend to favor the Kanban process model.

Another case study suggested that the Kanban model has considerable potential for
improving software project work and value-orientation [28]. Like in Fig. 3, an
instance of the research model can be constructed. This indicates some support to the
propositions pI and p4 above. The proposition p3 complements the relation r2 above.

These initial case study findings demonstrate to some extent the applicability of the
proposed research model. It may further help setting new research questions, and
connecting existing results and observations even retrospectively. However, further
evidence is needed to judge that with statistically testable hypotheses, possibly
modifying the initial model.

5 Conclusions

This paper proposes a tentative framework for roadmapping and conducting research
about Lean Software Enterprises. Like illustrated in Fig. 2, the Lean Software
Enterprise performance is expected to be based on continuous delivery of high
product value. The software development projects contribute to that. That is the
general reasoning for setting the research problem and questions (Sect. 2.6).

While software project success factors have been investigated extensively over the
years, their multidimensional relations to the overall product development and firm
performance are not well understood. Often the project success is considered only in
the local context from the producer viewpoint. However, in the Lean Enterprise
perspective more actionable knowledge is needed about the effects from the
customer/market viewpoints.

This paper does not advocate any prescribed universal model for Lean Software
Enterprises. Instead, the premise is that once the operational characteristics of the
software product development are understood, they can be steered according to the
specific needs and performance goals of the company. The operational research cycle
in Fig. 1serves those purposes. It is in a way a tool for making the inherently invisible
software operations visually recognizable and thereby more easily manageable like in
manufacturing [29]. The essence of the Lean Software Enterprise model is continuous
flow of high-value software products in sustainable ways (c.f., Fig. 2). This is
context- and product-specific, and therefore it is not reasonable to attempt to define
one fixed model applicable for every enterprise. That is the way how ‘Lean’ is framed
in this paper.

Since there are no readily available comprehensive models for Lean Software
Enterprises (Sect. 2.5), it is hardly possible to take any one particular
transformation/improvement template for practical realization. However, again, once
the company understands its business-specific needs and strategic goals (Fig. 2), it
can direct the OD actions towards those means.

Like presented in the case study (Sect. 4), each relation of the research model (Fig.
2) can be investigated by setting the corresponding hypotheses and testing them in
case projects. Furthermore, new relationships are potentially found for further
investigation.
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Moreover, by analyzing the case study results and inferring them, the underlying
theory of Lean Software Enterprises can gradually be developed and practical
organizational development tools devised like shown in Fig. 1. This makes it possible
to answer stepwise the overall research problem set in Sect. 2.6.

Based on the groundwork done in this paper, future work prospects are as follows:

e Assess for each stakeholder, how they value the product at each stage of the life-
cycle, and how that value can be added during the product process.

e What all different areas of business competence does a Lean Software Enterprise
model should address at each level of organization? Some typical cross-functional
elements are portfolio management and software product lines.

e Which particular realizations of different Lean Software Enterprises require
business- and technology-specific implementations? For instance, Lean Cloud
Software Enterprises strive for defining their product / service value based on the
cloud computing models.

In all, a key element of Lean Thinking is “seeing the whole”. This should be
applied to the research work, too. This paper is a provisional attempt to analyze and
direct Lean Software Enterprise research and development in totality. Further work in
basic research (e.g., systematic literature reviews on existing models in different
disciplines) will strengthen the comprehensiveness on the one hand, and industrial
applied research (e.g., focus groups) validate the relevance and bring evidence on the
other hand.
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Abstract. The main concern of the software industry is to deliver more
products in shorter time-cycles to customers with an acceptable economic
justification. In virtue of these concerns, the software industry and re-
searchers in the field of software engineering have engaged in the process
of adopting lean principles. In this paper, we are seeking the knowledge
that could help us better understand the nature of flows in software de-
velopment. We define a generalized concept of the value creation points
and an axiomatic system that capture the specifics of software devel-
opment. Further, a generalized definition of the flow makes it possible
to identify super-classes of waste sources. Finally, we define a concept
of decision flow, suggesting what a value creation point could be in the
software development context. The decision flow is an inseparable part of
the software development activities and it carries capabilities of adding
or diminishing the value of products.

Keywords: Lean Software Development, Flow, Value Creation Points.

1 Introduction

The main concern of the software industry is to deliver more products (features)
in shorter time-cycles to customers with an acceptable economic justification.
In virtue of these concerns, the software industry and researchers in the field
of software engineering have engaged in the process of adopting lean principles.
Lean ideas initially emerged in the manufacturing industry (i.e. the automotive
industry). The fundamental idea of lean is to organize production as a series
of flows, where the flows are maintained in a such a way that enables continu-
ous value creation to customers through constant motion of work products and
activities in the flow. But, what is flowing in lean software development?

Lean software development is mainstreamed with an interpretation of lean
thinking [1I2] led by Poppendieck’s [3l4] work in this topic. The interpretation
takes a view on software development from the lean (manufacturing) angle. Such
an interpretation proved to have its merits, as demonstrated with numerous
examples [3/4]. However, we argue that the answer to our question from that
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point of view is too mechanical and it blurs the true nature of the software
development process.

Therefore, we believe that an interpretation based on an opposite view—a
view on lean thinking from the software development angle—could contribute to
a better understanding of what flowing in lean software development is.

This paper is a quest for knowledge that could help us understand the nature
of flows in software development. At first, we will characterize the differences
between the manufacturing and the software industries (Section 21I), and re-
view the principles of lean thinking (Section 2Z2)). In order to understand basic
principles of the flow, we will define a generalized concept of value creation
points (Section B]), and a system of three axioms that captures the specifics
of software development (Section B2). In Section B3] we will describe how the
generalized definition of the flow made it possible to identify two super-classes
of waste sources. Finally, we give a suggestion of what a value creation point
could be in the software development context (Section Hl). In Section Bl we state
our final remarks and formulate an answer to the title question.

2 Lean and the Software Industry

Agile thinking became popular in the early 2000s, officially announced in the
Agile Manifesto [5]. However, discussions about software development and lean
thinking started as early as the 1990s [67I8], well before the Agile Manifesto.

The idea of lean in the software industry was mainly promoted by the Agile
community, which is not surprising given that agile and lean philosophies have
numerous compatibilities and key agile principles are based on lean thinking.
The lean community could be considered as process-oriented, focused on large
corporations developing really large systems, while the agile community is usu-
ally populated with smaller organizations [9]. Besides, while agile development
is mainly about how to develop software products in an ever changing world,
lean is mainly about how to make organizations deliver as much customer value
as possible [10]. Nowadays, there are a number of publications, most notably in
Lean Magazine [10l9], that share different lean and agile experiences and analyze
disagreement points.

In early discussions on lean and software development, the idea of perceiving
lean as a different view of software process improvement was articulated. One
of the early conferences on lean and software development was IPSS-FEurope In-
ternational Conference on Lean Software Development, Stuttgart, Germany in
1992 [6l[7]. The speakers@ of the conference shared a common perception of lean
software development, that it is aligned with the objectives of software process
improvement (e.g., CMM, TQM, ISO, Bootstrap). Even more explicitly, at that
time, Basili [§] made a comparison between different improvement/quality mod-
els including lean software development. Nowadays, we can see why software
process improvement was considered close to lean thinking, especially due to

! Mainly extended abstracts with presentation handouts are available in printed form.
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the concept of higher maturity. In CMM [II] (Capability Maturity Model) (cur-
rent version CMMI [12]), the higher maturity levels (L4&L5) are dealing with
software process variation and quantitative process management. The main goal
is to shrink the process variation, also known as the voice of process (VOP),
“inside” the voice of customer (VOC). From the lean thinking perspective, the
ability to reduce VOP is a source of value. The main strategies for achieving
this are implementation of quantitative management methods (CMMI L4) and
optimization of the software process (CMMI L5).

2.1 Manufacturing vs. the Software Industry

The lean paradigm [I3] has a holistic view of business, organization, operations,
and people, and it is not an exclusive operational-level thinking. The paradigm
was one of the main success drivers of the Japanese industry after the World
War II [I3]. Unfortunately, applicability of the lean paradigm in software de-
velopment is not that obvious. Let us characterize a few distinguishing points
between traditional manufacturing and the software industry. The characteriza-
tion represents an illustration of two extreme positions. However, in reality, the
process can have these extreme forms, but more often it is a combination and
variation of the forms somewhere in between these two extremes (e.g., embed
systems).

In the traditional manufacturing industry, the end product is a result of care-
fully planned sequences of actions mainly done by automated machines (pre-
programmed robots), though, human presence is required to service or operate
these machines. The quality of the end product is mainly dictated by the level of
sophistication and precision of the tools (machines) to meet the desired specifica-
tion tolerance. Tolerance requirements are specified with physical measures (e.g.,
dimensions, weight, speed, and consumptions). Therefore, the entire concept of
quality can be based on the selection principle. For example, by measuring each
unit /part and determining if it is within acceptable tolerance limits it is possible
to select products of first-class quality.

On the other hand, in the software industry, the entire product creation pro-
cess fabricates a single copy of a software product, and it is therefore not possible
to employ the concept of quality as a selection principle (we do not have a large
quantity of end products from where we can select good ones). Furthermore, it is
not possible to specify physical measures for a software product, which makes it
even more challenging to specify product requirements. Because of these signifi-
cant differences, the focus has shifted to a process that produces a single copy of
a software product. Finally, the software process employs people to create work
products while tools are used to service the people. In such a process settings
the creativity of people is a dominant factor.

Traditional manufacturing can be organized according to the lean paradigm
[13] and it addresses a completely different setting to the software industry.
However, the products that are fabricated in factories have to be designed
or prototyped. Toyota [14] was among the first to use the lean paradigm for
that purpose—Ilean product development. New product development is a much
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closer setting to software product development than to traditional manufactur-
ing. Reinertsen [I5] characterized the product development process as a decision
intensive process. Unlike manufacturing, where “front-loaded” decisions are pos-
sible [I5] p.38], the product development environments, such as software devel-
opment, are continuously feeding-in new information that require new decisions.

The concept of a front-loaded product development process [16] (slightly differs
from front-loading decisions), advocates the use of the best resources up-front
on concurrent feasibility projects in order to explore alternatives and to gain
knowledge. This is an effective way of reducing alternatives, and reaching the
point where a major decisions can be made (e.g., architectural decisions). How-
ever, according to Morgan and Liker [16], this approach gives the best results
with deriative product built on existing product platformsd. However, in cases
of revolutionary new products that represent radically different products or tech-
nology, for example, the approach is not so effective [16], and such cases are not
uncommon in the software industry.

2.2 Lean Principles of Value, Flow, and Waste

Lean or lean thinking is the English name that western researchers (researches
from the Massachusetts Institute of Technology) used to describe the system
of organization created by Toyota in Japan (now known as the Toyota Way
but originally called the Respect for Humanity System). Originally, the Toyota
culture was based on two main pillars: continuous improvement and respect
for people [I7T]. Although there are direct consequences of this thinking, value
and waste were not originally the focuses of the paradigm. When later it was
interpreted from a western point of view, influenced by the existing western
social-economical system, value became a key component of lean thinking [13].

The starting point for the lean transformation is a defining value [1], which
can only be defined by the ultimate customer and is only useful in the context
of a specific product. Value is created by any activity in any point of the process
that the actual customer is ready to pay for. It can also be seen as the opposite
of waste, which essentially means any activity that takes up resources, but does
not produce value. The original seven forms of waste identified by Taiichi Ohno,
the founder of the Toyota Production System (TPS) [14/18], were overproduc-
tion, unnecessary transportation, inventory, motion, defects, over-processing and
waiting.

In an effective process the product should flow from one value creating activity
to another, avoiding the wasteful activities in between. Flow means minimizing
the amount of time that any work item is sitting idle, waiting for someone to
work on it. If a customer request waits in a queue to be approved, analyzed,

2 Morgan and Liker [16] identified four broad categories of new product development:
(1) Revolutionary new products that represent radically different products or tech-
nology, (2) Product platform-development projects that require fundamentally new
systems and components, (3) Derivative products built on existing product plat-
forms, and (4) Incremental product improvements.
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implemented, reworked or tested, then it is not flowing. A key aspect of a lean
value stream is the simplification of information flowing within the stream [14].
Both the external information from the customer and the information generated
internally, which is needed to complete the work, have to be considered.

The introduction of flow should ideally lead to continuous single-piece flow,
where the target of value addition is passed on from one machine, operator or
actor to another without any queues or waiting in between [I]. In production, this
would require minimizing or removing all set-up times to instantly convert from
one product specification to the next [I]. In a product or software development
context, the removal of set-up times could be identified as the removal of the
need for context change within the designers’ heads. Achieving this is difficult,
as a development organization requires different skills and iterative movement
of information between actors. Indeed, Takeuchi and Nonaka [I9] have already
identified and illustrated this difference with a relay run and the advance of a
rugby team, the latter being the preferred option for a product development
organization.

When value is specified, value streams are identified, waste generating steps
can be removed, and flow can be introduced. Flow is a perfection challenge for
continuously identifying value and eliminating waste.

3 Foundations of the Lean Software Development Flow

The software process is vastly dependent on the human-factor, which we will
refer to as actors. Actors are not only programmers, developers and designers,
but also, customers, managers, and business owners. We can identify actors as
stakeholders, and use the term stakeholders interchangeably with actors.

In order to understand how lean principles can be interpreted in the soft-
ware development context, we will first define the generalized concept of a value
creation point.

3.1 The Concept of Value Creation Points

If we want to maximize the value creation in a flow by utilizing value stream
mapping techniques [20] then we should first identify the value creation points
in the flow. The value creation point (VCP) is the moment and place where the
value is injected, added or created.

In manufacturing, the value creation points are so obvious that there is no
need for an explicit definition. Actually, the entire production flow is based on
transforming materials to an end-product, for a known customer, where each
transformation step is naturally a VCP. For example, cutting a piece of wood
according to specifications is adding value to the material, because it transforms
a raw material into the leg of a future chair. The entire manufacturing process is
transparent (visible and tangible) and therefore controllable. However, in soft-
ware development, the true production process is a cognitive process, and as
such is intangible and difficult to control.
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In the following section we will present an axiomatic system that uses a gen-
eralized definition of VCP for defining the flow.

3.2 Axioms of the Lean Software Development Flow

The axiomatic statements defined here are relevant for any process that uses
the creativity of actors for constructing an end-product, such as in the software
development process.

Axioms are a convenient way of formulating and making some trivial and
obvious facts explicit, and as such they are not meant to be proved. They are
either accepted by the community and used for building theories or they are not
accepted.

Axiom 1. (Source of value): The verified knowledge of actors through their
own experiences, and the ability of actors to apply it creatively to real-world
problems is an intangible source of value.

Axiom 2. (The flow): The flow has to interconnect points of value creation
(VCPs) in time and space.

Axiom 3. (Feedback): The definition and realization of the flow has to sup-
port Axiom 1; the flow has to enable actors to gain new experiences and
knowledge.

The main difficulty in understanding the software process is the misunderstand-
ing of the role and purpose of actors in the process. The actors can be both
the weakest link and the most valuable asset of the process at the same time.
It is necessary to reconsider the roles and purposes of the actors in lean terms.
Therefore, Axiom 1 clarifies the position of actors in the software process by an
explicit acknowledgment of the existence of the intangible source of value.

Axiom 2 specifies the most important characteristic of the flow. If the flow does
not interconnect the value creation points then it is impossible to perform value
stream mapping and maximization of the value, and consequently identification
and minimization of the waste. The time component of the flow addresses the
importance of the flow dynamics (“flowing of the flow”). When we say space,
we refer to an organization as a whole, and the points of value creation are
distributed throughout the entire organization at different levels.

Learning is the most natural way of expanding knowledge and the experience
base, which occurs after engaging actors with real-world problems when they
realize the effects of engagement through feedback (Axiom 3).

Here, we presented the axiomatic system of three axioms that capture the
most distinguishing characteristics of the software process and package them in
a suitable form for further discussions on lean software development flow.

3.3 Super-Classes of Waste Sources

Thinking about the flow as a collection of interconnected VCPs also helps us
to understand the sources of waste. We can identify two super-classes of waste
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sources: (1) interconnections of the VCPs, and (2) inability to inject value in a
VCP.

For example, in lean manufacturing, Taiichi Ohno [I4] defined seven types of
waste. According to our classification of the sources of the waste, transportation,
motion, inventory, and delays are the consequence of the interconnections of
the VCPs, while overproduction, extra processing steps, and defects are the
consequence of the inability to inject value in a VCP.

The generalized definition of value creation points, axiomatic system, and
super-classes of waste sources are the abstractions of the fundamental principals
that are used to define any lean product development flow. At the same time,
the axiomatic system offers a flexibility for further research on exploring what
a VCP is in the software development context. The only constraint is that a
definition of the VCP should not contradict the axioms, and all concepts should
be a logical consequence of axioms and previously derived concepts.

In the following section we will give one possible definition of VCP in the
software development context.

4 Decision Points as the Value Creation Points

We consider decision-making as an inseparable process of knowledge and expe-
rience codification or transformation activities during a software development
process. During the decision-making process, an actor evaluates and examines
rationales of a decision. The entire process uses an actor’s domain-specific knowl-
edge, experiences, and understanding of the real-world problem or situation (Fig-
ure[I], (C)). By its characteristic, this process is a belief reasoning or abduction
[21].

Unfortunately, the common understanding is that decision-making is an ex-
clusive right of managers and business owners. In reality, there are different kinds
of decisions which are made by different groups of actors. Decisions can be ez-
plicit or implicit. For example, decisions made by managers and business owners
are explicit. However, developers are also faced with numerous situations that
require decision-making. These decisions are not always explicit, sometimes they
could remain hidden in the development process.

However, despite the risk of being misunderstood and this being interpreted
as a managerial view of the software process, we will use the term decision-
making and not abduction or belief reasoning. The main reason for this is that
our understanding that people who are making decisions have a responsibility
for the consequences of the decisions, while in the case of abduction, this kind
of the responsibility is not conceded.

The definition of VCP as the decision point supports Axioms 1 and 3 in the
following way:

— Actors have to use their knowledge and experience (source of value, Axiom
1) in order to make decision which will have a consequential effect on product
creation.
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— The decision-making process embeds the first feedback loop ( Figure[ll (E)),
which represents learning through belief reasoning (supports Axiom 3).

— The main feedback loop (Figure [l (D)) represents learning from the conse-
quences of the decisions. The purpose of decision-making is to achieve the
desired effects (results), and when end-results become visible, actors are in
position to analyze the quality of their decisions (supports Axiom 3).

The decision point (decision process) takes place in a certain moment and
place or point. We cannot ignore the fact that decision-making is a continu-
ous process that takes place in software development. Therefore, the question
of the “granularity” of decisions is important. For example, a few managerial
decisions (coarse granularity) made in project gates or milestones are probably
not enough to impact and control value creation points (implicit decisions) be-
tween the gates. On the other hand, too many decisions (fine granularity) will
lead to an explosion in the number of decision points, and those decisions will be
trivial. Thus, the value injection will be minimal. The right level of granularity
is somewhere in between.

Having defined decision points as VCPs, and according to Axiom 2, we can
characterize the flow as the decision flow, and, it is conceivable to perceive a
software product as a result of numerous interrelated decisions made in certain
moments and places by different actors during the software development process.

4.1 Decision Flow

The software development process can be seen as a sequence of interconnected
activities, where each activity requires resources (e.g., actors who are performing
the activity, tools used for constructing a product, etc.). Such organization of
the software process is commonly called a work flow (Figure[ (A)). On top of
the work flow, different software development approaches can be defined with
the purpose of achieving more effective organization of the activities. One way
to organize activities is to group them in strict phases, which would follow in a
sequence or waterfall. Other approaches could be iterative or agile-like (Figure[I]).

Development approaches (ways how to organize development activities) could
help in providing better exposure of the value creation activates, but the ability
of the software process to inject (add) value is an inherent characteristic of the
process itself and it is not something that is exclusively added by the development
approach. Therefore, our view is that a decision flow (Figure[l] (B)) is actually
behind the work flow and not on the top of it.

According to Axiom 2, the decision flow connects decision points (VCPs) in
time and space. Figure [lrepresent a schematic simplification of the software pro-
cess. The decision flow is in reality an entire web of interconnected implicit and
explicit decisions. Unfortunately, the problem of the considerably high number
of decision points does not allow explicit mappings between the decision flow
and the work flow.

Although the conclusion could be that the explicit or more formal decision-
making is the key to success, we advise to not use a heavy decision-making
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theory, which could become the main ballast of a software development process.
Therefore, the purpose of the existing and new-coming software development
approaches is to enable and encourage decision-making by all actors in a natural
way as a part of their activities.

4.2 Some Sources of the Waste in Software Development

The super-classes of the waste defined in Section [3.3] when used for the decision
flow, unveil some new sources of the waste.

Avoiding decision-making We associate this waste with the inability to inject
value in a VCP. If there are no decisions made (as we defined in Section[]) there
will be no adequate transformation of knowledge to the software product or
process. The reasons for decision avoidance could vary from organizational issues
(actors are not empowered enough) to individual psychological characteristics of
the actors.

Limited access to information. In order to make decisions, actors need to have
access to the relevant information sources. If they have limited access to the
relevant information, they could even make harmful decisions. For example, a
product development team could discard some key product requirements (the
requirements that can sell a product), due to the pressure created by time to the
market deadline. Actually, limited access to information is about the existence
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of or having information at all, which is a different situation from the case when
the information is available but it is distorted.

Noise or information distortion. Interconnections of the VCP can cause distor-
tions in the information in time and space. The time distortion occurs when
information is forgotten, not recorded, or is not updated. The space distortion
occurs because actors are distributed across different levels or units of an orga-
nization, and they represent different contexts and sub-contexts. For example,
when an engineer from an operational level communicates information to the
manager at an upper-level, the information will be “passed” from one context
(engineer) to another (manager). Passing through contexts can have distortion
effects due to the interpretation of the information in different contexts.

Uncertainty. We could differentiate several types of uncertainty, like informa-
tion quality (accuracy), prediction uncertainty, or the uncertainty of decision
assumptions. But, for all of them a common point is that a variable or a choice
can have multiple possible values or options. The increased number of possible
values or options increases the level of uncertainty.

Definition of the VCP as decision points has a logical reasoning, as we elab-
orated here, and it is maintaining consistence (the axioms are not contradicting
each others) and completeness (there are no new concepts created that are not
a logical consequence of the axioms) of the axiomatic system.

People, knowledge creation and utilization, and decision-making are closely
related. If the people are not respected, the quality of decisions and the level of
knowledge creation/utilization will certainly be poor.

Our employment of decision-making for exposing characteristics of the soft-
ware process and the Agile principle of postponing decisions as late as possible
could be seen as contradicting each other, but they do not. The flow is supposed
to interconnect value creation points in time and space (Axiom 2). The time
means that decisions should occur in the right moment not before and not after.
A legitimate question is: what is the right moment? Ballard points out that the
decision postponing principle comes from lean [22], and that it means the point
beyond which deferring a decisions affects other decisions causing rework. So
bring decisions forward, before the point at which failing to make the decision
eliminates an alternative. Unfortunately, we do not have evidence to claim that
this is the best possible answer.

5 Discussions and Conclusion

A reader could get the wrong impression that the axiomatic system (Section
B2) is favoring individualism and neglects organizational aspects and structure.
Actually, we see the establishment of organizational structures and the insti-
tutionalization of processes as a consequence of lean thinking—mazximize value
and minimize waste. For example, we identified limited access to information
as one source of waste, and in order to minimize it, it is necessary to establish
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an organizational “space” for knowledge and information sharing and a learning
culture (similarly as suggested by [21]).

Furthermore, the concept of software process improvement can be utilized for
minimizing different types of waste and maximizing value. The process maturity
framework (originating from Humphrey’s work [23]) is constructed in a way that
helps an organization improve their prediction capabilities when climbing on the
maturity scale. Improving prediction capabilities through the institutionalization
of software processes at the same time minimizes uncertainty, which is exactly
one of the waste sources.

The first axiom (Section [3:2)), that we proposed, specifies the source of value,
but it does not define the value itself. In order to better understand the value
in the software development context, we will refer to value-based software engi-
neering (VBSE) [24]. Boehm [24] introduced the seven key elements as the foun-
dation of value-based software engineering. The VBSE framework illustrates the
complexity of tasks, which are not trivial, and that are required in order to un-
derstand the value in the software development context. All those tasks require
participation of different actors (stakeholders) across an entire organization and
beyond the organization (customers). Only, these actors can utilize their knowl-
edge and experience to make decisions that they believe to be aligned with their
understandings of the value.

The complexity and difficulty of defining a value in the software engineer-
ing context poses a serious challenge for the software metrics and measurement
practices. Boehm and Sullivan [25] noted that the measurement of the value as
a scalar quantity is rather difficult, if not impossible. This challenge has a pro-
found implication on lean metrics in a software engineering context. Without the
ability to measure true value (usually only one aspect—financial—is quantified),
an interpretation of the lean metrics will be incomplete (same applies for the
waste) by failing to answer the fundamental question—is value maximized and
waste minimized? Our concern for metrics is related to the decision flow. Proper
metrics are a powerful aid to the decision making process (value creation points),
and also metrics have the ability to provide shared understanding among actors.

We see that a true legacy of lean thinking, which could be a valuable contri-
bution to software engineering, is a holistic view of different elements: people,
resources, processes, business, which are all part of a single construct, where, the
existence of each element is constrained by its purpose.

Our objective was to clarify the nature of the lean software development flow.
In order to achieve the objective, we accentuated the role and purpose of actors
(people) with explicit statements—axioms. The axioms could be conveniently
used for exploring and perceiving related phenomena in the software develop-
ment context from a human-centric perspective and not from a mechanistic
perspective.

What is flowing in lean software development? The nature and diversity
of decisions that are scattered throughout an organization prevent a clear picture
and an understanding of the flows in software development.
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We are not suggesting that a decision flow is the software development flow,
but, rather, that it is an inseparable part of the software development activities
and it carries capabilities of adding or diminishing value of the software prod-
uct or process. Therefore, the existing and new-coming software development
approaches should enable and encourage decision-making by all actors in a nat-
ural way as a part of their activities, while decisions have to be synchronized
with a common purpose. In virtue of these needs, we see that further research
should focus on metrics and measurement practices in lean software develop-
ment, particularly exploring methods and approaches that could be used for
analyzing value (qualitatively and quantitatively) in the software development
context, e.g., business goal-oriented measurement approaches (see [26]) that have
the ability to analyze and capture value.
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Abstract. Useless actions and work in software development projects
do not increase the value for the customer. While getting rid of such waste
may sound simple, even recognizing the waste is considered a challenging
issue. Once recognized with its causes, projects are more aware of the
signs of waste: the pitfalls are avoidable by knowing their reasons. On
the other hand, self-organization and empowering the teams emerge in a
modern Kanban-driven software development project. This makes it rele-
vant to ask whether sacrificing project resources for leadership adds any
value. Hence, this paper conducts a quasi-controlled experiment with
two leadership settings in order to find out differences between waste,
its causes and effects. The results from the empirical analysis show that
waste is present in each project but the amount and significance of waste
can be reduced with the right leadership even in self-organized teams of
Kanban projects.

Keywords: Kanban, leadership, lean software development, manage-
ment, software process improvement.

1 Introduction

The software industry is constantly searching for new solutions to existing prob-
lems [I2]. The goals of improvement initiatives range from resolving time-to-
market delay to increasing productivity and reducing operation costs. Applying
Lean production principles to software development [2223] is one of the newest
fashions in the software industry. A key trait in this trend is eliminating all kinds
of waste from the development. Consequently, similar ideas for waste removal
have been proposed to be adopted for software product development [22].

One of the Lean tools is the Kanban way of managing production operations
[18]. Kanban has been applied to software production as a project management
process model [0]. It has similarities with and differences to the well-established
Scrum method in Agile software development [16].

Our research interests are related to Kanban because of its striving to mini-
mize non-value-adding activities, such as extra processes. Despite this advantage
of Kanban, its relation to waste is an area of study that has not received much
attention. Regarding the self-organizing team principle, a relevant question in
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order to improve project performance is, whether leadership is still necessary.
Therefore, this paper explores how the differences of the leadership style affect
waste in Kanban-driven software development projects. The study presents a re-
search model and employs a quasi-controlled experiment research approach [27].
The empirical evaluation is performed based on two Kanban-driven software en-
gineering projects. Altogether, this research endeavor thus suggests practical as
well as methodological implications by finding out the need for leadership. The
results from the empirical analysis show that waste is present in each project but
the amount and significance of waste can be reduced with the right leadership
even in self-organized teams of Kanban projects.

The rest of this paper is structured as follows. Section [2] outlines the related
conceptual background and presents the research model used in the experiment.
Section[Blthen describes the empirical research design by introducing the research
environment, case projects, and research methods with their evaluation criteria.
Section M] presents the results, followed by elaborative discussion in Section [l
Finally, Section [0l draws the final conclusions.

2 Background

2.1 Waste in Software Engineering Projects

Lean thinking determines waste is basically everything that does not add to the
customer value of the products [22]. Generally, the following three basic cate-
gories of waste-related elements are: (1) non-value-adding activities (NVA), (2)
variations (in process quality, cost, delivery), and (3) unreasonableness (overbur-
den). Recognizing waste is one of the most important Lean principles [22]. By
applying this principle in software development, such elements can be considered
as follows.

Functioning and ability to solve business problems of partially done work (in-
ventory) cannot be known until integrated into the software environment. Extra
processes (NVA), such as unnecessary paperwork, do not add any value but
rather consume resources. Resources are also consumed by extra features (over-
production) since they have to be tracked, compiled, integrated, tested, and
debugged. Task switching, such as bouncing between multiple tasks or issues,
takes time because of re-orientation. Waiting (NVA) does not add value either.
Motion (NVA) means inappropriate distance to other developers as well as mov-
ing of information and knowledge. Finally, small defects discovered after weeks
are more time-consuming than a major defect detected in a minute [22].

2.2 Kanban Process Model and Leadership

The Kanban process model is one of the key operation management tools in Lean
manufacturing [I8]. In general, it has three rules: (1) visualize the workflow, (2)
limit work in progress (WIP) at each workflow state, and (3) measure the cycle
time (i.e., average time to complete one item) [16]. Kanban-driven operations
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enable to keep the amount of inventories (simultaneous WIP) under control and
to balance the overall production flow.

Kanban does not intervene in leadership despite its importance. It is argued
that without leadership, even a capable staff head cannot reach goals well enough
[17/26]. The lack of a clear authority structure in software development is both
a cause of chaos and freedom [13].

Leadership, in general, means the pattern of behavior leaders use to influence
others as well as perceived by those being influenced, and can be divided into
two basic categories: directive and supportive behavior [3].

This study focuses on the former one which, according to Blanchard, is de-
fined as follows: “Directive behavior concentrates on what and how. It involves
telling and showing people what to do, how to do it, when to do it; monitoring
performance; and providing frequent feedback on results.” [3]

2.3 Research Model

This study extends the preliminary research model [11I] by tracking the effects
and causes of the waste. In other words, the current research model (Fig. [I)
focuses on three steps: (1) waste noted in the case projects (i.e., the waste cate-
gories from A to F), (2) the effects, i.e., why was it considered to be waste, and
(3) the reasons why this waste occurred. This approach enables the comparison
of the effects of different leadership styles on waste between the case projects.

Principles Eliminating
of Lean waste
Software

Development

The element SEEING

of the interest WASTE

in this study

The waste A. B. C. D. E. F. G.
categories Partially Extra Extra Task Waiting Motion Defects

done work processes features switching

S S S S S S TR

analysis Step 1: Recognize the waste
Step 2: Determine why is it problem in the projects
Step 3: Find out the reasons why did it occur
Answering

the research
question Differences caused by a different leadership style

Fig. 1. Our research model including the seven kinds of waste suggested by [22]
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3 Empirical Research Design

3.1 Software Factory Research Environment

The Software Factor enables software engineering research setting at the Uni-
versity of Helsinki [I]. It is an advanced R&D laboratory environment for con-
ducting software projects. The concept comprises the physical laboratory en-
vironment coupled with an operational model from the empirical research per-
spective. The entrepreneurial aim is to conduct business-driven software devel-
opment projects for creating new product prototypes and even commercializing
them (possibly with spin-offs). This can be utilized as a research platform.

3.2 Case Projects

The proposed cases were two Kanban-based software development projects with
controlled variability, something extremely difficult in a business environment.
Table [Il presents the variables set as constants for the experiment.

Table 1. The variables set as constants for the quasi-controlled experiment

Project duration seven weeks

Process model Kanban

‘Working time six hours per day, four or five days per week
Participants’ education Computer Science background

Business life threats eliminated

(e.g., budget pressures

or being fired)

Customer type representatives obligated to commit themselves with time and interaction

Customer experience experienced technically and in the customer role of software development
projects

Product to be produced product or prototype for real commercial use

Product size reasonable, must be fitted within seven weeks

Team management self-organized

Team size between nine and thirteen members

Support IT support and external technical consultant without charge

In addition to technical knowledge, each team member had experience in
working in a team-based environment. Besides the use of Kanban, no other
particular development method was insisted upon. The teams had close to full
control within the R&D setting to decide upon the practices used. As a result,
both projects chose to use Ruby on Rails (open-source web framework) and to
start writing code after a one-week learning session. The observation during the
projects and the interviews after the projects verified that the setting of the
variables remained except the working time which varied slightly, particularly in

! «Software Factory’ here means a different concept than existed in the early soft-
ware factory organizations of the late 1960s and the current software development
framework models. The first software factories focused on software production in
manufacturing-like systematic ways with CASE tools and component reuse [7]. Some
modern software engineering application frameworks have also coined the term “fac-
tory” [8]. However, the Software Factory is able to host such facets as well.
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project #2. Some members worked longer days while the others worked shorter
ones.

More experienced members (called seniors) took responsibility for designs.
They also assisted less experienced members (juniors) in technical and practical
issues and gave useful advice. In short, the project teams were self-organized.

The team leaders of both projects used directive leadership. Due to the quasi-
controlled experiment, the difference was their focus. Leadership in project #1
also focused on process-related issues, such as requiring the team to follow the
shared coding style and other rules given. Leadership in project #2, instead,
focused only on task-related concerns, such as guiding technically how to do
things. The observation during the projects and the interviews after the projects
verified that the team leaders really used the focuses set for the experiment.

Both projects had experience in project management, i.e., project #1 did not
have a more favorable base than did project #2. This setting enabled us to find
out differences in waste between the projects. In other words, the question was,
in addition to finding waste, its causes and effects, what are the outcomes of
waste in Kanban projects with different leadership settings.

3.3 Research Methods and Evaluation Criteria

Three methods were used for collecting data from the case projects. As Parnas
and Curtis [20] state, this approach enabled a more objective view for the analysis
than a single method (e.g., interview only).

First, a pre-test questionnaire was used to explore the team members’ ex-
periences and skills. While this information was secondary, it provided useful
background information to understand the group dynamics and teams’ compe-
tence. At the end of the projects, the final questionnaire measured the overall
project success based on the first and the second dimension of Shenhar’s model
of project success [24]: (1) project efficiency (meeting schedule (PE-1) and bud-
get) and (2) impact on the customer (meeting functional performance (IC-1),
meeting technical specifications (IC-2), fulfilling customer needs (IC-3), solving
a customer’s problem, the actual use of the product by the customer, and cus-
tomer satisfaction (IC-4)). The codes in the parentheses, e.g., PE-1, refer to the
scores of the selected items presented in Table [l These items were chosen due
to their relevancy in the sense of project content and waste. Both the teams and
their customers evaluated the relevant items of the two dimensions.

Second, the author performed a one-week intensive observation session in the
Factory in order to study the progress, attitudes, best practices, and waste.
During the session, presumptions and perceptions were born which were then
validated in the interview session by asking the interviewees whether they agreed.

Third, the most informative one, the semi-structured interview method [21]
was performed for collecting data right after the projects ended. Open-ended
questions and the semi-structured theme interview technique were used. The
questions related to waste were raised in the projects. The framework illustrated
in Fig. [[l was applied by generating questions regarding the waste issues under
the seven element categories (from A to G). The points of interests in each
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category were to (1) recognize the waste, (2) track its effects, and (3) find out
why it occurred.

Due to a possibility that the interviewees were not familiar with the term
'waste’ in the sense of Lean thinking, we used a more familiar way: Regarding
waste category B, for example, the interviewees were asked to determine unnec-
essary work in their project. If they did not find any, we asked them what work
should had been cut out of the project in order to reach better results, more ef-
ficient progress or time-saving. In this way, waste was finally found. Meanwhile,
it became quite obvious whether this waste was a big deal at all. Once found, we
asked why it occurred and what the consequences were in terms of time losses
or invaluable work.

A total of nine persons from the teams of nine and thirteen were selected for
the interviews so that they represented comprehensively the three different roles:
juniors, seniors, and the team leaders. This is called a role-based sampling. Each
interview lasted about one hour. The interviews were recorded in audio and the
answers were categorized into the seven kinds of waste based on the research
model (Fig. [)).

4 Empirical Analysis

This section evaluates the case projects and presents waste with its effects and
causes that occurred in the projects (Section EI]). Moreover, the success of the
projects is presented (Section [£2).

4.1 Waste Found in the Kanban Projects

Instead of showing long answers from the interview session, tables from [2] to
present the relevant results of the empirical evaluation from the projects by waste
categories from A to G (Fig. [[). These results are a consequence of the study
strategy and combinations of the three data collection methods (Section B3). If
a member, for example, said that the retrospections were a waste of time, the
author did not believe it without some evidence but rather asked why they are a
waste of time. Hence, the tables present only such conceptions that the members
were able to justify.

Partially done work. Delays and being stuck with tasks may generate partially
done work as they did in project #2 (Table[2]). Moreover, this waste can generate
another kind of waste: task switching which, in its turn, slowed down the progress
(project #2). However, project #1 demonstrated that partially done work may
sometimes be appropriate instead of strictly avoiding it.

Related to project #2, the waste presented could have been avoided with
the appropriate leadership by demanding that everyone carry out fewer tasks
at a time. In addition, by making the team follow the Kanban rule of measure-
ment, delays caused by unfinished tasks could have been avoided thanks to the
increased awareness of the work amount of the tasks.
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Table 2. Waste of partially done work (1), its effects (2) and causes (3)

Partially done work (waste A) in project #1

. Some tasks had to be suspended.

. Re-orientation to the suspended tasks was time-consuming.

. It turned out that completing some tasks needed other, yet unfinished tasks.

. The delayed accomplishment of a task prevented some other tasks being accomplished.

2. Members who were producing these tasks needed to be blocked, were forced to suspend them,
which created task switching (waste D) in addition to partially done work.

3. The work realization of the blocking task turned out multi-tenfold compared with its estimation.
Partially done work (waste A) in project #2

1. Tasks not finished for the customer demos delayed the schedule.

2. Production of these tasks continued after the demos at the expense of other tasks being finished.
3a. Work estimations were not done for the tasks since the team did not believe in making them
realistic.

3b. The realizations of the task durations were not measured either. Thereby, validating the reality
of potential estimations would not even have been possible.

1. Several tasks that related to different subjects were assigned simultaneously to one person, which
slowed down the progress.

2. Re-orientation to the partially done tasks, as well as task switching (waste D) generated, took
time after members were already focusing on new tasks.

3. Members were stuck with tasks and they decided to assign to other tasks.

=W N =

Extra processes. Showing straightforward in project #1 in Table Bl extra pro-
cesses could have been avoided by planning things in advance. Regarding project
#2, lack of interaction and communication in their different forms resulted in
many extra processes and even another kind of waste: waiting. More effective
leadership and stricter discipline inside the team could have eliminated these
kinds of waste reported in project #2.

Extra features. Despite the minor extra features reported in Tabled both teams
complied with the prioritization of the tasks well, which resulted from appropri-
ate leadership.

Task switching. The case of project #1 shows task switching (Table [ is an
option for waste of waiting. In project #2, the large WIP limits caused task
switching, which, in its turn, was closely relatedto partially done work. In both
projects, asking for help generated task switching. This kind of task switching
can be seen as an investment for a project: when juniors are helped, they learn so
they do not have to ask the same things again (project #2). Also, helping each
other solves blockages, thus keeps every member efficient, which is an advantage
for the project (project #1).

Regarding the leadership in the projects, the only improvement needed might
have been not to let members to ask for help any time and to establish particular
tutorial sessions for technical questions and requests for help. The effects of such
sessions cannot, however, be derived from this study since such data were not
gathered.

Waiting. While many kinds of waste of waiting were recognized (Table []), the
only team-caused issue was the attempt to design the things right the first time
(project #2). Lean thinking resists this approach. An appropriate leadership
could have helped the team to proceed faster without too detailed designs.
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Table 3. Waste of extra processes (1), its effects (2) and causes (3)

Extra processes (waste B) in project #1

1. The processes of Code Review and Quality Assurance were useless in tiny tasks.

2. Unnecessary work does not increase the customer-value.

3. The Kanban board contained the current columns so these operations were done for each task.
1. The first retrospections contained redundancy and took nearly a complete workday from the whole
team.

2. Long sessions are exhausting and time-consuming.

3. The content of the retrospections were not prepared well enough.

Extra processes (waste B) in project #2

1. Lack of interaction between the team and the customer generated unnecessary (extra) work.

2. The team had to produce some tasks all over again.

3. After having the first requirements from the customer, the team focused fully on production
without ensuring that there were no misunderstandings from the customer. These misunderstandings,
however, had occurred, which was not discovered before the next customer demo (i.e., time had
been wasted because of the misunderstandings, which could have been corrected with more active
interaction with the customer).

1. Absences, which were not announced, generated unnecessary work.

2. The rest of the team had to put efforts on deciding whether the task assignments and reservations
of the absentee should be declared free because the tasks are important.

3. Absentees may have been sick or absent for other reasons, or just late, which causes uncertainty
regarding declaring the tasks free.

1. Lack of sharing information generated unnecessary work and waiting (waste E).

2a. Some decisions were not based on facts due to the uncertainty.

2b. The team had to choose whether it should wait for potential latecomers to the meetings.

3a. Misunderstandings occurred due to insufficient communication.

3b. The customer was not willing or was not able to provide enough essential information regarding a
salient component (produced elsewhere), which generated misunderstandings regarding functionality.
3c. Some members did not inform the team about being late or absent. Hence, the others did not
know whether the assigned tasks should be re-assigned in order to complete the tasks quickly.

3d. Some members used an unfinished installation document by accident since the document was
not marked as unfinished. This led to erroneous installation, which caused unnecessary work.

Table 4. Waste of extra features (1), its effects (2) and causes (3)

Extra features (waste C) in project #1

1. A few unnecessary features were produced.

2. Unnecessary features do not add value for the customer and waste testing and debugging resources.
3. The customer representatives did not always know what they wanted, causing requirement changes.
Extra features (waste C) in project #2

1. A couple of low-priority (i.e., “nice-to-have” priority) features were produced even though there
were high-priority tasks in the backlog.

2. Producing, testing, and debugging of these features took resources.

3. Sometimes, all the high-priority tasks available were too complex for some members, thereby
driving them to choose low-priority tasks.

Motion. Only minor waste of motion regarding the projects related to commu-
nication (Table [7).

Defects. Some waste of defects (Table []) happened in project #2 because of
slow feedback. Moreover, there was hurriedness at the end of both projects. This
was shown particularly in project #2 due to its resources lost by the other waste
categories. In addition to shortening the feedback loop, an appropriate leadership
could have helped making the writing of tests obligatory.
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Table 5. Waste of task switching (1), its effects (2) and causes (3)

Task switching (waste D) in project #1

. Asking for help from others disrupted working.

. The advisors’ orientation to the problem and re-orientation back to their own tasks took time.

. Help was asked for in order to solve the problems.

. Code review generated task switching.

. Re-orientation took resources.

. Persons were not allowed to make code review for their own tasks, so they used waiting time by
doing other things.

Task switching (waste D) in project #2

1. Asking for help continuously disturbed the progress.

2. All senior members were frustrated about this problem. All of them agreed that asking for help
slowed down the project because it interrupted their work and re-orientation took time. Orientation
to the problems of persons asking for help took time as well. Spending time on this was time spent
away from the seniors’ own work.

3a. Juniors needed to ask for help. At worst a senior had to do the rest of a junior’s task.

3b. Some juniors liked to make sure they are doing things right and with quality. Unsystematic code
review increased asking for help since feedback from the code reviews was insufficient to guarantee
the quality and style of code. Moreover, the team did not have shared standards for coding.

3c. There were no rules for disrupting each other so they were allowed to ask for help at anytime.
1. Too high WIPs (Work-In-Progress) disturbed the progress of the project.

2. The “In Work” and “Code Review” columns on the Kanban board gathered many task tickets,
which increased task switching, which, on its part, increased the time consumed for re-orientation.
3. At the beginning, WIPs for the “In Work” and “Code Review” columns were large, which tempted
members to start a new task and to leave code reviews regarding tasks done by others to later, which
led to this 'flood’ in the columns.

W - WN =

Table 6. Waste of waiting (1), its effects (2) and causes (3)

Waiting (waste E) in project #1

1. Waiting members busy with other things reduced concentration.

2. Doing a task and simultaneously keeping thoughts clear for the occupied person disturbs working.
3. Members needed to ask about things from each other but the others could have been occupied at
that moment so the askers had to wait.

1. The team had to wait for the customer.

2. Being on standby distracts from focus on work.

3. The customer was continually late for the customer demos .

1. The team had to wait for the headsets, ordered at the beginning of the project until the last weeks
of the project.

2. Without headsets, watching screen casts was not possible without disturbing others because of
audio. Learning and progressing, however, was slower without the screen casts.

3. Delivering the order was not supervised.

1. Hardware problems were solved within a day at worst.

2. Hardware problems disrupt work.

3. The I.T. support had limited resources for the project.

Waiting (waste E) in project #2

1. Making designs on too detailed a level slowed down the project.

2. When attempting to do things right the first time, everything must be foreseen and taken into
account, which takes huge resources of time. The team had to wait for detailed designs and could not
proceed without them. History has shown that original often plans have to change during projects.
3a. Despite spending a lot of time on foreseeing and consideration, the impossibility of designs may
not have been revealed before implementation.

3b. Juniors were not able to contribute to designs so they had to wait.

1. The team had to wait for the customer (similar to the notification from project #1).

1. Waiting members busy with other things reduced concentration.

2. Carrying out a task and simultaneously keeping thoughts clear for the occupied person disturbs
working.

3a. Members needed to ask about things from each other but the others could have been occupied
at that moment so the askers waited.

3b. Some members did not want to interrupt others when they saw that someone was focused on his
or her tasks.
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Table 7. Waste of motion (1), its effects (2) and causes (3)

Motion (waste F) in project #1

1. Two members did the same task by accident.

2. Duplicate work is unnecessary.

3. Communication was insufficient.

Motion (waste F) in project #2

1. At the beginning, all the communication between the team and the customer occurred via one
member.

2. Although a centralized communication model is helpful in gathering information, it generates
useless motion.

3. One of the members was assigned to take care of communication with the customer.

Table 8. Waste of defects (1), its effects (2) and causes (3)

Defects (waste G) in project #1

1. Despite the policy of Test-Driven Development, tests were not necessarily written before the code.
2a. Debugging is harder when the tests do not exist .

2b. Advantages of tests written after the code are harder to see and writing the tests may have been
forgotten.

3. Writing tests before the code was not obligatory.

1. During the last week of the project, hot-fixes had to be accepted without comprehensive testing.
2. Defects caused in debugging are hard to detect without testing.

3. The integration tests had been planned to be performed during the last week. Time resources,
however, were insufficient.

Defects (waste G) in project #2

1. Slow feedback caused a number of defects.

2. Not interfering in the incorrect development of a task before the task is completed, caused more
fixes than interfering with it at an early stage.

3a. Slow feedback was one of the most serious problems in the project.

3b. Juniors could not learn from their mistakes when they were implementing their tasks because of
the slow feedback.

1. There was no time to perform integration and stress testing.

2. Without comprehensive testing, bugs have a greater probability to creep into an end product.
3a. Time was running out because of other kinds of waste in the project.

3b. Some radical changes were done up until the end of the project. Due to time resources, these
changes could not be tested comprehensively.

4.2 Success of the Projects

Table [@ presents the results of the success evaluation for the projects.

Table 9. The project success scores evaluated by the team leaders, teams, and cus-
tomers using the Likert scale from 1 (totally disagree) to 5 (totally agree). The selected
items of the success dimensions used here are based on the project success mapping of
Shenhar et al. [24]. The project met the time goals completely (PE-1). The product
met the operational specifications completely (IC-1). The product met the technical
specifications completely (IC-2). The product fulfilled the customer needs (IC-3). The
product satisfied the customer (IC-4).

PE-1 I1C-1 1C-2 1C-3 1C-4
project team team team team team team customer customer
leader average leader average leader average
#1 5 4.2 5 4.2 5 3.9 5 5

#2 3 3.9 4 4.0 3 3.6 4 4
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Both the team leaders and the teams (including the team leader) evaluated
items PE-1, IC-1, and IC-2 while the customers evaluated items IC-3 and I1C-4.
According to the success viewpoint used, the results show that project #1 was
more successful than project #2.

5 Discussion

5.1 Findings

By taking into account the effects presented in the tables from 2 to B it can
be claimed with no doubt that waste found particularly in project #2 caused a
serious loss of time. This loss of time expressed itself mainly as actions considered
to be useless for the projects (e.g., the case of “making designs on too detailed
a level” in Table [B]) or as lack of actions (e.g., the case of “lack of sharing
information” in Table[3)). According to the project success evaluation (Table [d),
this finding shows the importance of leadership in Kanban projects. In practice,
the right leadership would have saved time by avoiding waste.

The results reveal one of the dual characteristics of Kanban: it allows working
without a formal project manager in order to avoid waste but insufficient direc-
tive leadership creates waste. In general, Jurison [I4] shows that leadership, one
of the critical success factors, is needed to keep the team focused throughout the
project. Conradi and Fuggetta [5] agree: improving processes cannot be forced
from the outside.

Using the seven categories of waste as the lenses for an analysis, it is likely
that most of them are apparent in any software development project. A difference
is the attempt to minimize the impact of existing waste. Even though Kanban
strives for reducing the NVA work, waste may still creep in despite effective
leadership as shown in the case of project #1.

In addition to this finding, the study explored causes and effects of the waste
by following the research model (Fig. [l) based on the seven kinds of waste
suggested by [22]. Avoiding waste brings value for customers since it saves time.
An early step in this value-adding operation is to recognize the indicators of
waste. The study recognized several sources of waste with their reasons and
demonstrated their consequences to the case projects.

While some waste is not avoidable with either style used in the experiment,
causes and damages of the waste differ with different leadership. As a conclusion,
the amount and significance of waste can be reduced with the right leadership
in self-organized teams of Kanban software development projects.

5.2 Validity of the Study

The study has conducted a research model based on best practices [22], i.e., some-
thing that we have a reason to believe might be true. In this case, we assumed
software development projects contain waste. Hence, we observed the case proj-
ects by being aware of what we are looking for. After this observation, with a
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widened understanding, the interview session was performed in order to vali-
date the observations made and, further, take another point of view to make
more findings. Parnas [20] prefers this type of experimental design because of its
higher practical value than an inadequate one-method design of studies.

Due to the numbers of constants set up for the experiment (Section B.2]), per-
forming it in an uncontrolled business environment would have questioned the
validity of the findings. While a new Lean trend in the business environment en-
courages not to eliminate variability [23], we were able to estimate the meanings
of causes and effects in our study more clearly without certain noise. L.e., the
variability was controlled.

The team size and complexity of the product being implemented, however,
varied between the projects. Except the matter of competence differences be-
tween the teams, waste that was found did not disrupt the comparison of the
teams. The fact that project #2 ignored some common rules is an example of
such a variable unrelated to the complexity and team size.

All the data are based on the perspectives and opinions of the team members
about success and waste, and on the author’s observations. Regardless, perspec-
tives and opinions without any evidence, as stated in the beginning of Section [l
were ignored. The findings are thereby based on the established perspectives and
opinions, not on the raw data itself.

We do not maintain that the findings are one-to-one with industry but rather
that, given specific circumstances, they indicate a trend explaining the project
success or failure when a particular set of indicators, including leadership, are
searched for. While measuring the damage of waste to the projects precisely
(e.g., losses in workdays) was out of the scope of the study, time losses caused
by waste were clearly evident.

Finally, the approach of the experimentation strategy used in this study has
been favored [I525] as well as validated [I0JI9] in the literature.

6 Conclusions

Recognizing waste and thereby minimizing its impact on projects can save re-
sources and accelerate lead-time. Thus, significant actionable opportunities can
be reached for practical use. According to the results of this study, waste can be
tracked in Kanban-based software development projects based on the research
model (Fig. [[l). This action enables finding out the causes and effects of the
waste. As a conclusion based on the quasi-controlled experiment, amount and
significance of waste can be reduced with the right leadership in self-organized
teams of Kanban software development projects.

An interesting issue is the problems detected beyond the waste. Lack of com-
munication, for example, is one of the most common reasons for having problems
in a project [24J6]. It is not, however, waste but rather a shortcoming. This
finding suggests that, in addition to waste, it is important to beware of such
insufficiencies in order to improve project performance.
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Abstract. Distributed software development teams are common-place today.
One good reason for distribution is the need to combine special skills or compe-
tencies from different locations. However, integrating skills flexibly is both a
technical and a communication challenge. Lean and agile projects depend on di-
rect communication. In this contribution, we investigate how agile teams can be
distributed by adding a “remote partner” — and still maintain agile advantages.
We analyze communication using the goal-question-metric paradigm (GQM)
and apply it to a programming project, part of which was distributed. We dis-
cuss our insights on the minimal set of additions (technical and organizational)
that are required to turn distributed while staying agile.

1 Introduction

Software development is a complex process. With the rise of new technologies,
frameworks, and new hardware like mobile phones, software development becomes
an even more complex challenge. Developers who are skilled in every aspect of soft-
ware development are rare. It is more common to build a team that consists of special-
ists. Each one of them focuses on one aspect and strengthens the whole team in that
area. Each aspect requires specific knowledge. Therefore, knowledge has become one
of the core values for an organization.

Some problems cannot be solved with the in-house capabilities of an organization
or an organizational unit. In this case another company or team can fill gaps in the
knowledge spectrum. Geographical distribution of the resulting team is a frequent
consequence. The setup of teams that cannot be co-located and their integration into a
common development process can turn into a major organizational nightmare. In a
traditional (e.g. waterfall) process, outsourcing and its variants demand their own
dedicated subprocess — which has to be managed. In the context of a lean organization
the additional bureaucracy for starting the distributed subprocess and for integrating
the new developers into the development team is considered waste. In order to stay
effective and lean, the coordination effort needs to be minimized.

2 Our Lab Setup

Carver et al. [1] discuss chances and challenges of using students in software engi-
neering experiments. Accordingly, it is difficult to study project variations in industry

P. Abrahamsson and N. Oza (Eds.): LESS 2010, LNBIP 65, pp. 994103, 2010.
© Springer-Verlag Berlin Heidelberg 2010
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settings: In an industrial setting, parallel work for the sake of understanding is too
expensive and rarely accepted by the developers/management. In addition, student
projects can be better instrumented, measured and investigated.

Therefore, we initiated the Global Software Engineering Lab (GloSE-Lab) as part
of our multi-site GloSE research project. In GloSE-Lab, master students from differ-
ent universities in Germany explore problems and possible solutions in a distributed
project environment. In this lab, we aim at evaluating research questions from indus-
try. In this case, we focus on evaluating setup costs for distributed software develop-
ment projects. We choose our eXtreme Programming course because a) this course is
designed to be as realistic as possible (as described in [2]) which enhances external
validity and because eXtreme Programming is very communication intensive. This
allows us to observe many communication situations. As shown by Poppendieck, XP
is also able to reduce the wastes in Software Development [3].

3 Goal-Question-Metric Approach for Measurement

We used the GQM method [4] to answer the following questions:

e Which additions are necessary to work in a distributed setting?
e  With these additions, is it possible to stay lean?.

Our goal is to understand the communication in distributed XP from the viewpoint of an
XP coach and the developers. The GQM method helps to systematically derive questions
from measurement goals, as well as baseline hypotheses about the expected outcome.

3.1 Questions and Hypotheses

Question I1: How much Coordination Overhead is needed in a dispersed® XP Project?

Hypothesis 1: We assume that communication in a dispersed XP project needs consi-
derably more technical and organizational effort than in the co-located case and has
influence on the question, whether the project stays in time and budget.

Metric 1.1: Measure how much time it takes to setup and initiate each communication
channel.

Metric 1.2: Measure which activity uses which channel.
Metric 1.3: Count how often each activity is done.

Question 2: Does a dispersed project need more communication (situations, time per
situation) than a co-located one?

Hypothesis 2: We assume that one stand-up meeting per day is enough, as in the co-
located case but that it will take more time (approx. 50 % more) compared to a co-
located setting.

Metric 2.1: Count the number of stand-up meetings during the project.

Metric 2.2: For each stand-up meeting measure its length.

% A project is called “dispersed” if different essential roles are located in different locations, so
that no meaningful task (e.g. story card) can be completed at one location alone.
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Question 3: In relation to forced rituals (e.g. planning poker [5]): Do developers con-
tribute in communication situations and do they initiate communication by themselves?

Hypothesis 3: We assume that the developers contribute less than in a co-located
project. Furthermore, we expect very few self-initiated communication situations.
Rituals like planning poker or 5-point-evaluation improve the situation.

Metric 3.1: Count Skype and video calls initiated by the developers.

Question 4: Do dispersed teams document more information items per story card than
co-located teams?

Hypothesis 4: We assume that they document about 50 % more than in a co-located
setup. Video channels decrease amount of documented information items and allow to
value interactions over documents.

Metric 4.1: Count the number of documented information items per story card in
each team.

3.2 Measurement Results and Interpretation

Metric 1.1, 1.2, 1.3: The above-mentioned metrics results are shown in Table 1. Conti-
nuous communication between Coach and developers is not shown. The channels were

Table 1. Measurement results for Metrics 1.1,1.2, and 1.3

Metric 1.2 Metric 1.3
Channel Initialize Setup Time Planning [Standup-| Dev. - | Dev. - COfCh
P Game | Meeting [Customer| Dev. Dev.
. . 1min
Voice 30min (setup) (start skype) X X X
1h forerun
Video (get conferenc? rooms) X X
+ 10 min
(init connection)
1 h (create 15 min (setup notebook and
St Shaéed d accounts, dev. beamer) X X X X
ory Lards|  aining) + 4 min (log-in all sites)
2 min (start and login)
Deskt
Sﬁ;rigp + 2 min (login others, get X X X
g 2 h (create control)
Shared accounts, . . .
Whiteboard training of 3 min (login all sites) X X X
developers, init - -
Shar(?d structure) 3 min (start and login all
Tracking sites) X X X)
Information + 1 min (share file)
> setup - - 36 min 40 min
time> work / work / 4 min 19 min | 19 min
1 h time 1 htime
Occurrences 1 63 3 5 31/8° 16 | const.

3 Assuming parallel setup of tools.
31 discussion between the onsite customer and the Hannover team, 8 discussions between the
onsite customer and the Clausthal team.



102 S. Meyer, E. Knauss, and K. Schneider

always active, therefore minimizing the initialization time. Obviously, the overhead to
initialize the communication infrastructure is higher than in the co-located case where
no additional setup is required. But this has to be done only once before the project
starts. The initiation of communication has just a slightly overhead compared to the co-
located case. The most time consuming setup phases affect video-conferencing and
shared story cards. Establishing these channels took ~130 min per day, which supports
hypothesis 1: This time considerably adds to the workload on both sites.

Metric 2.1, 2.2: A stand-up meeting was conducted each morning of the respective
work day (see Table 2) by each team. The average length of a stand-up meeting was
28:32 minutes. The average length of a stand-up meeting in the local case was 15 min.
These results support hypothesis 2, distributed stand-up meetings take more time.

Table 2. Measurement results for Metrics 2.1 and 2.2

Date 25.06.10 26.06.10 27.06.10 28.06.10 31.06.10
Length 19:48 min 31:29 min 26:00 min 27:32 min 37:52 min

Metric 3.1: During the block-week, the developers actively initiated 16 Skype calls
and no video conference. While the co-located team and parts of the distributed team
that where on the same location communicated a lot, few communication between the
distributed locations could be observed, which supports our hypothesis 3

Metric 4.1: For each team, we counted the total requirements raised by the onsite
customer during conversations. Based on this, we checked which of these require-
ments where documented either directly on story cards or as additional documents.
Table 3 suggests that additional requirements coming from the customer are much
more difficult to see and write down when the customer is not physically present. It
seems that having to use tools for writing down requirements makes a significant
difference to writing them down directly. More in-depth investigations will be neces-
sary to substantiate or falsify our explanation. However, the result of this measure-
ment stands in contrast to hypothesis 4.

Table 3. Measurement results for Metric 4.1

Co-Located Team Dispersed Team
Requirements total 135 127
Documented Req. 54 28
Not documented Req. 81 99

4 Conclusion

Our goal was to understand the communication in distributed XP projects. We wanted
to identify which additions to the agile practices are necessary to work in a distributed
setting. In particular, we wanted to find out whether it is possible to stay lean under
these circumstances. Most of the support tools we used can be set up and operated in a
reasonable time. The necessary additions are voice and video communication as well
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as tools for sharing desktops, story cards, whiteboards, and tracking information.
Supposedly simple technologies like whiteboards or story cards are very difficult to
substitute in a distributed settings.

The overhead for initializing the tools has to be spent only once when a project is
set up. In follow-up projects, this overhead decreases. Even some of the additional
set-up time can be cut down (e.g. setting up the beamer only once). Nevertheless,
setup time remains a major issue. A technical difficult communication channel that
needs complex and expensive systems that are not available all the time requires
much more organizational overhead. This effort can be reduced by having a rigid
schedule, but this also reduces flexibility and agility. The use of a video conference
system clearly helps in situations like planning games or stand-up meetings. Still,
bringing together teams that don’t know each other demands intensive moderation of
these meetings. Rituals helped to make the remote group feel less like spectators and
gave them the opportunity to actively contribute to group meetings. While believing
that it is possible to stay agile even in a distributed setting with only the above-
mentioned additions in place, we also like to stress out that distributed communication
needs much more attention and focus than communication in a co-located case. The
addition of many small time amounts to setup and keep the channels running adds to
the coordination effort of managing the different skills in an agile team. This makes
distributed communication feel much more intense.

Acknowledgement. We thank Andreas Rausch, Sandra Lange, and the students of
Technische Universitdt Clausthal for conducting this distributed XP lab together with
us. This work was funded by the GloSE (Global Software Engineering) project, State
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Abstract. This paper describes how lean approaches should be interpreted for
the creation of software-based systems and includes an experience report on
how that understanding of lean is applied in a project at a Siemens business
unit. The case study addresses issues relating to the portfolio and product man-
agement, architecture, product lifecycle management processes and people and
organization related issues.
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1 Introduction

Siemens is a global electronics and electrical engineering company, operating in the
industry, energy and healthcare sectors. Siemens, with its presence in over 190 coun-
tries, its roughly 405,000 employees working at 1,640 locations and its 176 R&D facili-
ties [1], serves a wide variety of customers in diverse businesses with unique challenges.

Due to the nature of their products, many of the Siemens organizations have had a
strong orientation towards hardware, electrical engineering, or mechanical engineer-
ing. But software is increasingly becoming an important, often dominant, factor in the
success of their products and this trend towards software is increasing rapidly. Con-
sider, for example, that more than 60% of our enterprise-wide sales are based on
software-based products, systems and plants and that Siemens employs approx.
20,000 software engineers worldwide. The System and Software Initiative of Siemens
is set up to take advantage of cross-business unit synergies, in particular regarding
increasing the effectiveness (“building the right product”) and efficiency (‘“building
the product right”) of the development of our software-based systems. Although the
business drivers in each of our various business units are somewhat different, there
are also many similarities across our businesses. High quality and providing high
value to the customer are important goals. Many of our product development teams
are set up as geographically distributed teams, product line engineering and the use of
platforms is common, and we have well-established and mature development proc-
esses. Our product lifecycle management (PLM) approach defines how we develop
products in a particular organization.

P. Abrahamsson and N. Oza (Eds.): LESS 2010, LNBIP 65, pp. 104}110,[2010.
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Yet we continue to strive for further improvements to our product lifecycle man-
agement. We think that there is potential in applying some of the main ideas of
“lean”, adapted for product development, as one possible way of further improving
product development. Often the improvements are ones that would be useful anyway,
but the “lean view” is sometimes useful in making them more visible. Section 2 de-
scribes our view to applying lean ideas to product creation, which includes both prod-
uct management and all phases of product development. Section 3 describes a specific
case study and resulting insights of applying these techniques in a business unit of
Siemens. Section 4 closes with some general lessons learned.

2 Lean in Product Creation

Lean has its roots in the manufacturing area. The high-level goals of lean (manufac-
turing) can also be applied to the definition and development of software-based
systems. But one must also be aware that there are significant differences between
manufacturing and product creation (product management and development). Accord-
ing to Reinertsen [2], manufacturing deals with predictable and repetitive tasks, has
homogeneous delay costs and homogeneous task durations whereas product develop-
ment deals with high variability, non-repetitive, non-homogeneous flows and different
projects have different delay costs and different loads on resources. Also Cockburn
[3] sees significant differences that stem from the fact that what is moving through the
“production” is not something physical, but rather information, in particular decisions
that over time become clarified. Furthermore, due to the nature of product develop-
ment, there are many more feedback/correction loops than in manufacturing. Even the
time-scale is different, with product development often taking many months as op-
posed to minutes/days common in the manufacturing space. And most importantly,
because the nature of what flows through the process is information and knowledge, it
is an even bigger challenge than in the manufacturing space to convince the people
and to achieve the necessary change in mindset that is required.

Our approach for software-based systems is based on that of Poppendieck [4], in-
cluding “Systems Thinking” (the importance of the end-to-end flow and optimizing
the whole rather than the parts), “Technical Excellence” (including striving to have
decoupled architecture, the importance of early automatic system integration, encour-
aging prototyping as they lead to valuable knowledge and must not be considered
waste), “Reliable Delivery” (managing the workflow in particular to optimize the
overall throughput rather than the utilization of particular roles by keeping the amount
of work in progress smaller and more even). “Relentless Improvement” (analyzing the
root cause of problems encountered and addressing them), as well as “Great People”
and “Aligned Leaders” reflecting a culture with a common goal, each empowered to
make improvements in their area in an open collaborative atmosphere and to have a
product champion willing to take on the end-to-end responsibility for the business
success of the product and who strives for close interaction with the team. Siemens
has a long history of process assessments and improvements and most organizations
have well-established mature processes that help ensure that responsibilities are clear
and that we achieve a high degree of predictability. The lean approaches described in
this paper are built on top of such a mature process-oriented foundation.
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Creating Value: We continuously strive to increase the value of our products. This is
typically difficult to measure, especially as there are many different direct and indirect
“customers” or other customer-like stakeholders involved, see also [5]. It is very im-
portant here to have an excellent understanding of the problems that the customer is
addressing and thus what the customer really needs rather than only considering what
the customer says they need. For example, often there may be an innovative new way
to address the customer’s real needs and to some extent this is a “push” idea and not
just a “pull”.

The long-term stability of our products, based partly on our platform strategy, is
another way we create value. In particular one must be sure that also the quality at-
tributes (sometimes called non-functional requirements) such as performance, flexi-
bility, usability, scalability, and reliability are not overlooked when considering the
value for the customer.

Avoiding Waste: Waste in lean terminology can be further broken down into “neces-
sary” and “pure” (or unnecessary) waste. Ideally, we want to avoid any kind of waste,
but in particular we want to avoid pure waste. As an idea of what kinds of waste exist
in product creation, here our mapping for software development, similar to [4], based
on seven kinds of waste in manufacturing. The category “necessary” waste includes
things like establishing an organization-wide common terminology and processes,
these help the organization have a quicker understanding across roles and help to cre-
ate the products with higher predictability. The types of waste in software develop-
ment include:

e  Waiting: e.g. through unclear responsibilities, insufficient process/tool integra-
tion, lack of parallelization, insufficient infrastructure (e.g. computer/network too
slow)

e  Extra processing steps: unnecessary or too-detailed process steps

e Defects: Re-work (i.e. having to do an activity a second time that could have
been avoided, for example due to finding defects or inadequate involvement of all
relevant stakeholders)

e Transportation: Inadequate transportation of information across interfaces (e.g.
manual transfer of information between roles due to incompatible processes or
tools, lack of common understanding)

e Overproduction: e.g. delivery of features that the customer does not need, overly-
complex products, too many variants instead of doing systematic reuse

e Inventory: creation of artifacts that are not used downstream (e.g. effort invested
in the definition, effort estimation, review of requirements or features that are not
realized)

e  Motion: unnecessary transfer of persons due to inadequate relationship between
the roles (e.g. lack of direct access to necessary information, having to multi-task
between too many projects, insufficient communication between sites).

Continuous Improvement: Continuous improvement is one of the main pillars of the
Toyota Production System [6] which has, at least in the past, been one of the main
sources of information in the area of lean. Constant improvement is not the task of a
special process group but instead in everybody's DNA. Standards are important, but
need to be seen as a basis for further improvement. All people in the organization
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need to have the right education and mindset to drive improvements. The role of man-
agement is not simply to manage with targets. Instead they should "go-and-see" and
personally help solve concrete problems on the doing level.

In order to also continuously improve across the company, we have established a
cross-business unit community for addressing topics of lean in the area of develop-
ment and engineering. We have regular meetings to synchronize on topics of common
interest for example having a common training program and a common general
framework and to share good practices across Siemens and also with external con-
tacts. Through the diversity of the businesses and the nature of lean itself, it will not
be the case that a single solution or “one-size-fits-all” approach will work; instead one
must agree on a common framework and apply this intelligently as needed in the
various business units. The following case study is one that has been presented, for
example, in this community and shared with others across Siemens.

3 Case Study — Lean PLM @Siemens

The business unit in this case study has ~8.500 employees and is a market leader in
industrial automation, serving customers with production facilities in discrete (e.g.
automotive) or process industries (e.g. pharma). Automation consists of 3 elements:

1. Sensor (collects the state of the outside world — the shop-floor)
2. Actor (influences the outside world, e.g. a motor driving a conveyor belt)
3. Control logic (controlling the actors based on the signals of the sensors)

This specific business unit is active in the area of control logic, yet has to coordinate
PLM projects with other Siemens business units developing sensors & actors. Al-
though the customers perceive the offering mostly as hardware, there is a large
amount of software necessary. The customer value is best realized when a well-
aligned and working system portfolio of hard- and software is delivered.

The challenges when building such complex systems are different from the ones
encountered by typical automotive companies including Toyota. One crucial chal-
lenge is, for example, the compatibility of hardware and software components: once
an automation hard- or software component is sold to a customer, these components
are in use for decades in customer specific configurations not controlled by the OEM
(in this case Siemens). This compatibility is a major driver of customer value and
needs to be treated differently from automotive companies with their modularization
and platform approaches.

In order to better serve the customers and to provide them with more customer
value, former stand alone products are united in a system approach named “Totally
Integrated Automation”. While this creates tangible benefits for the customers, it in-
creases the dependencies of the internal development.

3.1 Motivation for Lean

The project in this case study was motivated by a strong belief in continuous im-
provement. Lean was already a proven concept in manufacturing and helped that the
unit’s plant won the "Best Factory / Industrial Excellence Award 2007" organized by
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French business school INSEAD and the German business school WHU [7]. The
plant’s success is powered by a culture of continuous improvement, in which every-
body in the plant is educated, empowered and active.

With this background, a dedicated project was initiated at business unit level with
the aim to increase the value generated in its own product lifecycle management
(PLM). Lean was considered as one useful approach but the ultimate aim was im-
provement. Although there was much experience in manufacturing, the question re-
mained how much of this know-how could be transferred to product management and
development.

3.2 Approach Taken

Based on initial interviews with main stakeholders in PLM, it was obvious that the
challenges had to be addressed from different perspectives. Similar to the star model
for organizational design [8], a project setup by four dimensions was chosen.

Project core questions

Portfolio PLM process
Where and How do we
how do we do this

create most

value? efficiently?

Architecture,
technology &
products

People &
organization

Fig. 1. Project structure and the core questions

According to lean thinking, people doing the actual work should be empowered to
improve their own work e