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Preface

This volume contains the research papers presented at XP 2019, the 20th International
Conference on Agile Software Development, held during May 21–25, 2019, at the
École de technologie supérieure in Montréal, Québec, Canada.

XP is the premier agile software development conference combining research and
practice. It is a hybrid forum where agile researchers, academics, practitioners, thought
leaders, coaches, and trainers get together to present and discuss their most recent
innovations, research results, experiences, concerns, challenges, and trends. XP con-
ferences have inspired the successful evolution and adoption of agile practices by teams
and organizations, not only in the software industry and academia, but also beyond.
Whether you were new to agile or a seasoned agile practitioner, XP 2019 provided an
informal environment to network, share, and discover trends in agile for the next 20
years.

Submissions of previously unpublished research papers related to agile and lean
software development were invited for the XP 2019 Research Track. The submissions
received addressed a variety of agile software development topics of concern to
researchers and practitioners alike. Submissions based on empirical studies and
including practitioner and academic collaborations were encouraged. We received 45
submissions. After the first screening by the track chairs, 38 submissions were sent for
peer reviews. Each submission received (on average) four reviews from Program
Committee members. Based on reviewer comments, 15 papers were accepted pre-
sentation and publication in these proceedings.

The success of the XP 2019 conference and the Research Track should be attributed
to the passionate and hard work of many people. We greatly appreciate the contribu-
tions from authors, the Program Committee, the volunteers, and our sponsors. Last but
not least, we would like to express our sincere thanks to the XP Conference Steering
Committee and the Agile Alliance for their ongoing support.

April 2019 Philippe Kruchten
Steven Fraser

François Coallier
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Agile Practices in Practice: Towards
a Theory of Agile Adoption

and Process Evolution

Brendan Julian(B), James Noble, and Craig Anslow

Victoria University of Wellington, Wellington 6012, New Zealand
{Brendan.Julian,kjx,Craig.Anslow}@ecs.vuw.ac.nz

Abstract. As teams and organisations make the difficult shift to agile
ways of working, there has been relatively little investigation of how they
adopt and use agile practices. To aid those teams looking to move to agile
we should examine how others have done so and what practical value
they found. We studied teams which adopted agile practices across a
spectrum from taking on a whole methodology to a couple of practices at
a time, and then committed to continuous assessment and improvement
of their ways of working. Those teams favoured adapting agile-based,
team-oriented practices suited to their particular needs over technical
practices and defined methodologies.

Keywords: Agile adoption · Agile software development ·
Continuous improvement · Grounded Theory · Industry applications

1 Introduction

Agile practices have had a marked impact on the technology industry around the
world, supporting increased communication, quality and productivity in teams
and their products when implemented successfully [5,23]. Yet adopting and effec-
tively using agile ideas and practices still presents a significant challenge to teams
and organisations [12]. There also seems to be a disconnect between extant liter-
ature discussing what agile is and the comparatively smaller amount of research
into how agile is applied in industry [6]. In order to aid those teams looking to
make a change to agile it is important to examine how others have already done
so and to share their experiences with the wider agile community.

We sought to understand agile use and evolution in multiple teams around
Wellington, New Zealand by analysing the changes they made to their processes
over time. We wished to identify trends in how teams adapt and modify their
process to fit their work, and to understand the success of those changes.

In this paper, we present a Grounded Theory study of the adoption and
evolution of agile practices in several local organisations. We conducted semi-
structured interviews with twenty-two agile practitioners in twenty organisations,
each with varying levels of expertise across different roles and types of work.
c© The Author(s) 2019
P. Kruchten et al. (Eds.): XP 2019, LNBIP 355, pp. 3–18, 2019.
https://doi.org/10.1007/978-3-030-19034-7_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19034-7_1&domain=pdf
https://doi.org/10.1007/978-3-030-19034-7_1
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Based on this data, we present our theory on the motivations and means of agile
adoption and the ongoing process of adapting and improving on agile practices
to suit the specific needs of the teams and their work.

2 Methodology

2.1 Grounded Theory

Grounded Theory (GT) is a socialogical research method proposed by Glaser and
Strauss in 1965 [10] and formalised in 1967 [11]. Rather than verifying an existing
theory, GT seeks to build a theory from data where little to no established theory
exists. GT is a commonly used method for qualitative data analysis, including
in the software development industry [1,16,17]. GT assumes the researcher is
unfamiliar with the area of interest to aid discovery of a theory, so to account
for our own prior knowledge we instead chose to adopt Charmaz’s Constructivist
Grounded Theory (CGT) variant [3]. CGT theories are co-constructed by the
researcher and participants through investigation of the area of interest, rather
than discovered. CGT promotes using prior knowledge and experience as a means
of more effectively examining data that may require esoteric domain knowledge,
as we already have experience with agile practices we considered CGT to be well
suited to our study.

2.2 Data Collection

We conducted twenty-two interviews with participants from twenty different
organisations, nineteen within the tech industry and one outside it. Interviews
were 30 to 90 min in length and followed a semi-structured format. After each
interview, the data was coded [18]. Codes were then used to inform further
interviews and modify questions as part of constant comparative analysis [9].
Table 1 gives aliases and roles for the participants.

Among those interviewed in this study, most working in small-mid sized
teams were using or have used some form of Scrum [24]. Few, if any, were using
“pure” Scrum. A number were using some form of Lean such as Kanban [27], or
a combination of the two, referred to as Scrumban [20]. We also observed some
use of scaled agile frameworks such as Scrum of Scrums [28] and SAFe [21].

2.3 Theory Development

Through a process of constant comparison, we used previously gathered data
to inform further data gathering, and used that new data to aid in interpreting
previous data. We took the codes drawn from the interview notes and grouped
them into general descriptive categories of observed practices and modifications
via card sorting [29]. We further developed the theory by grouping cards by
categories of changes and the driving factors behind them, focusing on identi-
fying changes in participants’ methodologies. For example, the initial code of
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Table 1. Interview participant aliases and roles

P# Role P# Role

P1 Product Owner P12 Project Coordinator and Logistics

P2 Scrum Master P13 Facilitative Team Lead

P3 Team Lead P14 Technical Business Analyst

P4 Intermediate Developer P15 Consultant/Agile Coach

P5 Consultant P16 Team Lead/Business Director

P6 Mobile Developer P17 Lead Developer

P7 Full Stack Developer P18 Management Consultant

P8 Release Manager P19 Client Delivery Manager

P9 Scrum Master/Agile Coach P20 Test Consultant/Account Manager

P10 Project Manager/Scrum Master P21 Solutions Architect

P11 Scrum Master P22 Digital Producer

“buy-in” developed further into concepts such as “willingness to make changes”,
“capacity for change” and “commitment” as we gathered more information. Our
information gathering continued until we were confident we had reached a satu-
ration point, a point at which little to no new information was being uncovered.
Through the twenty-two interviews we began to reach saturation at around 18
interviews, past which interviewees were providing their own perspectives on
concepts we had already previously identified. These changes allowed us insight
into how and why teams chose to develop their practices over time, from adoption
through to constant evolution.

Once data collection was complete and theory development was well under-
way, we began to compare our findings to other similar studies and ideas. In
particular we noted several similarities between our discoveries and the proposed
Agile Fluency Model by Larsen and Shore [2] with regards to teams assessing
their ideal level of agility, as well as several interesting comparisons and contrasts
to Hoda’s work on agile adoption [14]. We discuss this further in Related Work.

3 A Theory of Agile Process Evolution

In the teams we studied through interviews we identified two general means
of adopting agile practices which we termed the “big bang” and “gradual”
approaches. With a big bang [22], teams begin by adopting all of a by-the-book
process to learn the practices and then begin to modify them. In contrast, teams
following a gradual approach take on and integrate a couple of agile practices
at a time alongside their existing, non-agile ones through a longer transition
period. These approaches describe two ends of a spectrum wherein some teams
performed a wholly big bang adoption across the whole organisation while oth-
ers simply added stand-ups and issue tracking to their existing work, and many
variations in between.
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3.3: Assess
Challenges
and Needs

Try New Ideas
in Iterations

Retrospect
and Reflect on

Usefulness 

Gather Feedback

3.1: Big Bang
Approach

3.2: Gradual
Introduction
Approach

Adoption
3.4: Continuous Improvement 

Fig. 1. Our model of Agile Process Evolution. Adoptions of agile methods by teams
sit along the spectrum between a “big bang” or “gradual” approach. Following adop-
tion, teams shift to a focus on continuous improvement, iteratively reflecting on and
modifying their practices to better fit their current work.

As teams developed expertise and understanding beyond adoption, they
focused on continuous improvement, iterating on their process over time to
ensure it fits their needs. Adopting agile was not seen as a one-off event by inter-
viewees, rather it requires a willingness to change and commitment to improving
how a team works. We present a model in Fig. 1 which visualises this process,
demonstrating how teams which adopt agile through either approach tend to
develop towards the same goal of adaptability and continuous improvement,
making adjustments as needed to ensure that their practices fit their work.

3.1 The Big Bang Approach

Those in leadership or consultant roles (such as P1, P5, and P9) often shared
the idea that newer teams should start with an established framework that has
extensive literature and successful examples behind it.

“That’s what I always recommend to people; start with Scrum and then
evolve it” - P1, Product Owner

In a big bang adoption a team starts out following the same large set of
general practices from day one. Even if there is an initial productivity hit while
learning the practices, it was seen as being better to get it out of the way:

“You need to start a project the way you mean to carry it on... In terms
of that basic agile structure you want to have that in place but you want
to be agile with that. It would evolve some change over time but you want
to have an understanding of the method and roles as close to day 1 as
possible.” - P18, Management Consultant

The team should gain aim to experience with all of the practices involved
in a chosen framework, learn their value, and understand why they’re used, and
then begin to assess which practices work well and which could be improved or
replaced.
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“[Scrum] is the best one to start with, because it gives them a bit of dis-
cipline. It’s a framework they can hang on to and follow the rules, and
it helps them get into an iterative, fast feedback style, and they can then
learn to break the rules.” - P5, Consultant

Proponents of big bang felt that the core practices of frameworks such as
Scrum were valuable guidance for teams looking to adopt agile, even if they
weren’t completely suited to their needs, and that attempting adoption without
some guidance was needlessly difficult. For example, one organisation (P10, typ-
ically Scrum-oriented) explicitly attempted to build an agile framework from the
bottom up with no starting practices, rather adopting practices as they felt they
would be needed. Quickly, they found that although they were able to identify
issues with or gaps in the methodology built so far, the lack of structure made
it difficult to identify how to best rectify the issues that arose:

“We have tried putting nothing in place and taking on things as we need
them. That hasn’t worked out so well. There was a lack of structure, struc-
ture is really important. Without that, things start to fall apart, things get
lost. Some people think agile means you’ve got no structure, but really I
think you need more rigour, discipline and structure to actually make it
work.” - P10, Project Manager/Scrum Master

3.2 The Gradual Adoption Approach

In contrast with the big bang approach, P2, P4, P8, P12, P13, P14, P15 and
P19 spoke of integrating agile processes into an organisation’s existing, non-
agile, methodology and gradually making changes to more agile methods. The
first practices to be introduced were almost always iterations, stand-ups and
retrospectives, accompanied by some form of task tracking and visualisation.
For some teams (P8, P12, P13) those practices alone were well suited to their
needs. Others (P2, P4, P14) continued to adopt practices to become fully agile
teams, usually transitioning into something akin to Scrum or Kanban.

P19 shared their experience of a transition and felt that for an organisation
lacking in agile expertise, attempting to take on too much in one go could be
overwhelming, and instead the organisation looked at adopting and expanding
their practices over time.

“It was small bits at a time and I don’t think that was for any other reason
than if you try and do it all in one hit it just becomes overwhelming and
it fails. Where if you can do a bit, perfect it and that becomes the norm
then move on to the next bit. First of all it was breaking into squads and
then you were part of a squad of a business unit and then you do things
like daily stand-ups and you just go through it.” - P19, Client Delivery
Manager

P15 related the adoption method back to a team’s capacity and needs. A
team may not be capable or even have a use for fully adopting Scrum up front,
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but they may find great value in simply getting everyone in the same room every
day for a stand-up to improve communication.

“What I really try and help teams do is feel out a good sense of... what
they’re capable of in any given time. An organisation might say “We’re
gonna have a digital transformation, an agile transformation”. For me it’s
figuring out what their purpose is, their overall purpose. You start to look
at and observe tiny moves, suggesting small things. Will a stand up every
day serve?” - P15, Consultant/Agile Coach

Although fostering a commitment to the practices and driving change among
team members was sometimes difficult, interviewees (P5, P6, P9, P10, P13, P14)
noted that over time, and with greater experience, commitment increased. One
noted that team members began organically making use of the task tracking
board that put in place without prompting.

“The biggest put off is the idea of having to have everything sorted and
we’re in an environment where things can change on the day so you’ve
got to be flexible. So I wanted something that was flexible but also visual...
Within a few weeks or so of us [maintaining a Kanban board] as a regular
activity, my colleagues started putting up stuff as well, which was great
because they were taking ownership of it” - P13, Team Lead

Simply having progress be visible and traceable allowed team members to
more effectively plan and organise their work as the team organically embraced
the board over time. Along with this tracking board, this team had adopted
stand-ups and regular iterations in their non-tech, part-time environment. While
a full agile transformation would be surplus to requirements, simply improving
communication and visibility of information was incredibly valuable.

3.3 Challenges to Adoption

Resistance. In trying to drive a transformation, experienced individuals (P1,
P2, P5, P6, P9, P10, P11, P14) noted it was often difficult to effect widespread
change if either the people or environment were resistant to it. They recognised
an “if it’s not broken, don’t fix it” mentality, that a process that isn’t actively
hindering progress is good enough, even if there is an opportunity to improve.
This attitude was seen as particularly prevalent in government departments,
where existing processes are inflexible and change is looked on with suspicion.

“The business don’t understand the DevOps and agile model here. Basi-
cally, we play the agile game totally for the teams...but then, the upper
parts of the business haven’t really bought in. They’re coming around but
they still see it as kind of a fad” - P2, Scrum Master

It was felt (P2, P5, P9, P10, P13, P14) that some team members may need
to see the effectiveness of a change in order to accept it, but making effective
changes without some level of acceptance was difficult. Those same practitioners
observed significant differences in attitude over time as newer adopters who had
been previously resistant learned the effectiveness of a new way of working.
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Outside Forces and Regulatory Compliance. Those working in or with
government departments or highly regulated organisations (P2, P8, P12, P14)
showed frustration at trying to implement agile in an existing rigid framework.

“One thing was a resourcing problem. They wanted development and test-
ing done at the same time, which is fine, but they didn’t want to bring
developers over to do testing because the pay gap is so different, but they
also didn’t have enough testers” - P2, Scrum Master

This team could fully adopt agile at their level, but required a transla-
tion layer, ala “Agile Undercover” [15], to document and demonstrate work as
required by the existing process. Alternatively, they could try and implement
what agile practices they could (such as, iterations and issue tracking) within
the existing framework while still fulfilling their obligations to their overseeing
body.

“Often, depending on the organisation, there’s the governance structure,
and in government that can be quite heavy. At the moment there are two
forums that things have to go through to be signed off [on top of the team’s
iterative processes]” - P12, Project Coordinator.

Neither solution was considered perfect, but at least implementing more flex-
ible practices helped improved team morale and effectiveness on some level, even
if such efforts were hamstrung by existing, rigid processes.

Needs of the Work. Interviewees focused on the importance of team prac-
tices over technical ones when it came to adopting agile ways of working. While
technical elements such as pair-programming, test-driven development and more
were mentioned and valued, the primary motivations were almost always about
improving communication through practices like daily stand-ups and end-of-
iteration retrospectives and achieving a regular, fast delivery cadence that would
allow them to frequently check their work against their clients’ expectations.

Regarding existing frameworks such as Scrum, Kanban etc. participants
found them to be useful guidelines rather than rules. Every organisation has
different needs and will find value in different practices. Frameworks should be
taken as a valuable source of ideas rather than followed blindly.

Participants 5, 6, 9, 10, 11 and 15 considered it vital to understand the
purpose and potential usefulness of a set of practices to make better decisions
about their applicability to the team’s context. Through using the practices,
teams gain experience and understanding of how applicable they are to their
work and enable them to make informed decisions about how to modify the
practices from there on. Gaining some experience and context would then allow
teams to make more informed choices and have better discussions about what
works well or what might need changing.

“Then they can have a meaningful, evidence-based discussion about what
they can achieve... We’re trying to build a self-organising team, capable of
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setting their own priorities. It’s quite amorphous, you’ve got to avoid just
following the process, avoid a cargo cult. It does need a certain prescription
result at the beginning to build up that muscle memory, this is why we
have stand-ups, this is why we have retrospectives, sprint planning.” - P15,
Consultant/Agile Coach

The primary boons of conducting stand-ups and retrospectives were facili-
tating open communication and gathering feedback from every member of the
team. Having everyone in the same room, at the same time, discussing the same
project would allow everyone to stay informed and discuss their current work
while retrospectives were used to reflect on work completed as well as the prac-
tices used to do so, as one interviewee put it “what went well, what didn’t go
well, and what fell to shit.” - P9. Several interviewees noted that over time, doing
the same kind of stand-up or retrospective could become stale. They proposed
that teams should seek to mix it up and try different styles in order to keep
interest up, and ensure high quality and consistent feedback.

“You’ve got to change it up now and then, otherwise people pretty much
become bored with it and don’t participate as well” - P9, Scrum Mas-
ter/Agile Coach

Different teams would hold planning meetings at various scales, some with
the immediate team each week all the way up to three-monthly department-wide
planning sessions.

3.4 Focus on Continuous Improvement

Post-adoption, all teams moved into a overall practice of continuous improve-
ment. Teams recognised that no set of practices is ever perfect and committed
to regularly assessing how they work, often as part of retrospectives, in order to
ensure their methods were well suited to their work and to improve and develop
over time as a team.

Nature of Work Determines the Process. More mature teams, those who
have been employing agile successfully for a significant length of time (P1, P2,
P3, P6, P9, P10, P11), tended to focus on ensuring their practices are adapted to
the work, rather than trying to force their work to conform to their established
practices.

“If something like the definition of done or the definition of ready isn’t
quite working for us, then maybe we look to improve that. It’s a constantly
evolving process. It’s about making the process work for that team.” - P6,
Mobile Developer

For example, one large organisation (P9 and P11) operates an overall scaled
agile framework on a four-week release train. A particular team was operating
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on a two week Scrum schedule, however, they switched to a four week Kanban
schedule to align with the cadence of the rest of the organisation and account
for irregular releases from their supplying vendor.

“So Scrum doesn’t really suit us, because we’re getting stuff fed in, Kanban
makes it easier to limit our work in progress so we can try and get through
things as efficiently as we can” - P9, Agile Coach

Almost all teams used estimation in some form when planning and prioritising
their work, though specific methods differed. Several interviewees (P9, P21, P22)
shared that they were moving away from their earlier hours-based estimation to
more abstract points which allowed them to more accurately prioritise work
relative to other work rather than attempting to time-box it.

“Lately we have made a concerted effort to move away from hours-based
estimations in favour of story points. Largely the motivation here was that
hours-based estimates were proving difficult and often inaccurate or unre-
liable.” - P22, Digital Producer

Changes can also be related to how a team performs a particular practice
such as issue tracking. P9’s team found that using the digital solution Jira suited
their purposes better than their previous on-paper solution as the team had
distributed elements which didn’t have access to the physical board. While the
physical solution was great for those who could interact with it, it was impossible
for off-site members to actively contribute. On the other hand, P16’s organisation
moved initially from a paper solution for tasks and BitBucket for tickets to Jira,
but later switched back again:

“It was originally in Jira but it made a lot more sense to take the stories
out of Jira and give them their own identity. Jira is shit really, it’s fine for
low level tickets and capturing screenshots but the other thing that we’ve
used which is working really well is [a spreadsheet based Scrum board]” -
P16, Team Lead/Business Director

Especially when working with distributed teams or off-site clients, it was
generally considered to be better to adapt the practices employed to account for
difficulties rather than try to push through them with existing processes.

“We get down to [vendor] at least twice a week to do refinement sessions.
I’m not sure that’s a strict Scrum ritual, it’s a thing you’re supposed to
do but Scrum doesn’t seem to guide you on how to do it, so we [visit
vendor fortnightly] and spend an hour going through our draft stories.” -
P1, Product Owner

Organisations working in fields with significant regulatory components must
factor in the time needed to complete the necessary testing and documentation
into their release schedule.
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“Probably the biggest impact for us is regulatory. The documentation alone
is massive...We break it down quite granularly...We can treat it a bit more
agile...We can shuffle things around to keep ahead of the game” - P8,
Release Manager

Each of these examples demonstrates the pragmatism found in agile practi-
tioners we interviewed, and their focus on doing what works for them.

Despite differences in methods of adoption, most interviewees (P1, P2, P3,
P5, P9, P10, P11, P13, P14) felt it was important to constantly adapt their
practices and continuously improve on how they performed their work.

“You need to adapt... That’s what’s good about agile in general, ’cause
the principle is never stay static. You’ve always gotta question the process
and adapt the process to fit your environment, your people, your way of
working.” - P1, Product Owner

Change was a universally accepted fact of the working world, for better or
worse, and a means of assessing shortcomings and rectifying them was considered
highly valuable. Attitudes to changes varied quite widely, as did opinions on
drivers for those changes. Through the interviews, participants were prompted
on specific changes they made to their work-flow processes, though they were
highly specific to the team and project at hand. Suffice to say time should always
be taken, often in retrospectives, to examine aspects of the current process that
may not be a good fit, and to not be afraid to try something else that may work
better.

Most of the interviewees attested to using a form of Scrum or something
Scrum-like (P1, P2, P3, P6, P7, P8, P9, P10, P11), but none were using pure,
by the book Scrum. While teams made use of sprints, daily stand-ups, end-of-
sprint retrospectives, start-of-sprint planning, and some means of issue tracking,
they often deviated by dropping some practices or bringing in others.

“The most important thing is the values and principles. We use Scrum
largely, but the values and principles always help us find what isn’t work-
ing.” - P10, Project Manager/Scrum Master

Commitment to “Being Agile”. The phrase “Don’t do agile, be agile” and
the concept of agility are not exactly new [4,13,30], though it was explicitly
brought up by nine of the twenty-two participants.

“Agile is a mindset...Doing agile is only half of it, the rest is being agile”
- P6, Mobile Developer

The core idea here is to not simply follow the motions of the process for
the sake of doing so but to employ the agile ideals to assess how you work, as
much as the work you do. As P9, an agile coach, noted: “If it’s not working,
why the hell are you doing it?” A practice doesn’t necessarily have to be bad to
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warrant changing or tweaking. Agile practices are just practices like any other
and therefore are only as useful as their practitioners allow them to be. Sim-
ply performing the rituals will likely not produce successful results without a
commitment to making proper use of them. As an example from P11, retrospec-
tives are largely useless if those participating are unwilling or unable to provide
constructive criticism of the work completed and the process used to do so.

“Agile might potentially allow you to expose weaknesses in a better way.
Agile might give you an option to break down [issues]. The guy that was a
grumpy old bastard last week under Waterfall is still the same grumpy old
bastard this week, you’ve just changed the methodology. [Agile] required a
change in culture, people and mindset as much as a change in methodology”
- P11, Scrum Master

Effective implementation of agile ideas requires a commitment to make the
most of the practices put in place, with a view to continuously improving on
and modifying those practices to best suit the work at hand. Just as no team
examined was using pure Scrum, rather some variation which they found better
suited them, no one process will necessarily fit a given team on any given job.

4 Evaluation

Glaser’s Criteria. Glaser provides four criteria for assessing the validity of a
theory [8,19], which is tied to the soundness of the research method and the data
gathered by that method:

Fit: We adopted a CGT methodology in order to employ our previous
understanding of what agile methodologies are to help investigate how they
are employed in industry. The categories we developed were based on the data
gathered, using our previous experience to interpret the data.

Work: By evidencing the theory, we have formed a clear link between inter-
view results and our developed theory, which explains the data we have gathered,
shows general patterns and provides new insights. Opinions shared by partici-
pants were generally very consistent. Even though they may adopt agile differ-
ently, they all focus on the concept of continuous improvement of their work and
processes. The work criterion describes a theory that provides a solid explana-
tion for identified phenomena. Owing to the consistency between out twenty-two
participants, we consider this to be the case with out study.

Relevance: Our questions were predominantly aimed at how teams decide
to adopt and adapt agile. The responses we gathered show how teams who adopt
agile through different means trend towards the same end goal and find similar
value in their different practices.

Modifiability: We developed our theory with each interview adding new
perspectives and information, and it is open to further refinement.
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4.1 Threats to Validity

There are two key limitations we encountered in this study:
Scope: We interviewed twenty-two participants from around Wellington,

New Zealand. While this provides a good spread for the local context, data
gathered is only representative of the opinions and experiences of our partici-
pants and may not necessarily represent other organisations or locales.

Lack of Direct Observations: While interviews are valuable, we believe
this study could have benefited from observations to help understand how a team
makes the changes they choose to make and why. Interviews can shed some light
on this but are limited by what the interviewee can recall at the time.

5 Related Work

5.1 “Agile Fluency Model”, Larsen and Shore

The Agile Fluency Model [2] proposes how teams should look at the process of
developing their agile practices. Citing the broad range of ideas on “how agile is
supposed to be done” they examined agile methods in theory and practice. The
model is comprised of five steps describing different levels of fluency; pre-agile,
focusing, delivering, optimising, and strengthening.

One of the core elements of the Agile Fluency Model [2] is the idea that
different levels of the model will suit some teams well and others may be a better
fit for other teams. While different teams we studied had achieved differing levels
of agility, they had all found value in their adopted practices.

Several teams (including P2, P8, P12 and P13) working within existing pro-
cesses looking to employ iterations, stand-ups and retrospectives benefited from
increased communication between team members and improved understanding
of progress, which aligns well with the Focusing step.

More thoroughly agile teams (such as P1, P6, P16 and P18) found increased
fluidity to their work, with autonomous team practices improving flow. Prioriti-
sation of work based on delivering the most immediate value became the main
focus, embodying the Delivering step.

Mature teams (like P9, P10 and P11) identified that at agile practices had
become second nature they were able to rapidly adapt to changes while continu-
ously improving their practices. These teams were often either part of an overall
transformation or leading it, which fits Optimising.

The ideas that agile frameworks are not one-size-fits-all and agile is not a
silver bullet for any issue would agree with the Agile Fluency Model. That said,
to fit our observed teams into the model’s defined steps would be somewhat
inaccurate. We feel the teams we looked at better fit a spectrum from new to
fluent teams. Moving from one level to another in the Agile Fluency Model does
not appear to be a generational leap but a series of small steps and occasional
missteps intended to develop the team’s practices over time.
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5.2 “Agile Transitions in Practice”, Hoda and Noble

“Becoming agile: a grounded theory of agile transitions in practice” [14] studied
many organisations that have undertaken, or are undertaking adoption of an
agile framework, and found that the teams do so in differing ways with varying
levels of success. The authors acknowledge that the process of adopting agile is
daunting and fraught with challenges surrounding existing organisational cul-
ture, people, processes and tools. As we have, Hoda and Noble identify a gap
between existing guidance on adopting agile and useful advice for teams under-
taking such a fundamental change to their way of working. Through a Grounded
Theory (GT) study with 31 participants across 18 organisations in five coun-
tries, the authors developed a theory of agile adoption as a transition much like
our model’s idea of gradual adoption. Rather than a simple series of steps, this
paper posits that transitioning to agile involves a complex network of concurrent
changes in five dimensions; software development, team, management approach,
reflective and cultural practices. In our research we found the latter four to be
most prevalent as our interviewees generally focused on team-oriented practices
over tech-oriented ones.

While Hoda’s theory for agile transitions focuses on the process of adopting
agile, the core concepts identified generally agree with both our findings on adop-
tion and on continuous improvement. The paper implies that the organisations
observed only employ what we have described as the gradual adoption approach
and big bang adoptions were absent, even with a sample size larger than that
of our study. Our observations agree that adoption is not a one-and-done affair,
even among those following a big bang adoption, the initial introduction of agile
ideas is not the end. Whether teams adopt processes over time or many at once,
there is still a process of iteration and improvement required for team members
and other staff to learn the processes involved and to grow their practices, the
key difference is time scale. Our theory on continuous improvement demonstrates
that the transitory approach this paper identifies does not stop once an adoption
is considered complete, but instead it persists with the team regardless of their
initial adoption method. To ensure long term success in the use of agile, teams
must develop and continuously improve on their processes in the initial adoption
phase and beyond.

5.3 Scrum and “Scrum-but”

Some participants (P1, P5, P9, P10) used the phrase “Scrum-but” to mean they
use the core concepts and rituals of Scrum, but modify those which they have
found to lack usefulness through experience. “Scrum-but” tends to carry nega-
tive connotations in literature, described as the “reasons why teams can’t [sic]
take full advantage of Scrum [26].” And typically refers to a number of anti-
patterns that may crop up in Scrum [7]. Interviewees generally acknowledged
that “Scrum’s roles, events, artefacts, and rules are immutable and although
implementing only parts of Scrum is possible, the result is not Scrum per se
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[25].” Interviewees often found pure Scrum to be unsuitable for their environ-
ments and preferred to take the valuable concepts and core practices and adapt
them to their needs, using the phrase to demonstrate that they recognise that
what they’re using isn’t exactly Scrum, but rather an adaptation of the frame-
work to the particulars of their environment. The prominence of “Scrum-but”
demonstrates that though the core ideas of a framework such as Scrum are valu-
able, it should be treated as a framework, meant to be adapted to the purposes
of a given team and that every practice may not be applicable to every team in
the same way.

6 Conclusion

In this study we identified two methods for adopting agile in an organisation,
the big bang and gradual adoption.

With the big bang approach, teams adopt the entirety of an agile framework
such as Scrum in order to learn the rituals and their value. Participants who had
more extensive experience with agile, such as P5, P9, P10, and P11 favoured this
up-front style. While this practice often has an initial productivity hit, it gives
teams a solid foundation to build upon from there on.

Meanwhile, through the gradual adoption approach, teams seek to introduce
specific agile practices one or a few at a time, typically beginning with iterations,
stand-ups and/or retrospectives. Over time, more are introduced as the team
feels they need them. Those interview participants, like P2, P8, P12, P13, and
P14, who were somewhat new to agile themselves preferred this approach as
they felt it was more manageable to learn.

Adoption, moving from non-agile to agile methods, is not the end of the agile
journey. We found that teams then embark on a process of continuous improve-
ment where they iteratively improve upon their current set of agile practices,
adding, removing, or modifying them as need be to better suit the particular
needs of their work and environment. In addition to assessing their work, teams
also assess how they work, gathering feedback on the process they employ to
understand what works well and what doesn’t, with a view to addressing any
shortcomings or taking advantage of opportunities for learning and improvement.
As team members gain more experience with their practices, they become more
receptive to further changes and more capable of contributing to and driving
those changes.

More experienced teams typically favour autonomy in their work, flexibility
in their methods, and a need to assess and update them over time. They seek to
ensure their practices are a good fit for their work, often picking up other ideas
or making incremental improvements, rather than trying to force their work to
adhere to their established practices. Teams appreciate that an established and
well-honed set of practices helps align team members towards the same goals
and keep everyone on track.

Future research could explore how the style of adoption (big bang vs gradual
transition) impact how team capabilities develop and how quickly, or take a



Agile Practices: Adoption and Evolution 17

closer look at how exactly teams go about assessing their needs, defining their
goals and then adapting their practices to suit their work.
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Abstract. The popularity of agile methods is constantly increasing.
Information and feedback on how these frameworks were adopted can
easily be found in academia and industrial knowledge bases. Such a col-
lective experience allowed the development of many approaches in the
aim of simplifying the adoption process and maximizing the chances of
success. These approaches provide practitioners with guidelines to help
them find the practice that suits their team best. Nonetheless, these
approaches are not systematic and practitioners need to go through a
long process. For instance, they need to identify the important situa-
tional factors that can have a positive/negative effect on the agile practice
adoption. Available experiences thus require lots of effort to be discov-
ered. This research proposes an agile methods knowledge representation
using an ontology so that the knowledge and experience on agile adop-
tion reported in literature may be reusable and systematic. Based on this
model, added knowledge and inference rules, practitioners will system-
atically be able to decide which practice to select and adopt, i.e, for a
given goal, practitioners can retrieve which practices to achieve; from a
situation, teams can tell what can be harmful and what can be useful
for adopting a practice or what problems they may encounter; etc.

Keywords: Agile methods · Agile practices · Ontology ·
Knowledge representation · Real case study

1 Introduction

Agile methods have been increasingly adopted by the software development
industry (and others) due to their flexible features that allow to better han-
dle the changes in requirements, to improve team’s productivity and align to the
business needs. As no method can be a one-size-fits-all, software development
teams adopt agile methods differently, i.e., depending on their specific problems,
resources, goals or expectations [4]. Many empirical studies of agile methods
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adoption have been published every year. The result from the Systematic Liter-
ature Review (SLR) in [5] points out that, in the methodological aspects used
on agile methods tailoring research, 66.1% of their selected papers were empiri-
cal research. A simple search, also, in SpringerLink for “Daily Meeting” to this
day, allows finding 1186 articles with 173 in the software engineering sub disci-
pline. Some research papers describe their proper experience in deploying agile
in their own organization, while some others discuss it based on empirical evi-
dences collected from multiple cases. Those papers aim to share knowledge such
as problems encountered, lessons learned, solutions found, etc., so that others
can learn how to choose the right practices and avoid failures.

These experiences are extremely important and useful, yet time-consuming
to collect and classify. Let us imagine that a development team aims to achieve
a particular goal. How would they know which practices would help them to?
In addition to “goal” to achieve, several variables have to be considered such as
situation, project, budget, etc. which can also constrain the selection of a prac-
tice. Since the development process is complex and requires lots of effort, many
teams decide recklessly to adopt specific agile methods or practices which are
popular without considering any context-specific factors resulting in numerous
agile adoption failures in the end [10].

To make the knowledge and experiences of the previous empirical studies
easily accessible, [8] introduces a structured repository of Agile Method Frag-
ments (AMF). This knowledge repository has been gathered through a system-
atic review of empirical studies on agile methods. For each AMF, the repository
entry states the objectives the AMF aims to contribute to, and a set of requisites
needed for its success. On top of that repository, the same authors also proposed
a framework for evaluating the suitability of candidate method fragments prior
to their adoption in software projects [9]. By linking (with contribution links such
as help/harm) the situational factors to the requisite, practitioners can find out
whether or not they have the chance to succeed with that practice adoption.
Even though the repository and the framework can help practitioners to save
much effort in understanding agile practices and their suitability, it is yet inef-
ficient and not systematic enough. In order to use this framework, practitioners
are expected to know what the situational factors affect the adoption. In addi-
tion, they have to figure out by themselves what parts are considered as helpful
or harmful to the requisites and practices.

We argue that a better and efficient solution would be a system which can
list out goals achieved by a practice, problems that may be encountered from
a given situation and what the team needs to do to solve/avoid problems etc.
The answers given by the system to these questions must be generated from
the previous experiences of agile practitioners. This paper proposes using an
“Ontology” to represent and store all these knowledge items of agile methods
or practices adoption, reported in literature. Our goal is to make the existing
experience reusable in a systematic manner.

This paper is organized as follows. Section 2 presents the research protocol
we applied to achieve our research objective. Section 3 provides the detail of
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our ontology creation as well as the final ontology model in the form of a UML
class diagram. Next, Sect. 4 provides the inference rules we have created for our
ontology. The procedure of collecting case studies is described in Sect. 5. Section 6
provides an illustrative example of how to use our ontology when adopting an
agile practice in a systematic manner. Finally, we conclude, discuss the limita-
tions of and elaborate on future research directions of the paper in Sect. 7.

2 Research Methodology

Figure 1 depicts the research protocol we applied. We started by building the
ontology which basically follows the methodology proposed in [17]. It consists of
seven steps: (1) Determining the domain and scope of the ontology, (2) Consider-
ing reusing existing ontologies, (3) Enumerating important terms in the ontology,
(4) Defining the classes and the class hierarchy, (5) Defining the properties of
classes slots, (6) Defining the facets of the slots, and (7) Creating instances.
The description of each step can be found in [17]. Due to limited space here,
we merged step 4, 5 and 6 in Fig. 1. We, however, followed those three steps to
create our ontology.

Since we need data from real case studies to build an evidence-based ontology
for agile methods adoption, the process for collecting real case studies is also
included into our research protocol. These case studies allow us to enumerate
extra concepts and relationships and it also serves as data input for knowledge
creation. The process of building our ontology is iterative and incremental [17].
It means that each case study from data collection was fed into the model for
revising and refining the model. We repeated steps 3 to 7 until obtaining a
consistent model which fits well with a representative amount of selected case
studies (see Sect. 3). Two additional steps follow: Building Inference Rules (see
Sect. 4) and Validation Scenario (see Sect. 6). The former aims at systematically
discovering more relationships and the latter aims at providing a feasibility study,
as a validation case of our approach.

3 Building the Agile Methods Ontology Model

This section describes how our ontology was built. As mentioned earlier, we
started with determining the domain and scope of our ontology. We then discuss
about existing ontologies, followed by how we enumerated terms to build our
model. Next, we present our ontology model in the form of a UML class diagram.
Finally, we describe how to insert the knowledge into the model.

3.1 Determining the Domain and Scope of the Ontology

The scope of the ontology presented here is limited to concepts, relationships and
knowledge extracted from experience reported in research papers about adopting
agile methods or practice for software development project. We aim at demon-
strating the advantages of using the ontology for helping agile practitioners in
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Fig. 1. Research protocol.

selecting and adopting agile practices in a systematic manner. Our preliminary
study focuses on using the ontology to represent the knowledge and answer the
following questions:

– Q1: What objectives/goals can be achieved by an agile practice?
– Q2: What agile values and principles can be achieved by adopting a practice?
– Q3: What activities are part of a practice and need to be performed by the
team?

– Q4: What are the requisites to successfully adopt a practice?
– Q5: What can be harmful when adopting a practice?
– Q6: What can be useful when adopting a practice?
– Q7: What kind of problems may a team encounter?
– Q8: What can be the solutions to a problem?
– Q9: What roles or responsibility distribution are needed for each practice?
– Q10: What are the artifacts required for a practice?

Before building the ontology, we also considered reusing existing ones which
can be found in specific libraries such as COLORE [6], DAML [2] and Protégé
[3]. However, as mentioned, none of them is related to agile practices selection
or adoption. We thus needed to build the model from scratch.
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3.2 Enumeration of Important Terms

Three main resources help us to enumerate important terms in the ontology:
(1) the repository proposed in [8], (2) the influence of the agile manifesto over
agile practice selection studied in [13], and (3) the real case studies collected in
research community (see Sect. 5).

We must admit that the repository proposed by [8] has inspired us in creating
this ontology model. In their repository, each agile method fragment is linked to
the objectives/goals it aims to contribute to and a set of requisites needed for
its success. Then, the suitability of each fragment is linked to the situation of
the team. For example, based on their repository, the goal of conducting “Daily
Meeting” is to improve “Quality of Communication” and to conduct “Daily
Meeting” successfully, it requires an “effective meeting”. An “effective meeting”
is suitable for the team that has a “highly available Scrum Master”. Even though
[8] does not give any clear definition of the concept “agile method fragment”,
based on our understanding from data in their repository, the authors refer this
concept to “agile practice”. Therefore, we use the term “practice” in our research.
From these, we gathered some terms, which will then become classes, including:
practice, goal, requisite and situation.

In [13] shows the importance of agile manifesto, i.e., agile values and princi-
ples, in adopting agile methods, and in [12] explains its relationship with prac-
tices. Understanding the agile manifesto allows us to know why we want to adopt
an agile practice. In other words, adopting a practice can achieve the goals of
adopting agile methods defined in the agile manifesto. For instance, to achieve
the principle “The most efficient and effective method of conveying information
to and within a development team is face-to-face conversation”, “Daily Meeting”
is a suitable practice. In addition, by knowing what agile value and principle a
team can achieve, they can measure their level of agility. Thus, we added value,
and principle to the model.

Practice, goal, requisite, situation, value, and principle are the starting
terms of our ontology creation. Then, to be able to answer to the questions
in Sect. 3.1, we refined our model based on the result from the case studies.
Activity, problem, solution, role and artifact are thus the extra classes we
added to store the extracted information. To differentiate each case study, we
added another class Team and linked to goal, practice, situation, problem,
activity and solution.

3.3 Class and Relationship

After enumerating all the terms and incremental refinement, we built the ontol-
ogy model with Protégé1. The final model is illustrated as a UML class diagram
in Fig. 2. We describe the main concepts and relationships as follows:

– Value: refers to the agile values as defined in the agile manifesto. Based on
[12], agile value is contributed by the principle;

1 https://protege.stanford.edu/.

https://protege.stanford.edu/
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– Principle: refers to the agile principle as defined in the agile manifesto and
it contributes to agile value;

– Goal: is the objective that belongs to a team in adopting agile methods. A
goal can be achieved by conducting agile practices and achieving this goal can
contribute to the agile principle or another goal;

– Practice: refers to an agile practice. It is adopted by the team, is composed
of activities and allows the team to achieve the goal. Conducting a practice
may require a requisite and it can also encounter a problem;

– Team: refers to a software project team that has a specific situation and
goal. They adopt agile practice and perform activities as part of a practice.
While conducting an agile practice, a team may encounter a problem and, as
a result, may propose a solution;

– Situation: is the state that belongs to a team which can affect practice adop-
tion as it can help or harm the requisite of a practice. In our case, only
the situations listed in [5] are taken into account. They are Project type,
business goals, complexity, team size, technology knowledge, user availability,
requirements stability, organization size, culture, team distribution, manage-
ment support, degree of innovation, previous projects, maturity level, domain
knowledge, project budget, communication and type of contract ;

– Activity: is performed by a team as part of the practice. For instance,
“15 min meeting every morning” is a part of the “Daily Meeting”. Performing
an activity can cause a problem, help or harm a requisite and it may also
require a role or artifact;

– Requisite: is the condition which is particularly required by a practice in
order to successfully adopt it. For instance, conducting a “Daily Meeting”
requires “ease of communication” and “everyone’s participation”. The requi-
site can be helped or harmed by team situation or activity. It can also require
a role, artifact or other requisites;

– Problem: is the problem faced by team and practice while adopting a prac-
tice. For instance, one of the problems faced by a team described in [20]
when adopting “Daily Meeting” was “starting promptness as the meetings
did not start on time”. Problem can be caused by a situation, activity or
other problem. Some problems can be solved by the solution;

– Solution: is the solution proposed by team in order to solve the problem. It
may require a role or artifact;

– Role: is the role required by or responsible for an activity, solution or requi-
site;

– Artifact: it is the artifact required by an activity, solution or requisite.

The relationships described above are only those made between classes which
were manually built. In the ontology, we can discover more of them from rea-
soning using inference rules. They are listed in Table 2 (Sect. 4).

Class Hierarchy: One of the decisions to make during modeling is when to
introduce a new class or when to represent the distinction through different
property values [17]. For instance, there are seventeen different types of Situa-
tion; in line with [17], since each type has a different effect to the Requisite,
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we thus create a subclass for each of them in our ontology model. To simplify
the representation, we excluded these 17 sub-classes from Fig. 2.

Property: There are two types of property: data property and object property.
Data property links individuals–i.e., instances and data values. Object property
links individuals and individuals. Both links are built in the form of “Domain -
data/object property - Range”. For instance, the link “Practice - Name - String”
means that, data property Name has Practice as domain and String as range.
Another example, “Practice - Achieve - Goal” has Practice as the domain and
Goal as the range of object property Achieve.

Every class in our model has only two data properties–i.e., Name and Descrip-
tion. They are the only common things to describe each class by agile practition-
ers. Their type is String. The domain and range of each object Property were
built based on their relationships as in Fig. 2.

3.4 Instances Creation

In this section, we explain how data extracted from real case studies were inserted
into our ontology. For illustration, we take a partial data extracted from a
selected paper ([20] in the references at the end of the paper). The paper is
about a case study of a software development project having three distributed
teams – two are located in Norway and the other one is located in Asia. All
teams have used Scrum with all the recommended practices for more than two
years. Based on their experience, having distributed team causes some problems
while conducting “Daily Meeting”, such as starting promptness and information
distribution.

To insert knowledge into the ontology we need to (1) analyze the description
to know what should be created as individuals and in which class, (2) create
individuals, and after that (3) connect the individuals by adding the data and
object property to each individual. Table 1 shows the individuals and links we
created for this case.

Table 1. An instance creation based on a case study.

Class name: individual Object property Class name: individual

Team:team1 Have Situation:Distributed team

Team:team1 Have Situation:2 years agile experience

Team:team1 Adopt Practice:Daily meeting

Team:team1 Encounter Problem:Starting promptness

Team:team1 Encounter Problem:Information distribution

Practice:Daily meeting Encounter Problem:Starting promptness

Practice:Daily meeting Encounter Problem:Information distribution

Situation:Distributed team Cause Problem:Starting promptness

Situation:Distributed team Cause Problem:Information distribution
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4 Building Inference Rules

Inference is one of the techniques to improve the quality of data integration by
discovering new relationships, automatically analyzing the content of the data,
or managing knowledge [1]. A simple example of the inference can be: If a taxi
driver must be an adult; so if someone is a taxi driver then she/he must be an
adult. Another simple example related to agile practice can be: if a team adopts
a practice and that practice achieves a goal, we can infer that the team achieves
that goal.

It is possible to build any relationship directly in the ontology but this will
only weight down and complicate the model. Also, without the inference rule, we
cannot discover any relationship between instances more than what we manually
insert. That is not the efficient way of using knowledge. Therefore, if a relation-
ship can be discovered by reasoning, we use the inference rule. Table 2 lists all
the inference rules we have built in our ontology to discover more relationships
in order to answer the questions in Sect. 3.1.

Similarly to ontology creation, there are different ways in writing inference
rule. For instance, “If a problem is caused by an activity and that activity is part
of a practice → that practice encounters that problem” can be written as “If a
practice is composed of an activity and that activity causes a problem → that
practice encounters that problem”. However no repetitive inference rule should
allow answering the same question.

5 Case Studies Data Collection

Following the procedure of ontology creation, we need to repetitively create the
model and feed the data to see whether or not it can represent the knowledge
we want to use in the future. Actually, there is no way to validate the model
because new case studies keep coming in and the model can always be improved
over time. The best we can do in this paper is to feed a good amount of case
studies and try to answer our predefined questions.

We decided to take ten different case studies. For diversity, we took two
cases for each of the five most commonly used agile practices based on the 12th

VersionOne agile survey. They are Daily stand-up, Sprint/iteration planning,
Retrospectives, Sprint/iteration review, and Short iterations and release planning.

To collect the documents that report about applying a specific agile practice
in real projects, we basically followed the steps for conducting SLR described in
[13]. We briefly describe those steps hereafter:

– Keyword: Even though we only took two cases for each practice, we tried to
retrieve all the papers related to each practice adoption to check and select
the best two. Keywords are thus the name of each practice, which are “daily
standup”, “sprint planning OR iteration planning”, “retrospectives”, “sprint
review OR iteration review”, “short iterations” and “release planning”.
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Table 2. Inference rules for answering questions in Sect. 3.1.

Question Inference rules

Q1 R1 : If a practice is composed of an activity and that activity achieves
a goal → that practice achieves that goal.

Q2 R2 : If a practice achieves a goal and that goal contributes to a
principle → that practice achieves that principle.

R3 : If a practice achieves a principle and that principle contributes to
a value → that practice achieves that value.

Q2 Can be discovered with direct relationship.

Q4 R4 : If a practice requires a requisite and that requisite is helped by
another requisite/situation/activity → that practice requires all of
that requisite/situation/activity.

Q5 R5 : If a situation/activity harms a requisite and that requisite is
required by a practice → that situation/activity harms that practice.

R6 : If a team has a situation and that situation harms the requisite
→ that team harms that requisite.

R7 : If a team performs an activity and that activity harms the
requisite → that team harms that requisite.

Q6 R8 : If a situation/activity helps a requisite and that requisite is
required by a practice → that situation/activity helps that practice.

R9 : If a team has a situation and that situation helps the requisite
→ that team helps that requisite.

R10 : If a team performs an activity and that activity helps a requisite
→ that team helps that requisite.

Q7 R11 : If a practice is composed of an activity and that activity causes
a problem → that practice encounters that problem.

R12 : If a team performs an activity and that activity causes a
problem → that team encounters that problem.

R13 : If a team has a situation and that situation causes a problem
→ that team encounters that problem.

R14 : If a team encounters a problem 1 that causes another problem 2
→ that team encounters the problem 2.

Q8 Can be discovered with direct relationship.

Q9 R15 : If a person is responsible for an activity → that person is
required for that activity.

Q9& Q10 R16 : If a practice is composed of an activity and that activity requires
a role → that practice requires that role.

R17 : If a team performs an activity and that activity requires a
role/artifact → that team requires that role/artifact.

– Search Engines: We took the formal data from well-known digital libraries
in the field of software engineering: IEEEXplore, ScienceDirect, ACM Digital
library and SpringerLink. We set the publication years to between 2000 and
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2018, the field to Software Engineering, and the search terms matching title
of the paper, keywords or abstract.

– Selection Criteria: With a big list of papers related to each practice, we did
an abstract screening then a full-text screening with the following criteria:

• Empirical study or research study with case study validation related to
agile methods or agile practices usage or adoption;

• Paper that has a significant discussion related to the keyword practice.
As the result, it must describe the usage experience and/or the lesson
learned and/or the problem and/or the challenge and/or the solution to
the problem;

• Paper with a good description of team situations and goal.
– Data Extraction: We extracted data based on the questions defined in

Sect. 3.1. Basically, we tried as much as we could to extract the following
information from each paper: goal, activity, requisite, situation, prob-
lem, solution, role and artifact.

While many of them meet the criteria, we decided to choose the two most
descriptive cases, the ones which can answer best the questions in Sect. 3.1. They
are Stray, et al. [20] and Moe and Aurum [15] for Daily meeting, Berteig, M.
(2008) and Ochodek, M. & Kopczyńska (2018) for Short iteration, Gregorio
[11] and Moe, et al. [16] for Sprint planning, Maham [14] and Paasivaara and
Lassenius [18] for Sprint retrospective, and Santos [19] and Eloranta [7] for
Sprint review.

6 Feasibility Study

Once the ontology model was built, and knowledge and inference rules added,
the model is ready to be used. In this section, we provide an illustrative example
of how to use our ontology when adopting an agile practice in a systematic
manner.

As an illustrative scenario, consider an agile software development team
which is assigned to develop a mobile application. The team has the follow-
ing situation: (1) Some of team members are new and others have an extensive
experience with mobile application development. (2) The team is working in two
locations and only one team has direct access to their clients. (3) All of them
are neophytes to distributed development. (4) Some of them are new to agile
methods and others have been developing some projects with Scrum for a few
years. The team decides to use Scrum. The Scrum Master understands that bad
communication can cause some problems in adopting “Daily Meeting”. There-
fore, his goal is to make communication effective. He is wondering if there are
reports or documents discussing about the problems related to communication
encountered by a distributed team when adopting “Daily Meeting”. What are
their solutions for addressing these problems? Such information is very useful for
the Scrum Master and may inspire him to adopt “Daily Meeting” successfully.

With the same Protégé Tool only requires four simple steps in order to get
the answers. (1) Creating a new individual to represent development team, (2)
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Table 3. Relationship in ontology format for feasibility scenario.

Class name: individual Object property Class name: individual

Team:TestTeam Have Situation:Distributed team

Team:TestTeam Have Situation:2 years agile experience

Team:TestTeam Have Situation:No agile experience

Team:TestTeam Have Situation:User hardly available

Team:TestTeam Have Situation:No domain knowledge

Team:TestTeam Have Situation:Experience in technology knowledge

Team:TestTeam Have Situation:Virtual communication

Team:TestTeam Have Goal:Quality of Communication

Team:TestTeam Adopt Practice:Daily meeting

connecting their team individual with the existing individuals which match the
team’s situation and goal, (3) executing the reasoning to get all the individuals
linked to the team, (4) using query to get more answers to the question described
in Sect. 3.1.

With the above scenario, we created individual “Team:TestTeam” to repre-
sent the development team. Then, we linked TestTeam to different individuals
based on the team’s situation and goal as in Table 3.

Next, we started the reasoner to discover more individuals linked to the
TestTeam. At once, all the inference rules in Table 2 were executed. Among
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Fig. 3. Case result: problems encountered by team.
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these 17 rules, R6, R7, R9, R10, R12, R13, R17 are related to the Team. That
is why, from the individual TestTeam, the Scrum Master can have the answers
related to problems that his team may encounter and to the situation of the team
that helps and harms the requisite of the “Daily Meeting”. Figure 3 exposes the
result from the reasoning. As expected, the TestTeam may encounter multiple
problems since its situations are harmful for the requisite as well as the “Daily
Meeting”.

Since Solution is not linked to the Team, in order to get answers, it requires
to run a query. In our case, we used SPARSQL. The query and result shown in
Fig. 4 are the solutions to the problem that the TestTeam may encounter. As
an example, two solutions may address the problem “Information distribution”.
They are “Rotate scrum master role among the team members” and “Pass a
token”. More answers for the ten predefined questions in Sect. 3.1 can be found
at https://goo.gl/sSBAZo.

Fig. 4. Case result: proposed solution.

7 Conclusion and Future Work

In this paper, we presented the creation and uses of an ontology to support
knowledge representation aiming at recycling agile adoption experience. It has
been built on the basis of knowledge extracted from empirical evidence reported

https://goo.gl/sSBAZo
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in existing literature. Seventeen inference rules have been added to systematically
discover more relationships among concepts in our ontology.

Through knowledge representation, practitioners using it dispose of a tool
to systematically and effectively support their own agile adoption. By using
Protégé, in just four simple steps, they can systematically answer common ques-
tions related to the selection and adoption of a particular agile practice. Exam-
ples include determining what goal can be achieved by adopting a practice; what
can be harmful and what can be useful for adopting a practice into a particular
situation; what problem may be encountered and what does the team need to
do to solve/avoid that problem, etc. To get answers, agile practitioners simply
need to select the existing situations in the model that match their own. In
addition, as the answers are generated from previous experiences, they would be
very helpful and pragmatic.

The main limitation at this stage of this research concerns the handling of
conflict situations. For instance, the feasibility scenario allows team members to
be neophyte or expert in agile methods. In this case, our model cannot make a
conclusion for such a mixed situation. It can only tell what is helpful and what is
harmful about each situation independently. Another limitation concerns the fact
that some of the answers cannot be generated by the reasoning – i.e, the model
cannot provide what situations are considered as harmful if agile practitioners
choose to adopt a specific practice. It will list all the problems caused by the
situation regardless of the practice adopted by the agile practitioners. Getting
such answer requires using a query too complex for agile practitioners in learning.
Finally, the included knowledge is still limited; with only ten case studies, there
are situations which the model cannot answer.

For addressing the limitation, we plan to add more knowledge into our ontol-
ogy in the near future. Within the SLR process, we selected in total more than
100 case studies for the five most commonly used practices. We hope to improve
our model by adding not only these knowledge but also additional inference
rules. Moreover, we also plan to build a user friendly Computer-Aided Software
Engineering (CASE) Tool available for agile practitioners for using and encoding
knowledge themselves so that the knowledge base would be increased. Finally, a
real experimentation with agile software development teams will be conducted
to get their feedback on the usefulness of our approach.
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Abstract. Motivation: How immature teams can become agile is a ques-
tion that puzzles practitioners and researchers alike. Scrum is one method
that supports agile working. Empirical research on the Scrum Master role
remains scarce and reveals contradicting results. While the Scrum Mas-
ter role is often centred on one person in rather immature teams, the
role is expected to be shared among multiple members in mature teams.
Objective: Therefore, we aim to understand how the Scrum Master role
changes while the team matures.
Method: We applied Grounded Theory and conducted qualitative inter-
views with 53 practitioners of 29 software and non-software project teams
from Robert Bosch GmbH.
Results: We discovered that Scrum Masters initially play nine leadership
roles: Method Champion, Disciplinizer on Equal Terms, Coach, Change
Agent, Helicopter, Moderator, Networker, Knowledge Enabler and Pro-
tector. They transfer some of those roles to the team while it matures.
The Scrum Master provides a leadership gap, which allows team mem-
bers to take on a leadership role.
Conclusion: The Scrum Master role changes while the team matures.
Trust and freedom to take over a leadership role in teams are essential
enablers. Our results support practitioners in implementing agile teams
in established companies.

Keywords: Agile teams · Scrum Master role · Maturity

1 Introduction

Recently, more and more organisations implement agile teams. Yet, it is not
entirely clear how to become agile. At present, a very popular agile approach
is Scrum [21]. Scrum proposes the role of the Scrum Master who takes on a
team leadership role [18]. The Scrum Master is considered to be a facilitator of
the Scrum process and enables a team to work in a self-organised and cross-
functional way. Furthermore, the Scrum Master protects the team from external
disruptions [21].
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Yet, empirical research on Scrum teams found that the Scrum Master some-
times acts as a barrier to teams becoming agile in early stages. The reason is that
Scrum Masters tend to stick to a command-and-control mode [18]. In contrast,
teams applying agile methods for three years on average appear not to struggle
with the Scrum Master and are even supposed to share the leadership role [20].

These diverging results could be explained by changes in the maturity of agile
teams. A team learns how to be agile while undergoing different maturity stages
[12]. Hence, agility of a team is a process that unfolds over time [24]. Yet, to the
best of our knowledge, there is no empirical analysis of the changing leadership
role of the Scrum Master during the agile journey.

To be able to support organisations in the agile transformation, our research
objective is to explore the Scrum Master role and how the role changes while
the team matures. We believe investigating the changing leadership role of the
Scrum Master will provide valuable insights into how teams can become agile.

We collected data in 11 business divisions of the conglomerate Robert Bosch
GmbH, primarily operating in the automotive industry. We applied Grounded
Theory [10] and conduced qualitative semi-structured interviews with 53 Scrum
practitioners from 29 different software and non-software project teams that had
applied Scrum over a period of three months up to three years.

We help practitioners in understanding how the Scrum Master can enable a
team to become agile in an established company by providing empirical insights
on the agile transformation at Robert Bosch GmbH. Applying Role Theory
[1,14], the 53 interviews revealed that Scrum Masters incorporate nine different
roles which they transfer to the team while it matures. We further introduce
the concept of a leadership gap into research on agile teams which enables team
members to take on a leadership role themselves. Hence, we conclude that the
Scrum Master role changes while the team matures.

2 Related Work

Several authors describe agile teams as being empowered to work in a self-
organised and cross-functional manner and that those teams continuously learn
and adapt to changing conditions [5,23]. Cross-functionality implies to under-
stand each other’s roles and domains within one team and to be able to work
with each other due to a shared understanding [14]. Self-organisation indicates
that teams enjoy a high level of freedom considering how to do their work [4].
It is no longer the supervisor who assigns tasks to individuals but the team
members themselves assign tasks to themselves [4]. If Scrum teams are led by
command-and-control, e.g. members cannot chose their tasks, agility will not
materialise [7,14].

Empirical research on the concept of a Scrum Master shows conflicting results
regarding the Scrum Master behaviour. Moe et al. [18] find that team members
rarely take over responsibility, while Srivastava and Jain [20] arrive at the con-
clusion that all team members should be able to take on the Scrum Master
role. Moe et al. [18] observed the implementation of agile methods within one
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Scrum team over a period of 9 months. They found that the Product Owner
and the Scrum Master tend to take over a leadership role most of the time.
They describe how a Scrum Master posed a barrier to self-organisation: The
person started to control team members which made them stop revealing their
impediments and, as a consequence, resulted in weak team leadership and lack
of trust. The authors also describe, however, that team leadership improved over
time in such a way that more and more team members took over responsibility.
Srivastava and Jain [20], who investigated teams that had been working in an
agile way for three years on average, outline that the aim of an agile team is to
lead themselves. However, they refer to Carson et al. [2] and acknowledge that
taking over responsibility in a Scrum team is a process that unfolds over time
due to a shared purpose, social support and voice.

How to evolve from an immature team to a mature one and which role the
Scrum Master plays in this journey is yet not clear. We have not found any
empirical study on the Scrum Master that specifically examines how the Scrum
Master role changes while the team matures.

Cockburn [3] refers to the Japanese philosophy of Shu-Ha-Ri and describes
Scrum as a maturity model for agile adaption. Likewise, Gren et al. [12] state
that depending on the maturity level of a team, team members practice agile
work differently. In the introduction of his doctoral research, Gren [11] suggests
that leadership should adapt to different maturity stages of agile teams. He refers
to Situational Leadership Theory [13,17] and claims that leaders of agile teams
need to demonstrate more monitoring at an early stage but can delegate tasks
at a later stage of team development. Hoda et al. [16] examine both mature and
immature teams and discover six different self-organising roles. They claim that
roles can be transferred from formal role keepers in rather immature teams to
any team member with the right set of skills in more mature teams.

Since the Scrum Master role has been shown to either display command-
and-control behaviour of one formal role keeper in an immature team [18] or has
been suggested to be played by multiple group members in mature teams [20],
we believe that the Scrum Master role can be transferred from one individual to
distinct team members while the team matures. Yet, this transfer has not been
empirically investigated.

3 Study Design

3.1 Research Question

Our research objective is to understand the changing leadership role of the Scrum
Master in an agile team over time.
RQ1: Which roles does the Scrum Master play in an agile team?
RQ2: In which way do team members take on the Scrum Master role over time?
RQ3: How are roles transferred from the Scrum Master to the team members?
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3.2 Context and Subject Selection

We chose Grounded Theory because this method is applied in research fields
with scarce knowledge and it aims at generating new theory on social interac-
tion between actors [10]. Furthermore, this method increasingly gains popularity
among researchers to investigate human aspects of agile working [15]. Since it
is an interpretative approach the research question should be embedded in the
specific context under study [10].

We conducted this study at Robert Bosch GmbH. The Robert Bosch GmbH
employs more than 410,000 people in 60 different countries worldwide. The com-
pany history dates back to 1886 and can therefore be classified as an established
company. The conglomerate is active in four different business areas: mobility
solutions, industrial technology, consumer goods as well as energy and build-
ing technology. Each business area consists of various subsidiaries and business
divisions. Therefore, market conditions and subcultures vary wildly.

While the agile transformation used to be a central project, now each division
is responsible for its own agile transformation. Even though there exist a role
description for a Scrum Master behaviour, there is neither an obligatory training
nor a general rule regarding the Scrum Master. Each team can decide on its own
how to train the team and Scrum Masters in the agile way of working. For
example, they could book a training internally or externally of the company or
not book a training at all.

Two authors have direct access to the field. We collected data on the topic
between June 2017 and November 2018. We identified Scrum practitioners either
via our personal network or via intranet and first contacted them by email. We
conducted interviews according to availability and willingness to take part.

We collected data from 11 business divisions which have slightly different
subcultures. Most divisions were active in the automotive industry, while oth-
ers produced domestic appliances and gardening tools. Interviewed teams stated
that they apply the method Scrum mostly in modified form, e.g. w.r.t. the reg-
ularity of Scrum meetings. All Scrum Masters were without disciplinary power,
responsible for the Scrum process and in charge of team development. Most
practitioners of the company call the Scrum Master role Agile Master, indicat-
ing that this role should adapt to the specific team, rather than sticking to the
Scrum approach by the book. Thus, we consider the sample fitting to examine
maturity and the changing Scrum Master role.

In total, our data includes 22 Scrum Masters, 8 Product Owners and 23 team
members from 14 software development and 15 non-software project teams. The
size of teams ranged from 5 to 12 members and often included diverse national-
ities. Since the age of teams stretched from three months up to three years, we
expected the maturity of teams to vary. To respect participants’ confidentiality,
we cite them by SM (Scrum Master), TM (team member) and PO (Product
Owner).
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3.3 Data Collection and Analysis Procedure

The research problem should be allowed to emerge during the study while collect-
ing data at the research field [10]. We observed Scrum events, such as the daily
stand-up, review, planning and retro, of various agile teams and conducted three
rounds of qualitative interviews. To identify a focus topic, the authors first con-
ducted unstructured interviews with practitioners to discover which focus topic
related to leadership in agile teams would be interesting to be explored. The
interviews revealed that Scrum Masters struggled with empowering the team for
self-organisation, while some practitioners also reported that self-organisation of
agile teams improved over time.

In a follow-up study we conducted semi-structured face-to-face interviews of
45 min on average. Interviewees were asked about their personal experiences on
agile projects with a focus on the Scrum Master role and what they had learned
since they had started to apply the Scrum method. The guiding questions are
available online [19].

Interviews were audio-taped and transcribed. We coded the collected data by
applying Glaser’s Grounded Theory [10]. We openly coded transcripts sentence-
by-sentence and aligned codes that appeared to be alike to one concept. We con-
stantly reflected those concepts critically. We aligned concepts if they appeared
to be alike to build categories [10].

We identified multiple activities (concepts) the Scrum Masters claimed to do
to support the Scrum teams and further aligned the different activities to nine
roles (categories).

One bundle of concepts described one category. For example the category
change agent contained the concepts serving as a role model, changing habits,
and convincing project teams of the agile way of working.

Grounded Theory follows an iterative approach in which each step deter-
mines the next step to be taken during the research [10]. Previous interviews
had revealed that the Scrum Master role had changed over time and that team
members started to take over more responsibility. Drawing on theoretical sam-
pling [10], we conducted a third round of interviews where we approached the
Scrum Master role additionally from the team’s perspective and addressed teams
as a whole. This showed that team members of rather mature teams also had
learned to play some of the Scrum Master roles.

Additionally, Scrum Masters explained that they gradually lead the team less
and also that sometimes they would empower the team by doing nothing at all,
which we labelled leadership gap. Through constant comparison [10] of various
interviews and observations we identified nine different Scrum Master roles and
developed a substantive theory [10] which we labelled the role transfer process.

3.4 Validity Procedure

At the beginning of each interview, participants were informed about the purpose
of this study and assured of confidentiality, so as to receive open and honest
responses.
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The majority of participants spoke openly, also about their personal concerns
what was not working well in their organisation or in their agile team. There
were three people from three different teams whose overly positive statements
did not match with the comments on the same topic from other interviewees of
the very same team. Since the authors could not be sure whether social response
bias applied or the interviewees were really overly positive people, those three
participants were excluded from the sample.

4 Results

Our first two research questions aimed at understanding which roles the Scrum
Master plays in an agile team (RQ1) and in which way team members take on
the Scrum Master role over time (RQ2).

We identified a set of nine different roles that Scrum Masters played.
While some teams reported that the leadership roles were rather centred on the
Scrum Master, other teams revealed that the Scrum Master role had changed
over time. In the latter cases, team members started to take over some of
the roles themselves and the Scrum Masters reduced the extent to which they
played those roles. In the following Sect. 4.1 we will describe the nine Scrum
Master roles. Each role description is divided into three parts:

1. Description of the role in general (RQ1)
2. How the Scrum Master played that role (RQ1)
3. How team members took over that role after some time (RQ2).

4.1 Nine Scrum Master Roles

Role 1: Method Champion. Organises meetings and get-togethers, teaches
the method, supports formulating tasks and setting goals, visualises information,
and discusses how to adapt the method during the retrospective.

Scrum Master: A large majority of Scrum Masters mentioned the method to
be their main task when working with agile teams. Many emphasised that they
continuously helped the team to adapt the method to their specific context.

Team: In newly established agile teams, members rather waited until the Daily
Stand-Up to speak about issues with each other. Over time, teams started to
speak with each other right away when an issue occurred. Some teams stated
that the Scrum Master had initially organised team events but after some time
the team members organised such events themselves. Also, two teams explicitly
stated that their team visualised information on a board on their own initiative
and that this was the way they learned and exchanged knowledge.

Role 2: Disciplinizer on Equal Terms. Supports the team to keep to the
rules, ensures that the team focuses on relevant topics and makes sure that team
members attend the meetings. Discipline is accomplished via communication
on a par. Interaction on equal terms creates non-hierarchical spaces which are
important to speak openly with each other.
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Scrum Master: Initially, some team members were reluctant to follow the Scrum
process. When the Scrum Master insisted on discipline, however, such as only
talking for a certain amount of time during the daily or to follow up on measure-
ments they had agreed on during the retrospective, the team members started
to see the benefit. It is important to note that discipline was described to focus
on the Scrum process, not on direct control of team members. If individuals were
controlled directly, they reported to loose sense of responsibility.

Team: Over time, team members learned to focus and prioritise their own work.
For example, team members reported to only do one thing at a time and not
everything at the same time as they used to do in the past, or they stopped their
peers from endless discussions.

Role 3: Coach. Observes team members and uncovers which kind of behaviour
is missing in a team to improve teamwork, provides feedback, and helps teams
to find out what they wish to change and how to do so.

Scrum Master: Scrum Masters reported to initiate team-building activities,
brought developing conflicts to the surface and helped the team to solve them.
Coaching was considered important to foster teamwork and self-organisation.

Team: Several interviewees described how the Scrum Master built trust among
team members, e.g. during the retrospective. After some time they established
psychological safety [9] and started to open up and to provide feedback to each
other. It was no longer merely the Scrum Master who provided feedback to the
team.

The retrospectives [...] push us to actually stand up for some opinion, to
say what is wrong or to open up, and then he [the Scrum Master] unleashed
the monster. I have always been very critical about lots of stuff, but now
I see that everyone is critical sometimes, now I see that they [the other
team members] actually care to say “look, I am not happy about this” and
speaking openly had never happened before. (TM)

Role 4: Change Agent. Serves as a role model, changes habits, and convinces
newly established project teams of the agile way of working.

Scrum Master: While a large majority helped team members get used to the
method step by step, others wanted to help people develop a certain mindset,
such as not being afraid of failure or openness towards results. Either way, their
overall aim was to convince individuals why the agile way of working made sense.

At the beginning, it was a bit tough to convince some team members of
the agile approach. But now I think our team does not want to work in
a different style anymore. There is a drive in our team that some team
members even would like to go further. They have been infected with the
agile virus and they want more and more. (SM)
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Team: We did not come across a team members who started to act as a Change
Agent pro-actively, such as convincing others of the method. However, several
agile teams started to serve as role models for other teams by being agile. The
Change Agent role might be important at the beginning of a newly established
team. But while the team matures, this role might become obsolete.

Back then when I started with agile development, it was rather amusing.
Because we felt like animals in a circus. At first, there was astonishment,
then amusement, later interest and, finally, they asked whether they [our
partner team] couldn’t do it the same way. But this was not a process of a
few days. It rather took several months. (PO)

Role 5: Helicopter. Possesses the ability to see the bigger picture, to know
who possess the right skill for a certain task, to include relevant stakeholders
and to structure work.

They identified cross-boundary links between individuals and tasks from dif-
ferent technical expertise or domains towards a common goal.

In our team, I don’t feel like I am the boss or anything of that kind. I am
just the one in my team who is best at keeping track of things and to give
them a general direction. (SM)

Team: Due to regular communication and visualisation, team members devel-
oped a shared understanding [14,18] while they matured, so that they were
aware of who had certain knowledge or skills. Developing a Helicopter perspec-
tive helped team members to think in networks, to serve as sparring partners
for each other and to be fast in handing over the work to another professional
of another expertise.

In the beginning, I think you don’t know who has more experience in a
certain area or expertise in another area. But slowly I get to know every-
one and can judge who can support me in which difficulty in the quickest
possible way. [...] But in the end I know, okay, I have a problem here and
who can support me. (TM)

Role 6: Moderator. Moderates all kind of meetings and builds a bridge
between perspectives and domains. This role is considered to be important to
develop the necessary cross-functional understanding for agile teamwork.

Scrum Master: They mediated between individuals from different domains and
helped the team to build a shared understanding and to tolerate each other.

Team member: No interviewee elaborated on a situation in which a member
played the Moderator successfully. One team reported that they had tried letting
team members lead the retrospective but it had ended up in a planning instead.
Two teams felt that the Scrum Master should be the Moderator since they
considered it to be difficult to remain neutral during a discussion when being
part of the team.
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Role 7: Networker. Connects the team with relevant stakeholders, e.g. man-
agers and experts, from within and outside the organisation.

Scrum Master: The way in which Scrum Masters used their network depended
on the current need of the team. Scrum Masters reported that they included
formal leaders to gain the support for the agile approach. Another Scrum Master
reported how he had invited an expert for a certain method to train the team. Yet
another Scrum Master stated that he knew colleagues from facility management
whom he could call whenever the team needed organisational support.

You don’t have to be better at designing than a design engineer. But you
have to somehow show him ways to solve his problems. And if it is only by
referring him to another design engineer. (SM)

Team: The Scrum Master provided contacts and empowered the team members
to build their own network over time. This increased their scope of action and
enabled them to quickly react to challenges.

For example, that one has an information for someone, that he normally
would not have access to as a planning guy. [. . . ] Actually, I bring in
my network from production and the developer his network and the TEF
person yet another. During the open discussion at the Daily Stand-Up, I
can say that I have a problem. Someone knows someone who can help me
with it. (TM)

Role 8: Knowledge Enabler. Realises which kind of knowledge the team
needs, e.g. expert information or methodological skills, and supports team mem-
bers to acquire that knowledge, e.g. sends them to training or conferences, and
schedules knowledge exchange meetings. Furthermore, this role promotes itera-
tive learning, e.g. learning from mistakes, and fosters learning-by-doing.

Scrum Master: Some Scrum Masters urged teams to take time for learning. A
few of them convinced managers that agile teams must sit close to each other
to approach each other easily, learn from each other and build a shared under-
standing.

They just do not know the whole approach and how to access it. They know
classic learning like you go to a training or you study a book, but in this
field, you have so many user groups, meet-ups [. . . ]. And we also try to
just propose a nice event. They can meet other people there and discuss
with them. For example, we all went to a conference together. (SM)

Team: While some team members expected the Scrum Master to have the tech-
nical expertise to provide feedback, other interviewees had learned to receive
feedback from their peers. They shared their progress and served as a sparring
partner to each other. They also reported to just walk over to colleagues and ask
for information, sit together when they had questions or collaborate on tasks.
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Today it is all very easy going. I just go over to my colleague’s desk, sit
down for, like, 45min and work with him on a topic. Nobody says anything
against that. It is very informal, but it also happens that I personally have
to answer some questions. (TM)

Role 9: Protector. Shelters teams from inappropriate requests from the Prod-
uct Owner, managers, disciplinary leaders and other departments.

Scrum Master: Scrum Masters reported protecting the team from re-prioritisa-
tion or too high workload by the Product Owner. Furthermore, they sheltered
the team from management intervening in daily business or overruling decisions
the team had come up with.

But then, I also pushed some things through in certain teams, [...] in which
managers had taken decisions again. I had to go to the management and
tell them “that is not OK, you make a mistake”. Then they had to compro-
mise and later they were really glad that they had reacted that way. Because
the team gave the right hints after all. That is a situation in which one
has to fight a battle on behalf of the team. (SM)

Team: One team implemented a role called “Batman” that was responsible
for the protection from external requests that were unrelated to the respective
sprint goal. The role keeper changed depending on day and time. Two teams
reported that they struggled because the Scrum Master currently had no time
to stick with the team regularly. One team stated that it had happened twice that
management removed members temporarily during the absence of the Product
Owner. The Product Owner wished that there was a Scrum Master on a regular
basis to defend the team. Likewise, a Product Owner of another team said that
he struggled with not intervening in operational work and tended to tell people
what to do. He wished that there was a Scrum Master regularly to stop him
from disturbing. Thus, we suggest that it might be difficult for teams to protect
each other from management in an established company.

Investigating which role the Scrum Master plays (RQ1) and in which way
it changes over time (RQ2), we found that the Scrum Master played nine
different roles which he transferred to the team while it matured.
In addition, we found that some roles were more suitable for a transfer to the
team members than others. In the following, we will elaborate on how roles were
transferred from the Scrum Master to the team members.

4.2 The Role Transfer Process

Our third research question was: How are roles transferred from the Scrum Mas-
ter to the team members? We found that roles were transferred via three steps
we labelled the role transfer process (shown in Fig. 1). Before we elaborate
on the role transfer process in depth, we exemplify the concept by referring to
the following story:
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When asked how he had learned to take over responsibility, one team member
said that he had faced a major challenge in an area in which he had no previous
experience. He had encountered a lack of leadership since no expert was there to
support him. He said that, initially, he was afraid of taking over the responsibility
necessary to tackle the challenge. Yet, he was left alone and had to solve the
challenge himself. He had felt a sense of personal responsibility. Consequently,
he had decided to take over a leading role. He felt a high level of self-efficacy
after he had solved the challenge successfully and became a very proactive team
member afterwards. He stated that in his current project, he missed such a lack
of leadership and that he had observed that team members were reluctant to
self-assign tasks. We name this lack of leadership which provides the opportunity
for a team to take on a leadership role the leadership gap.

Scrum Master demonstrate role leadership gap support if needed

Team Member observe role claim and grant role play role

Fig. 1. The three steps of the role transfer process.

We found that the role transfer process consists of three steps:
The first step describes how the Scrum Master serves as a role model by

performing all nine roles. The Scrum Master demonstrates how to perform the
activities of the roles, while team members observe and communicate regularly
on the meaning of the roles, e.g. with the help of visualisation. They build a
shared understanding concerning the Scrum Master role which leads to role
clarity.

If you want to do Scrum, you have to make sure that people understand
the different roles. (SM)

The second step describes that Scrum Masters stop playing certain roles
themselves after some time and simultaneously prevent management and Prod-
uct Owners from taking on the respective role. While some teams stated that
management allowed them to actually decide, others experienced that manage-
ment, Scrum Masters or Product Owners were reluctant to hand over power
and, consequently, team members did not take over leadership roles. Contrarily,
team members who face a leadership gap in which no one plays the specific role
get the opportunity to take on the roles themselves. If a team member claims
the leadership role for him- or herself, other team members allow the respective
team member to take over that role and accept the new role keeper.

As a Scrum Master I can provide strong support at the beginning to get
started. But then I have to retreat gradually so that the team gets into the
mode of self-organisation. Because if you do not create some free space or
a vacuum, nobody will jump in. (SM)
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I try to help colleagues to find their way into the roles. It is always tricky
to keep the balance between what the team should do by themselves and
what should be done by the PO or SM. That is one thing that one has to
reflect upon and to level out. [...] The most exciting thing is to bear the
silence until someone says something and to wait until someone else gets
active. [...] Also we have to give them some free space to experiment and
try out themselves. (SM)

Scrum Masters stated that they either provided a leadership gap on purpose
by not playing certain roles but waiting that team members would take on the
opportunity and play the role, or they were not playing the role because they
were absent which gave the team the chance to perform the role.

I did not have sufficient capacity to do everything myself. Therefore, some
team members took over tasks, e.g. one guy arranged a timer, another one
took care of the whiteboard. They were quite proactive as a team. [..] They
did not tell me: “You are in the Scrum Master role, you have to make
things better for us.” (SM)

The third step describes that team members play most of the roles while the
Scrum Master only continues to perform a role when still needed. The Moderator
and Protector roles were found to be difficult to be transferred to the team, e.g.
because the role keeper should remain unbiased. This indicates that the Scrum
Master role does not become obsolete but is played to a lesser extent by a formally
appointed person over time. Therefore, we suggest that some roles should always
be played by the Scrum Master, which is a similar result as the findings by Hoda
et al. [16] who discovered that in the absence of specific formal role keepers some
aspects of agile working lost the team’s attention, such as the retrospective.

It takes a lot of energy but is quite nice to experience when the team gradu-
ally walks by itself. At the same time, the time effort by the Scrum Master
can be reduced. (AM)

Answering our third (RQ3) we found that a leadership gap enabled roles
to be transferred from the Scrum Master to team members during
the role transfer process.

5 Discussion and Relation to Existing Evidence

Our research objective was to explore how the Scrum Master role changes while
the team matures. We discovered that the Scrum Master comprises nine leader-
ship roles. While the team matures, more and more roles are transferred from
the Scrum Master to the team. At the heart of the role transfer process lies
the leadership gap: a lack of leadership which provides the opportunity for team
members to step up and take on leadership roles which were previously filled by
the Scrum Master.
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Several authors found that interference from Scrum Masters, Product Owners
or management decreased self-organisation of teams [7,14,18], while communi-
cation among team members improved when the Scrum Master was absent [18].
We believe that our finding of providing a leadership gap that allows teams to
take over leadership roles fits well with those earlier observations.

Furthermore, the Scrum process, e.g. retrospectives, stimulates psychologo-
cial safety [6,9,14] which empowers team members to take on leadership roles. In
line with other researchers our research provides empirical evidence that human
interaction and the method go hand in hand [6]. Based on our results, we argue
that the Scrum method combined with a certain behaviour, such as communi-
cation on equal terms, fosters a supportive team environment, such as mutual
understanding and trust [18]. This empowers teams to take on leadership roles
while they mature.

6 Practical Implications

Many practitioners on the management level have set the agile transformation
of their organisations as one of their top priorities. This is often associated with
the common misconception that when implementing agile projects their teams
are instantly “doing twice the work in half the time” as the famous title of the
book on the Scrum method promises [22]. Few have understood and accepted
the time required for the team development process.

When agile teams are implemented in established companies, individuals have
to learn a new way of leadership in teams, which will lead to slower delivery of
work products at the beginning. Management should grant sufficient time to
teams to allow them to regularly reflect upon the leadership roles during the
retrospective, learn their meaning and content, build a mutual understanding
and figure out how and to what extent to take on leadership roles. Teams need
time to try the roles and learn them, possibly by failure. Just like any newbie in
a formal leadership position needs time and is given time to learn the role, agile
teams need time to learn the leadership roles of Scrum.

Furthermore, even though management expects employees to change and
take on more responsibility, some managers are reluctant to grant leadership
roles to the teams. External pressure, top-down changed targets and shifted
priorities as well as frequent changes of the team setup destroy the sheltered
space within which agile teams can grow. In established companies, it is easy
to re-staff project teams because authorities have the legitimate power to do so,
but it is a supreme discipline to protect the team and create hierarchy-free space
for team development by the Scrum Master demonstrating lateral leadership.

Therefore, management must provide a Scrum Master to protect the team
and shelter it while it matures. The Scrum Master has to be granted sufficient
managerial power to protect the team and to preserve the leadership gap as a
major enabler for the team’s transformation. Simultaneously, the Scrum Master
must be patient and wait until team members take on responsibility when they
face a lack of leadership. Likewise, team members have to learn how to prac-
tice new ways of interacting with their team and managers, and to develop the
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courage to bridge the leadership gap when provided, even though it might feel
inconvenient at the beginning.

7 Limitations and Future Work

To assure the quality of our research, we critically discuss construct validity,
external validity and reliability:

To increase construct validity, we used multiple sources of evidence by
capturing the Scrum Master role from three different angles involving Scrum
Masters, Product Owners and team members. The researchers discussed the
extracted results and built concepts and theories. Additionally, emerging results
were frequently reflected critically with various agile practitioners from the com-
pany. Furthermore, the main author observed multiple agile teams at the com-
pany site over a period of 1.5 years. The final results were supported by the
observations and fruitful discussions with practitioners.

All participants work at the same conglomerate, mostly in the automotive
industry. To increase external validity, we tried to ask an equal number of
project teams at each division. Despite their slightly similar overall working
culture, the 11 business divisions embrace different subcultures. Still, we do not
claim our results to be universally applicable and they might be limited to the
specific context. Further studies should compare our findings on the changing
Scrum Master role with the results emerging from other conglomerates.

Reliability: Since we used an open-ended semi-structured questionnaire that
guided us through the interviews, the different interviews followed a similar struc-
ture. Yet, we asked participants about past events and what they had learned
over time. Memories of individuals tend to change in retrospective. Therefore,
these interviews are difficult to replicate. A cross-sectional follow-up survey on
a nominal scale containing the nine roles with the respective activities we have
identified would increase the reliability of this study.

So far we have only investigated how the Scrum Master role changed over time
using an exploratory approach based on retrospective narratives of interviewees.
We have not yet quantitatively aligned group maturity stages to the changing
Scrum Master role. In a future research project, we aim to map research on
maturity of agile teams [12] to the different Scrum Master roles we have identified
to provide valuable insights on maturity and the changing Scrum Master role in
each team development stage.

Furthermore, we have not yet captured the perspective of the management
who may experience providing the leadership gap differently. Taking this aspect
into account, we would like to extend this study in the near future and dig
deeper into strategies on how the Scrum Master protects the leadership gap
from management and Product Owner by referring to the boundary-spanning
role of team leadership literature [8].
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Abstract. The necessity of software as stand-alone products, and as
central parts of non-traditional software products have changed how soft-
ware products are developed. It started with the introduction of the agile
manifesto and has resulted in a change of how software process improve-
ments (SPI) are conducted. Although there are agile SPI methods and
several agile practices for evaluating and improving current processes
and ways-of-working, no method or practices for evaluating the back-
log exists. To address this gap, the Backlog Assessment Method (BAM)
was developed and applied in collaboration with Telenor Sweden. BAM
enables agile organizations to assess backlogs, and assure that the backlog
items are good-enough for their needs and well aligned with the decision
process. The results from the validation show that BAM is feasible and
relevant in an industrial environment, and it indicates that BAM is useful
as a tool to perform analysis of items in a specific backlog.

Keywords: Backlog Assessment Method · Agile ·
Software process improvement · Software process assessment ·
Case study

1 Introduction

The pervasive and necessary presence of software as stand-alone products, but
also as central parts of the offering of traditionally non-software products (e.g.
raging from cars to washing machines) has changed the way we have to do soft-
ware intensive product development [1]. Continuous delivery, flexible engineering
methods and ways of working has been one answer to the increased pace and
level of software intensive product development. It started off with the agile man-
ifesto in 2001 [2], but speeding up into a myriads of interpretations of “agility”
and its realization through the introduction of many agile software development
methods (ASD), e.g. Scrum [3].

However, regardless of which development method, software process improve-
ment (SPI) [4] is still important for improving the capabilities of the software
c© The Author(s) 2019
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development teams and organizations [5]. Instead of focusing on optimizations
as in traditional development, SPI in ASDs has focused on high flexibility and
responsiveness that can be standardized both within and across organizations
[6]. Hence, the agile perspective changes how to conduct SPI, and requires new
SPI mechanisms [5]. Also, improvement and learning is to some extent “built
in” to ASDs, e.g., Scrum has the retrospective phase [7].

As a part of our industry collaboration with Telenor Sweden we noticed that
one of the main concepts and structures of their agile implementation, namely
the Backlog(s), had some challenges. The backlog is among the most, if not the
most used agile practice, described as “the heart of Scrum” [8]. Backlogs are the
engines for business, planning, and development. However, how do agile teams
know if the backlog is good enough and well managed, or if the content of the
backlog is appropriate and aligned in relation to the competences working with
it and the decision process utilized?

There are guidelines, e.g. INVEST [8] and DEEP [3], of how backlog items
should be written and managed. In industry, the backlog items vary greatly,
and this is especially true for backlogs that are used for collecting items from
multiple sources continuously, and there are seldom any formal checkpoints for
ensuring conformity or quality as in traditional software development methods.
With great variation of backlog items in the backlog, there is a challenge to align
the decision process (people and method for decisions) to be able to handle the
varying contents of the backlog. Often items are deferred or delayed as detail is
low or abstraction too high, and/or decisions are made based on assumptions
as a way to fill the gaps of incomplete information. Therefore, to enable agile
organizations to assess backlogs, and assure that the backlog items are good-
enough for their needs, and well aligned with the decision process, we developed
and evaluated the Backlog Assessment Method (BAM) in close cooperation with
Telenor Sweden. BAM was designed to be light-weight, simple to apply, as well as
adaptable to the organizations needs and preference - consistent with a method
to be used during a retrospective phase for example.

The remainder of this paper is organized as follows. In Sect. 2, background
and related work are presented. Section 3 describes the motivation of the devel-
opment of BAM, while Sect. 4 presents BAM. Section 5 presents lessons learned
from using BAM in practice, and Sect. 6 presents the conclusions.

2 Background and Related Work

Agile software development methods (ASD) require new SPI methods to fit the
context and principles of ASD. One reason for this is that the “traditional” SPI
methods have heavy bureaucracy [5], while the agile SPI methods need to be
flexible and responsive to local needs, and encourage self-organizing teams [9].
Thus, new challenges for conducting SPI in ASD have emerged [5].

Complying with the agile principles, agile SPI methods have been pro-
posed and evaluated in the literature. In a systematic literature review, Santana
et al. [10] investigated which SPI approaches are used for agile SPI. Santana
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et al. [10] concluded that there are three main approaches to agile SPI, (1) top-
down approaches where the goal is to “fit” agile practices into predefined models,
e.g. the agile maturity model [11] and agile-CMMI SPI method [12], (2) agile
SPI methods that are based on improving team members’ behavior, which is
proposed in the agile manifesto [2], and (3) agile SPI methods that are based
on improving practices in order to deliver better software. Moreover, Salo and
Abrahamsson [5] proposed an iterative improvement process for conducting SPI
within individual agile project teams to improve the development process based
on the teams’ experiences and context knowledge, while Ringstad et al. [13] sug-
gest to use diagnosis and action planning to improve teamwork in agile software
development. In addition to the agile SPI efforts, there exist many practices
in agile methodologies to evaluate and improve current processes. For example,
Crystal includes a reflection workshop [14] and Scrum has sprint retrospective
[7]. Moreover, Value Stream Map [15] and retrospectives [16] are practices that
can be used to evaluate and improve current processes.

Although there are agile SPI and several agile practices for evaluating and
improving current processes and ways of working, there are no similar methods
or practices for evaluating the most used agile practice, namely the backlog. A
well-managed backlog that is well aligned with the decision process can greatly
reduce the time for planning meetings and time-to-market. However, if the back-
log is ill-managed, used as a dumping ground, and not aligned with the decision
process, it may have severe impacts on product development. In particular, since
the backlog should provide a centralized and shared understanding of what to
build, and in which order to build it [3]. Despite the importance of the back-
log in ASD, there are no methods/frameworks for assessing the backlog other
than pre-emptive ones. Instead, the literature suggests following guidelines when
writing the backlog items (i.e., requirements as user stories) to make sure that
the backlog items, once they have been written, follow a certain guideline. One
suggested guideline for writing the items is INVEST [8] where the backlog items
should be Independent, Negotiable, Valuable, Estimatable, Sized appropriately,
and Testable. Once the items have been written and placed in a backlog, it is
important to manage, organize, and administrate the backlog items, which is
called grooming [3,8]. Grooming includes creating and refining details about an
item, and to estimate and prioritize them. An example of a guideline that can
be followed when Grooming a backlog is DEEP [8].

However, from the process assessment at Telenor Sweden (see Sect. 3.2 for
details) we observed that backlogs are frequently used for managing all kinds of
information. Often the backlog items vary greatly, and there are seldom any for-
mal checkpoints for ensuring conformity or quality. In addition, obsolete backlog
items are common to be found in backlogs in industry [17], meaning that infor-
mation in form of obsolete requirements is visible in backlogs to a large extent
in practice [17]. The obsolete backlog items may lead to, e.g. higher estimates of
the items and thus affect the decision-making [18].
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3 Research Context: Case Description and Motivation

The development of BAM was prompted by challenges/improvement issues iden-
tified at Telenor Sweden. Telenor Sweden’s pragmatic use of their backlog to
collect items from multiple sources continuously identified challenges for the
organization to handle and process all items in the backlog in an effective and
efficient manner, as described in Sect. 3.2.

3.1 Case Company Description

Telenor is one of the world’s major mobile operators with 208 million mobile
subscribers. Telenor provides tele, data, and media services in the Nordic, Cen-
tral, and Eastern Europe and Asia, and have operations in 13 markets, and
additionally 14 markets through the ownership of VimpelCom Ltd. Telenor has
more than 36,000 employees worldwide, and 1,900 at Telenor Sweden. Telenor
Sweden has worked with agile and backlogs for about 10 years.

As a developer of software and services, adopting an agile approach makes
sense to avoid rigid front-heavy development. The core scenario is that in the
Telenor Sweden case, backlogs are used in multiple stages, which is a common
practice in agile software development [8] from an initial backlog where items of
large variety are collected, then the items are “sorted” into product backlogs,
and finally in a spring backlog, as illustrated in Fig. 1.

Requirements/
Features/Ideas

Feasibility Review

1. Pre-feasibility
Outcome: Continue or reject

2. Prioritization
Outcome: Priority

3. Include
Outcome: Continue or reject

Detailed analysis

Product
Backlog

Backlog Sprint Backlog

6. Include
Outcome: Continue or wait

5. Estimation
Outcome: Estimate or

re-analysis

4. Analysis
Outcome: Continue or close

Development
Release

Fig. 1. A simplified overview of the decision process for items

In each backlog containing items, the items are analyzed and refined, and
sometimes broken up/merged/dismissed before progressing to the next back-
log, e.g. in feasibility review and detailed analysis phases (as illustrated in
Fig. 1) through several decision-points. This way of working joins business ana-
lyst/product management level and product planning with subsequent product
realization (sprint backlog) levels. This is one of the main goals of becoming a
complete agile organization. It is also in line with the general levels of decision-
making in agile software development [19]. In agile software development, deci-
sions about products and release plans are made at a strategic level (similar to the
feasibility review in Fig. 1, while decisions related to project management with
the aim to determine the best way to implement the strategic decisions are made
at tactical level (detailed analysis phase in Fig. 1. Finally, decisions about the
implementation are made at the operational level (development phase in Fig. 1.
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Telenor Sweden’s agile process supports product planning and development and
they have good ideas of using their backlogs at different levels which enables
other roles, teams, and parts of the organization to work “agile”. However, this
creates several challenges, which are detailed below.

3.2 Motivation

The case study presented in this paper was carried out at Telenor Sweden in
Karlskrona for one of their major product lines (due to confidentiality reasons, no
information about the project can be revealed). The overall aim was to identify
improvement potential in their development process. Therefore, the first step
was to perform a process assessment of their current development process.

Research Design. First, brainstorming sessions, meetings to plan the assessment,
and selection of which projects and roles to involve in the assessment were con-
ducted. The selection of interview subjects was conducted in close cooperation
with a “gate-keeper” at Telenor Sweden. Five interview subjects representing
different roles were chosen, 1 process developer, 1 business analysts, 1 prod-
uct manager, 1 project manager, and 1 operational manager. Data was collected
using semi-structured interviews [20] and documents, i.e. archival data collection
[21]. The interviews were carried out by one interviewer and one interviewee.
For all interviews, we took records in form of written extensive notes. The study
of documents was a substantial part of the overall assessment. The analyzed
documents included backlogs, formal process descriptions, decision and meet-
ing protocols. All of the extensive notes from the interviews, and the relevant
documents were analyzed using content analysis [20].

Undesired Consequences. From the process assessment results, it was possible
to identify three undesired consequences (UDC) that may stem from incomplete
information about backlog items, too abstract backlog items, or having the wrong
scope for a particular backlog and point in time. The three UDC are illustrated
in Fig. 2, and described in more detail below.

UDC1: Postponed Backlog Items. Postponed backlog items refer to items
that are not good enough for analysis/decision-making due to incomplete infor-
mation (see UDC1 in Fig. 2). That is, backlog items with incomplete informa-
tion are not aligned with the decision process (i.e. decisions at a certain point in
time require certain information), and thus the process and the team members
involved in a certain decision point cannot do their jobs. This may lead to that
backlog items are excluded throughout the entire development process, from fea-
sibility review to development. Postponed backlog items, which are often kept in
the backlog, risk becoming obsolete items [17], and can even clog up the backlog.
New items are continuously added to the backlog thus inflow is often higher than
removal and completion. This may lead to a backlog that is not only cluttered,
but also has too much information (items). The mere fact that the postponed
items are visible to the decision teams have an impact on the accuracy of the
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Requirements/
Features/Ideas

Feasibility Review

1. Pre-feasibility
Outcome: Continue or reject

2. Prioritization
Outcome: Priority

3. Include
Outcome: Continue or reject

Detailed analysis

Product
Backlog

Backlog Sprint Backlog

6. Include
Outcome: Continue or wait

5. Estimation
Outcome: Estimate or

re-analysis

4. Analysis
Outcome: Continue or close

Development
Release

UDC3

Undesired Consequence (UDC) 1: Postponed items
Postponed items, i.e. items are not good enough for analysis/decision-making

Undesired Consequence (UDC) 2: Wrong competence
Wrong competence in the decision-teams for feasibility review

Undesired Consequence (UDC) 3: Assumptions
Assumptions being used as basis for decisions about items

UDC1 UDC1 UDC1

UDC2

UDC3

UDC3

Fig. 2. Three undesired consequences

decisions, estimates, priorities, and analysis [22], where the estimates can be
twice as high as the actual effort [18].

UDC2: Wrong Competence in the Decision-Teams. If several of the back-
log items during the pre-feasibility review (Step 1, Fig. 2) are technically oriented,
e.g. related to software architecture, and no architects are present, the feasibil-
ity review and its decisions are made without the required competence, or get
postponed as more information is requested. This may lead to several problems
downstream, not least that assumptions about realization and inaccurate esti-
mates as well as architectural impact can lead to degradation and increased
technical debt [23]. If technical expertise is called in to join the decision team
the UDC is handled by changing the process and/or team composition. How-
ever, the continuous nature of item processing in backlogs would demand that
completely dynamic teams with people representing all competences be “on-call”
continuously. This may not always be practical, especially not in situations where
items range in thousands, many decision meetings process items continuously,
and several products are handled by teams distributed over locations.

UDC3: Assumptions Being Used as Basis for Decisions. If items are
under or over-specified for a particular development phase there is an increased
risk of false assumptions (UDC3, Fig. 2) being made, and the rest of the anal-
ysis/development phase “downstream” can inherit the issues. The later in the
development process this is discovered the costlier to correct, not to mention
the analysis effort wasted on the incorrect analysis track. Both in the feasibility
review and in the detailed analysis (Steps 3 and 6, Fig. 2), if a backlog item that
is under-specified is treated as an item with the right specification level, then
the inclusion decision may be wrong. Hence, items with high business value may
be excluded from the product/release planning as a consequence of competition
of features for resources. During the effort estimation (Step 5, Fig. 2), if the
under-specified backlog item is treated as an item with the right specification
level, the estimates will be based on inadequate information. Thus, the items are
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potentially underestimated, which invalidates projected lead-times and poten-
tially causes missed opportunities such as being first on the market with a new
feature, gaining market shares, loss of sales, and lower revenue.

4 Backlog Assessment Method

This section gives an overview of BAM and the guidelines of how it can be used
to plan, execute, and analyze the results of the backlog assessment.

BAM offers a visual analysis and grading of backlog items. The visualization
serves as a focal point for the stakeholders to collectively discuss if the back-
log items have appropriate detail, size, maturity, and most importantly, if the
decision-making process within the development organization can handle the
variation of the items in the backlog. Thus it is important to realize that BAM
does not suggest a level, rather allows the span to be estimated based on the
real items in the backlog, then compared to the capacity of the organization and
how the items are intended to be used. BAM has the benefit of using concrete
artifacts (actual backlog items) as a base for the assessment, rating items on a
scale based on four main perspectives that were identified in collaboration with
practitioners at Telenor. The four main perspectives, which are descried in detail
in Sect. 4.4, are: Scope, Abstraction/Level, Maturity, and Detail.

The decision of which backlog to assess, selection of a representative sample
of items from the backlog, team members to involve - as well as the details of
the actual assessment are detailed in Fig. 3. The following sub-sections describes
each step of BAM in more detail.

4.1 Step 1: Identify Relevant Backlog

An organization may have several products, thus several product backlogs, or
different type of backlogs for the same product, as seen in Step 1, Fig. 3. Having
multiple backlogs at several different levels is not an uncommon way to organize
the work and requirements in industry. In particular for large organizations where
the work requires decisions on multiple levels to select what to realize in the next
phase/sprint. The case company Telenor has, in essence, three types of backlogs
for a product, one backlog before the feasibility review, one product backlog,
and one sprint backlog as illustrated in Fig. 1. In the first backlog all incoming
requirements/ideas/features (called items from hereon in) are initially gathered
before a feasibility review takes place. An item is then, either dismissed or it
progresses to the product backlog, and then to the sprint backlogs. Each of these
backlogs contains items that are inherently specified in different ways. That is,
the scope in the initial backlog is wider with less details, and in the later backlogs
the information is refined and detailed. This is not unlike any engineering process
where requirements (items) are refined and evolve as they progress through the
organization, from potential idea to on-queue for development. Weather or not
there are one or several types of backlogs, Step 1 in BAM is to select a backlog
to assess. A general tip here is, not to see the selection as finite as you could
study several backlogs over time.
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BAM Steps Partner company situation

Release

Development
Detailed
AnalysisFeasibility

Backlog Product
Backlog

Sprint
Backlog

Requirements/
Features/Ideas

Example decision(s)

We have three backlogs. 
We decided that the 
Product Backlog should be 
assessed. 

Step 2:
Select 

representative 
sample of items 

from backlog

Team ETeam B Team C

We have three teams (B, C, 
and D) that are all working 
with the Product Backlog. 
We decided that Team B will 
do the assessment.

Team A

Team D

Preparation 

Assessment 

As an administrator I want to 
be able to add 3:rd party 
apps so I can use the full 
potential of a smartphone. 

As a nurse I want to have 
the same prioritisation of 
calls and alarms

As an administrator I want to  
have the following functions:

As an administrator I want 
to   be able to use Mobile 
Device Management tools 
from 3:rd party vendors

Name: ID12 Register phone
Description: The purpose is to add 
agreement services for the phone.

The platform shall be R99 compliant

The system shall have support for time shift

Prioritisa
tion of 
calls 

User 
login

Info 
protecti

on

Central 
phone

Phone 
calls

Send 
messag

es

Add service

Add call

Add info

Open call

Answer call

Take call

Cancel call

Yes

No

Choose 10 percent of all 
requirements in the Product 
Backlog, and make sure that 
there is a mix of the di erent 
styles of requirements.

Step 1:
Identify relevant 

backlog

Step 3:
Identify relevant 

stakeholders

Step 4:
BAM 

perspectives

Step 5:
Assessment of 
backlog items

Release

Development
Detailed
AnalysisFeasibility

Backlog Product
Backlog

Sprint
Backlog

Requirements/
Features/Ideas

BAM Example BAM outcome/result
Scope: What is the focus of the item, i.e. does the item 
a ect the entire enterprise or is it related to an isolated 
change
Abstraction/Level: What level of abstraction does 
the item address, i.e. is it for a local algorithm or is 
the item a vision

Maturity: How stable the item is, i.e. how often 
does the information/description of the item change

Detail: The level of detail of the description of 
an item, i.e. how much description is provided 
about the item

Scope

Abstraction/
Level

Maturity

Detail

isolated change subsystem application process platform enterprise

vision objective feature function component local algorithm 

daily weekly bi-weekly monthly

one liner overview some details complete details

Scope

Abstraction/
Level

Maturity

Detail

Scope

Abstraction/
Level

Maturity

Detail

isolated change subsystem application process platform enterprise

vision objective feature function component local algorithm 

daily weekly bi-weekly monthly

one liner overview some details complete details

Item A Item B Item C Item D

Fig. 3. The five main steps in the backlog assessment method (BAM) (Color figure
online)

4.2 Step 2: Select Representative Sample of Items from the Backlog

A backlog consists of items that should be included in the product or action taken
in relation to it [3]. Regardless of what items that are present in a backlog, they
should be written as user stories [8]. However, in practice, not all items that
should be included in the product are included in the backlog, and not all items
are written as user stories. Instead, it is common to write items using natural lan-
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guage [24,25]. Telenor Sweden uses several different styles of writing/specifying
requirements/backlog items, including use-case diagrams, use-case scenarios, and
natural language, as seen in Step 2, Fig. 3. This is not surprising as different
specification styles are appropriate at different levels in the decision chain as the
abstraction levels differ, and the items are used for different purposes [26].

To have a representative assessment of a backlog, it is important to include
items written in all of the existing specification styles that are present in the
backlog. Also, it is important to have a good and manageable sample size of items
to be able to perform a simple and easy assessment of a backlog - it is better to
perform several small assessments than one big one. Whether or not there are
items written in one or several specification styles, Step 2 in BAM is to select
a representative sample of items from the backlog. To select a representative
sample, 10% of all the items, which in the case company was about 100 items,
was considered appropriate. However, if the backlog contains thousands of items,
then 10% may be too many items. In this case, it is better to select between
50 and 100 items as this size is manageable from an effort perspective (taking
one day). In this case representativeness of the selection comes second to the
scalability of the assessment.

4.3 Step 3: Identify Relevant Stakeholders

The next step is to identify the relevant stakeholders, which may include the
team(s) working with the backlog, and/or any other role(s) that use the items in
the backlog for, e.g. decision-making, planning future products/sprints, estima-
tions, coordination with other teams/products, or prioritization. The identifica-
tion of stakeholders could be a simple one-to-one mapping, one backlog and one
team working with the backlog, or there could be multiple teams working with
the same backlog, (Step 3, Fig. 3). At Telenor there is usually one team with
various roles from different departments/areas working with the backlog in the
feasibility phase, while other teams work with the product and sprint backlogs.
That is, it is not the same team/roles that work with the items from potential
ideas to on-queue for development. This is an important characteristic of the
case in hand, but also for several organizations that try to use backlogs as a
coordination mechanism outside development projects. Multiple roles, multiple
teams, representing one or several parts of the organization and/or several prod-
ucts might be relevant to involve in the assessment. Regardless of how many
teams/roles that are working with the selected backlog, Step 3 in BAM is to
identify the relevant stakeholders for the assessment of the backlog. During the
assessment of a backlog at Telenor Sweden, four stakeholders were selected to
perform the assessment. It is a good start to start with 4–6 stakeholders to get a
first quick overview of the backlog. It should be observed that in our case some
stakeholders had multiple roles and thus were involved in several decision points.
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4.4 Step 4: BAM Scales

At the core, BAM consists of four BAM perspectives, as seen in Step 4, Fig. 3.
These are used to grade individual items in the backlog. The four BAM perspec-
tives are described in below.

Scope. Does the item focus on an isolated change, or is the scope the entire
enterprise? The scope of items in the initial backlog is generally wider, e.g. having
the scope of the entire enterprise; while in the later backlogs (e.g. product or
sprint) the scope often narrows - a natural consequence of refinement and break
down. From a scope perspective, it is important that the stakeholders working
with a backlog item can conceptualize the item in relation to the length of
the sprint. Otherwise, they may have difficulties to break down the item [27].
The scope is different as breakdown of all items directly would result in wasted
resources as many items put in the initial backlog that are compared and then
passed on refined, or also often dismissed as other items are relatively more
important to realize.

Abstraction/Level. Does the item address a local algorithm, a feature, or a vision?
The Abstraction/Level of an item can differ even if the Scope is the same. For
example, if an item has the Scope of a sub-system, the item can address a local
algorithm for the sub-system, or it can address the future vision of the same
sub-system.

Maturity. How often does an item change? One of the “tools” used in agile to
embrace change is actually the backlog itself, which should accommodate easy
change to items. Albeit change is to be embraced - maturity is connected to
change. In an initial backlog (pre-project, where items are collected for e.g. a
feasibility review) item may change on a daily basis. However, stability should
increase in later backlogs - even if change is still a reality and has to be embraced.

Detail. What is the level of specification of an item. Items in a backlog should
have different levels of detail depending on what backlog they are specified in.
However, the closer to realization (sprint backlog) an item comes, generally the
more detail is present to reflect the analysis and choices made for its realization.
Greater detail in later backlogs allow team members to know what they are
committing to [27]. However, even in the early backlog it is important to have
adequate details about the items (good-enough for decisions and prioritization)
otherwise it may result in wrongly dismissed or selected items. Too much detail is
also undesirable as it would constitute waste. BAM does not suggest a “correct”
level, rather it offers a visual evaluation of current state of items in a backlog,
and gives practitioners the ability to judge if the level is appropriate, or not,
given their needs in relation to a specific decision point and backlog.

4.5 Step 5: Assessment of the Backlog

In the fifth and final step of BAM, the identified stakeholders perform the assess-
ment. Each stakeholder individually estimates items by grading them using each
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of the four perspectives from Step 4. The assessment is performed using prede-
fined templates as seen in Step 4, Fig. 3. The template can be used in two ways,
(1) using one template for each item, or (2) adding several items to the same tem-
plate. The case company used one template for several items (see Fig. 4, Items
A - D) by placing the item’s ID on the scale (to preserve confidentiality, the two
examples of detail for Items A and C are anonymized in terms of feature detail).
For example, Item A has the Scope of an isolated change, the Abstraction/Level
is graded as vision, the Maturity of the information for Item A is in-flux, and
the Detail of Item A is specified as a one-liner.

Scope

Abstraction/
Level

Maturity

Detail

isolated change subsystem application process platform enterprise

vision objective feature function component local algorithm 

volatile/in flux daily weekly bi-weekly monthly stable/fixed

no specification one liner overview some details complete details

Item A

Item A

Item A

Item A Item B

Item B

Item B

Item B

Item C

Item C

Item C

Item C

Item D

Item D

Item D

Item D

Explanation
Example of two different items from Telenor 
Sweden with different Detail in the same backlog. 
Item A has only a one liner description while Item 
C is described with some details. To preserve 
confidentiality, the two items are fictitious.

Example of Detail for two Items
Item C: Edit mobile contacts

Supplier X will add the current API 
for contacts for the system to be able 
to read the contact data. This is 
needed so the customer can 
administrate their contacts.

Next generations API
Item A

Fig. 4. Example of an assessment of two backlog items

The reason for adding the item’s ID in the template is to be able to per-
form a sanity check of the assessment. At Telenor, the sanity check was used
for two main reasons. First, to have concrete examples of items when presenting
the overall assessment makes it easier to understand and discuss the assessment.
Second, the items were used as input if one or more stakeholders had completely
different assessments of the same item. Thus, the provided item was used to
calibrate the overall assessment. A notable observation is that the actual esti-
mation itself served as a learning experience and coordination effort between
different roles and competences, in essence building a shared understanding of
not only the perspectives themselves, but more importantly of the needs of fel-
low co-workers. Thus details in an item that was considered as unnecessary by
one stakeholder was important for another. This allowed for an understanding
to be built, as well as the realization that one person’s “waste” could be another
person’s critical information.

When all stakeholders have completed their assessment, an overview of the
results is constructed (Step 5, Fig. 3). The constructed overview comes in two
parts. First, the overview shows the total estimated span of items in the backlog
for each of the four perspectives combined with the overlap of all stakeholders. At
Telenor Sweden, the four stakeholders had different opinions about the span of
items in their backlog (see Step 5, Fig. 3). Each of the colored lines represents one
stakeholder. For example, one stakeholder believed that the Scope of the items
span from an isolated change to the platform (blue line), while another stake-
holder believed that the Scope spans from an isolated change to the application
(green line). The grey boxes represent the shared view among the stakeholders
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for each scale. Second, the assessment results can also be used to create “typical
profiles” of items that exist in the same backlog, as seen in Step 5, Fig. 3. Four
typical item profiles were identified in one backlog at Telenor. For example, one
typical profile (profile Item A, Step 5 in Fig. 3) was items with a narrow Scope,
wide Abstraction/Level, with constantly changing information (Maturity) that
was specified with little Detail. In the same backlog, other items (profile Item
D) had a wider Scope, more Mature information that was specified in greater
Detail.

5 BAM Case Study Evaluation

As BAM was completed, it was set to be evaluated in an industrial environment
in a real development project. The idea was to use BAM for an actual backlog
and backlog items in order to evaluate its steps and components (e.g. the four
BAM perspectives), and to check if BAM could help in assessing backlogs as a
process assessment activity in order to help agile teams to continuously reflect
on how to become more effective, efficient and coordinated.

Research Design. The selection of backlog and practitioners for participating
in the evaluation was conducted in cooperation with the case company. Seven
practitioners representing different roles were selected. The roles chosen were: 1
Process developer, 2 Business analysts, 2 Product managers, 1 Project manager,
and 1 Operational manager. The selected practitioners identified 100 backlog
items that were used as a representative sample of items from the backlog (Step 2
in BAM, Fig. 3). Then the practitioners used the template for BAM perspectives
(Step 4 in BAM, Fig. 3) to perform the assessment of the backlog items (Step
5 in BAM, Fig. 3). After the practitioners had used BAM, data - in terms of
BAM’s usability and usefulness - was collected. Semi-structured interviews [20]
were used to ask questions about how BAM was perceived by the practitioners.
The interviews were carried out by one interviewer and one interviewee. For all
interviews, we took records in form of written extensive notes. The extensive
notes were analyzed using content analysis [20].

5.1 Lessons Learned

Through the evaluation of BAM with Telenor Sweden, we observed experiences
summarized below as lessons learned.

Ease of Use. In general, the practitioners at Telenor found that BAM is easy to
understand, and that the five steps of BAM make sense for assessing a backlog.
The practitioners explained that the steps of BAM are helpful and easy to follow,
and in particular the provided examples for each step (Fig. 3). In addition, BAM
does not seem to take too much time to use in practice. An assessment of about
100 items for one backlog with 4–5 practitioners did not take more than a day,
and if the number of items is decreased to 30–40 items, then the time spent on
the assessment is only 3–4 h, which could be done on a regular basis by individual
teams without formalizing it and getting “permission” or a budget.
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Identification of Gaps. Using BAM as a tool to perform analysis of items in a
specific backlog, and the decision process associated with decision points tied to
the backlog, enabled us to identify gaps. This in turn gave input to either put
some criteria as to good-enough item analysis and specification, and/or changes
to the decision process. Often slight modifications of both are needed as per
observations at Telenor Sweden. This gave potential to remove the likelihood of
undesired consequences (as explained in Figure 2), but also speed up processing
and decrease the clutter in the backlog of lingering items. BAM does not intro-
duce the “correct” levels, rather, allows an estimation of span of the items in
a backlog according to the four perspectives - which in turn can be compared
to the decision making process and the capabilities of a team responsible for a
specific backlog. Just as extensive technical detail might not be necessary for a
quick feasibility analysis, abstract business goals are too abstract for a technical
development team. BAM thus supports:

1. How items should be specified (good-enough) for a specific backlog,
2. what level of information and investment into analysis is needed for a team,
3. how the decision-making process should look like to be aligned with the back-

log items to enable reduced time for planning and analysis until an item can
be dismissed or selected for evolution into a subsequent backlog.

BAM will not in-itself solve undesired consequences (e.g. UDC1 - UDC3).
However, by assessing the backlog items it is possible to get an overview of
the level of information in the backlog, and get the ability to see the typical
item profiles and level of span of said items. This can then be used to identify
potential issues with the alignment between the backlog and the decision-making
process. If the decision-making process is not aligned with the backlog, there is
a risk that the teams either spend more time and resources in analyzing the
backlog items to make sure that all of them have a similar level of information,
or that the team may want to change the decision-making process and criteria
to handle all kinds of item profiles by, e.g. changing team member profiles or
adding more team members. BAM can also successfully be complemented with
a Value Stream Mapping [15] activity to gauge the delays and times of items in
play, and the changes as backlog item details and decision processes are tweaked.

5.2 Limitations

Selection bias (construct validity) [21], in terms of selecting participants to inter-
view in relation to the process assessment and the evaluation of BAM, is a threat
to this study. Selection bias is always a threat to all studies where the partici-
pants are not fully randomly sampled. The threat is that only participants with
a negative attitude of the current processes and ways-of-working, and/or having
a positive attitude towards BAM were selected. To minimize this threat, the par-
ticipants were selected based on their experiences and roles by a “gate-keeper”
at Telenor Sweden. That is, the researchers did not influence the selection of the
participants for the interviews, nor did the researchers influence the selection of
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which participants/teams that applied BAM in practice. Incorrect data (internal
validity) [21] is a validity threat to all empirical studies. To minimize this threat,
the researchers had the opportunity to validate, both during the interviews and
after the interviews by contacting the participants about the answers and inter-
pretations of the answers, which minimizes the risk of misunderstandings (i.e.
collecting wrong (incorrect) data). External validity [21] is related to the ability
to generalize the results from this study beyond the case company. Although
Telenor Sweden is a large company developing software and services, it is not
representative for all large software developing organizations. However, the aim
of qualitative studies is not to generalize beyond the studied setting, instead,
qualitative studies aim to explain and understand the phenomenon that is stud-
ied [20]. However, some of the issues introduced as motivation behind BAM (see
Sect. 3.2) may be generalized for organizations that are using or introducing ASD
methods. Moreover, from the concepts, practical application, and evaluation of
BAM (as described in Sects. 4 and 5) may give an overview of the specific sit-
uation of Telenor Sweden, thus allowing other organizations to judge similarity
and potential for BAM being relevant for them.

6 Conclusions

The Backlog Assessment Method was developed and evaluated in close cooper-
ation with Telenor Sweden. BAM is based on the identified needs in industry
and the observations that existing agile practices and agile SPI methods only
provides guidelines of how backlog items should be written, and guidelines of
how to keep the backlog groomed. However, there are no methods or practices
for assessing the current backlog and the backlog items. BAM addresses this
issue, aiming to enrich the overall picture of the information in the backlog.

As part of BAM’s development, evolvement, and refinement, the complete
version of BAM was evaluated at Telenor Sweden with seven industry practition-
ers using a real backlog and actual backlog items from a product. The evaluation
was performed to assure BAM’s applicability in industry, and that the model is
useful as part of agile SPI improvements for individual teams. During the evalua-
tion at Telenor Sweden, the results show that BAM is feasible and relevant in an
industrial environment, and the evaluation results indicate that BAM is useful
as a tool to perform analysis as to items in a specific backlog, and the decision
process associated with the backlog. The main benefit of using BAM is the use
of concrete artifacts as the base for the assessment to give visual indications as
to how the backlogs are used. The value is in getting results from an evaluation
as discussion and decision support material to the practitioners working with
the backlogs, thus BAM does not prescribe any correct level or processes.

The next phase that will be undertaken in the validation and evolvement of
BAM, as described in this paper, is further evaluations in industry in different
domains where the long-term effects, in terms of benefits and challenges of using
BAM, need to be investigated to fully validate its feasibility and scalability.
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Abstract. With the general trend towards data-driven decision making
(DDDM), organizations are looking for ways to use DDDM to improve
their decisions. However, few studies have looked into the practitioners
view of DDDM, in particular for agile organizations. In this paper we
investigated the experiences of using DDDM, and how data can improve
decision making. An emailed questionnaire was sent out to 124 indus-
try practitioners in agile software developing companies, of which 84
answered. The results show that few practitioners indicated a wide-
spread use of DDDM in their current decision making practices. The
practitioners were more positive to its future use for higher-level and
more general decision making, fairly positive to its use for requirements
elicitation and prioritization decisions, while being less positive to its
future use at the team level. The practitioners do see a lot of potential
for DDDM in an agile context; however, currently unfulfilled.

Keywords: Data-Driven Decision Making · Agile · Survey

1 Introduction

When developing software-intensive products, agile methods have become the
de facto way to develop software across almost every industry. The introduc-
tion of agile methodologies has changed the way software is developed [1], how
Requirements Engineering (RE) is conducted [2], and how decisions are made
[3]. In transitioning to Agile Software Development (ASD), learning about the
customers, collecting customer/user feedback, and involving a customer repre-
sentative in development, requirements engineering, and decision making, are
important [4]. In addition, ASD teams, due to delivering working software in
short iterations, are frequently involved in short-term decisions and need to
adopt to a fast decision making process [5].

With digital networks connecting an increasing number of people, devices,
and products, a vast amount of diverse data is available. Industries gather data
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and knowledge from their customers, suppliers, alliance partners, and competi-
tors. For example, mobile phones, cars, transportation vehicles, and automation
systems, are developed to generate data about their customers and usage of their
activities. This diverse data is not only generated internally within software-
intensive companies, but also from public, proprietary, and purchased sources
[6]. Software developing companies need to focus on exploiting the available data
to gain competitive advantages [6], which will transform how business are gen-
erated, how RE is performed, and how decisions are made [7]. In particular, the
recent resurgence of interest in artificial intelligence (AI) and machine learn-
ing (ML) accelerates these trends due to their promise of more automated and
powerful data analysis.

However, despite the vast amount of data that is available for decision mak-
ing, the decisions and selection of what to include in the next product release
cycle, are commonly based on the product managements and/or stakeholders’
previous experiences, opinions, intuitions, various criteria, arguments, or a com-
bination of one or several of these information sources [4,7]. These decisions
are typically subjective, frequently inconsistent, and often lack explanations as
well as links to which data and evidence they were based on. Moreover, when
stakeholders make decisions based on, e.g., opinions, intuitions, and arguments,
the decisions are more likely to be influenced by politics and individual agendas
[8–10] rather than, e.g., business opportunities or customer value. In addition,
even when data is more clearly being taken into account in decisions, too much
data and information may distract the decision maker rather then inform them.
According to Wnuk et al. [12], irrelevant information is visible in practitioner
backlogs to a large extent today, and recent research shows that it can nega-
tively impact decisions [13].

In order to benefit from data-driven decision making (DDDM), not only is
the quality of the processing techniques and tools directly related to the quality
of the decisions [17], but also the quality of the visualizations used to support
decision makers [17]. While visualization of software engineering data has shown
promise in supporting practitioners’ decisions, the focus has often been on spe-
cific phases or problems, e.g., testing and quality assurance [11], rather than
throughout development processes and in agile settings. In the literature, most
of the attention in DDDM has focused on the development of new techniques,
technologies, and tools for data processing [14], while few (if any) have investi-
gated DDDM from the practitioners’ perspectives and the specific and important
context of agile development has not been in focus.

This paper presents the results of an empirical study that includes data
collected through an emailed questionnaire with 84 respondents from 28 agile
software developing companies from 9 domains. The study investigate how com-
mon the use of data for decision making is in industry today, how often data is
used, the respondents opinions about the usage of data in the future, and how
data can improve decision making.

The remainder of this paper is organized as follows. In Sect. 2, we outline
the background to data-driven decision making. Section 3 describes the research
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methodology, while Sect. 4 presents an overall statistical analysis of the data.
Section 5 presents and discuss the results, and finally Sect. 6 presents the con-
clusions.

2 Background

Data-driven decision making (DDDM) has become a critical ability for orga-
nizational success. Several studies have demonstrated the benefits of DDDM,
e.g., Brynjolfsson et al. [16] showed that DDDM is strongly related to higher
productivity, higher return on assets, return on equity, and market value.

In the literature, there are several defined steps in DDDM, starting with data
capturing and resulting in decision making. For example, Chen and Zhang [14]
identify five steps; data recording, data cleaning/integration/representation,
data analysis, data visualization/interpretation, and decision making. Although
steps are identified, most of the attention in the literature has focused on the
development of new techniques, technologies, and tools. Techniques for DDDM
involve a number of disciplines with a number of specific techniques and tools
in each discipline. For example, fundamental mathematics, statistics, and opti-
mization tools are used as input to data analysis techniques such as data mining,
machine learning, neural networks, signal processing, and visualization meth-
ods [14]. Current DDDM tools can be divided into three categories: batch pro-
cessing tools, stream processing tools, and interactive analysis tools [14]. For
more details about different techniques, technologies, and tools, we refer to [14].
We also see an increased interest in applying AI and machine learning in a soft-
ware engineering context [15] and supporting decisions during development is
one of the key application types.

The quality of the decisions when using DDDM may improve or degrade
based on the quality of the data and the processing techniques and tools [17].
However, the quality of the decisions are not only based on pre-processing tech-
niques, processing techniques and tools, it is also related to the quality of the
visualizations of the data to the decision makers, the decision makers’ under-
standing and knowledge about the data sources, the decision makers’ ability to
interpret data processed data, and the decision makers’ knowledge about the
relationships of the data [17]. As one example, Feldt et al. [11] showed how
visualisation of testing-related data, without any advanced modeling, could fos-
ter understanding and support decisions around software quality in an iterative
development context. Thus, in order to benefit from DDDM, it is important to
focus also on other aspects than just the pre-processing and processing tech-
niques, technologies, and tools.

3 Research Method

The objective of this study was to investigate how common the use of data for
decision making is in industry today, how often data is used, and the respondents’
opinions about the usage of data in the future, with a special focus on the agile
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context in which modern-day software is developed. Given the objective, and that
the research questions are geared towards the opinions of the respondents, we
chose to use a survey as the research method and emailed a questionnaire for data
collection. Surveys are an appropriate strategy for getting empirical descriptions
about trends, attitude and/or opinions of the studied population [18,19]. In
addition, surveys are useful for analyzing large populations, given an adequate
response rate [20,21]. The motivation for using an emailed questionnaire was to
maximize coverage and participation. The following research questions provided
the focus for the empirical investigation:

– RQ1: How do software practitioners view data as part of decision making in
agile software developing companies?

– RQ2: To what extent is data used for decision making and requirements
engineering in agile software developing companies?

– RQ3: How can data be used to improve future decisions in agile software
developing companies?

3.1 Survey Study

The survey was executed through the creation of an emailed questionnaire that
was designed based on the research questions using a mix of open-ended and
closed questions [19]. In order to test the reliability and validity of the survey
instrument, a pilot study was conducted with one industry practitioner. Based on
the feedback from the pilot study, the survey instrument was (lightly) revised.
The instrument (see Table 1) had three parts. The first part gathered demo-
graphic information about the respondents. The second part mainly addressed
how, and how often data is used in decision making today, while the third part
focused mainly on how data can be used for decision making in the future. Part
1 only contained free-text questions. All of the questions in Parts 2 and 3 con-
tained Likert-type scale and free-text questions. The free-text area was added
to allow the respondents to expand and/or explain their answer.

Data Collection. Subjects were sampled primarily through personal contacts and
previous collaborators in industry and we encouraged them to also spread the
survey within their organisations. Hence, the sample can be described as conve-
nience sampling [19]. We provided the contacts with the questionnaire (emailed
questionnaires) and information about the goals of the survey, and asked them
to answer the questions and to spread the questionnaire to their colleagues. Each
contact person reported back how many people they had forwarded the question-
naire to. A total of 124 subjects received the questionnaire, and 84 completed the
mandatory questions and returned the questionnaire to the researchers. That is,
we obtained a response rate of 67.7%. Without going through personal contacts
in industry we likely would not have been able to get this high a response rate.

Data Analysis. The data was analyzed using descriptive statistics with diverging
stacked bar charts for the graphical visualization. In addition, we built a linear
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Table 1. Survey instrument

ID Question

Q0 What company do you work for?, How many employees does your
company have?, What role do you generally have in your work?, What
software development process do you use?

Q1 Data is important for decision-making

Q2 Data is highly valued for decision-making

Q3 Data is treated as an asset

Q4 Data is used to identify new business opportunities

Q5 Data is used to predict future trends and behavior

Q6 Decision makers use data for decision-making

Q7 Teams use data for decision-making

Q8 Data is used as part of requirements elicitation/identification

Q9 Data is used for prioritization of requirements/features

Q10 Data should be important for decision-making

Q11 Data should be highly valued for decision-making

Q12 Data should be treated as an asset

Q13 Data should be used to identify new business opportunities

Q14 Data should be used to predict future trends and behavior

Q15 Decision makers should use data for decision-making

Q16 Teams should use data for decision-making

Q17 Data should be used as part of requirements elicitation/identification

Q18 Data should be used for prioritization of requirements/features

model (ordered logit) using a Bayesian approach [22,23] to statistically analyse
the data. The analysis is described in more detail in Sect. 4.

3.2 Validity Threats

To avoid evaluation apprehension (construct validity) [24], we guaranteed the
respondents complete anonymity. Another threat is ‘hypothesis guessing’ [24],
which was minimized by clearly expressing the need for honesty in the instruc-
tions to the respondents; however, it is not possible to completely dismiss this
threat. In addition, the background of the subjects, e.g., experience, may influ-
ence the results; however, since the respondents have different competences and
roles we believe that this risk is limited. It is not possible to exclude the possibil-
ity that the respondents misunderstood the questions (conclusion validity) [24].
To minimize this threat, we conducted a pilot study with an industry prac-
titioner, which also minimized the threat of instrumentation (internal valid-
ity) [24]. One threat that cannot be ignored is the interest of the respondents in
the topic, which may influence the representativeness. This is difficult to counter
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since the willingness to participate and the interest in the topic may be linked.
There are also threats to validity based on selection bias and the convenience
sampling; even though we sent to most of our contacts in agile software organi-
sations and approached them in a standardised way, the final sample might not
be representative for a global population of developers. For example, they were
all from organisations in Sweden.

4 Analysis

To plot and assess visually the difference between distributions of responses in
Likert scale data is hard. As an example, if we examine Fig. 1, we see that there
is a difference between the distribution of answers on two questions (Q16, on top
in the figure, and Q17, on bottom) but it is not clear how to judge how large
the difference is. Also, if we only use descriptive statistics, which is the default
analysis technique for survey data in software engineering, it is difficult to assess
the uncertainty of our conclusions. In contrast, a Bayesian statistical analysis
does not have the same problem. Thus, in line with recent arguments for use
of Bayesian methods in empirical software engineering we thus, first, start with
such an analysis [25,26].
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Fig. 1. Plots of Q16 (top) and Q17 (bottom). Left: Histogram of discrete response
in the sample. Middle: Cumulative proportion of each response. Right: Logarithm of
cumulative odds of each response. Note that the log-cumulative-odds of Level 5 is
infinity if there are responses among all five levels [1, . . . , 5], as in Q17 (for Q16 there
were no responses on Level 5).

In order to assess differences in Likert scale data one could assume normality
and use a t-test, or make use of some of the non-parametric tests such as Mann-
Whitney U or χ2.
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However, Likert scale data is not only categorical, it is also of an ordered
nature but where we cannot assume that the ‘distance’ between consecutive
pairs of answers is the same. Thus it is not clear that we can assume the data is
normally distributed or that the distribution of scores for different answers has
the same shape (distribution family) [27]. Given these problems, in our view, the
most conservative approach to analyze Likert scale data is to build a simple linear
model using a Bayesian approach but keeping data categorical [22,23]. This way
we will get a posterior distribution with which we can assess uncertainty. To this
end we build two overall models to study the general trends in our data:

Ri ∼ Ordered(pi)
logit(pi) = βT ∗ temporali

βT ∼ N (0, 10)
(1)

Ri ∼ Ordered(pi)
logit(pi) = βQ ∗ reqi

βQ ∼ N (0, 10)
(2)

where Ri is the ith response with an ordered categorical outcome, and Model
1 (Eq. 1) compares the answers for questions about the present (Questions 1–9,
see Fig. 4) versus future (Questions 10–18, see Fig. 4) use while Model 2 (Eq. 2)
compares the non-RE (Questions 13–16, see Fig. 5) versus the RE-specific (Ques-
tions 17–18, see Fig. 5) questions. We use the logit link function to translate the
linear model’s real numbers to probability mass (and hence constrain it to lie
between zero and one). The linear model (in Eq. 1) then is simply a parameter
βT that we will estimate given the data at hand (temporal). The data is coded as
0/1, representing ‘present’ (today) and ‘future’, respectively. Finally, we assign a
prior to βT , N (0, 10), with a mean of 0 and a large variance of 10. This is a (very)
weakly informative prior that only gives a pressure towards realistic parameter
values. We also verified that the analysis was not sensitive to the prior selection
(i.e., a sensitivity analysis was conducted).

For the other model (Eq. 2) we simply change the parameter. Instead of
estimating βT using ‘temporal’ data, we estimate βQ for our variable ‘question’,
which is coded 0/1, representing question with a ‘non-RE’ (Q13–16) and ‘RE’
focus (Q17–18), respectively.1

Figure 2 visualizes the results from running the first model and drawing 250
samples from the posterior distribution. It is obvious that low Likert scale values
are much more common for the ‘present’ compared to the ‘future’ category. For
example, we see that the number of answers of option 1 (‘Strongly disagree’) is
roughly around 70% for questions about the present (today) state but decreases
down to only 5% for the future state. We can also see that the uncertainty is not
large with variations only in the range of 1–7% for all the answer alternatives.

1 The models overall sampled well with mixed chains, R̂ � 1.1, and an effective sample
size of neff � 0.2.
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When comparing non-RE and RE questions using Model 2 in Fig. 3, we can
also see some trends even if they are less clear and the uncertainty is higher
as visualized by the, relatively speaking, broader bands of posterior predic-
tions. However, the model clearly shows that we see a difference between non-
RE and RE related questions with the average of the βQ, being μ = −0.53
HPDI95%[−0.87,−0.19], i.e., the 95% highest posterior density estimate (HPDI)
does not cross 0. This indicates that answers to the RE questions are generally
lower (i.e. towards more disagreement with the statement in the question) than
for the non-RE ones and that this difference is clear.

After this detailed, statistical analysis of the general trends in the responses
the following Section will discuss the results in more detail.
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Fig. 2. Posterior predictions (250 draws) of the ordered categorical model (present vs.
future perspective). As is clearly evident, the probability for lower Likert scale values,
e.g., 1 or 2, is much higher when the perspective is ‘present’, compared to ‘future’,
i.e., everything is shifted upwards. This indicates less agreement at present and more
agreement for the future, i.e. there is unfulfilled potential since the present state has a
higher percentage of low disagreement answers.

5 Results and Discussion

This section presents the results of the survey, organized according to the
research questions in Sect. 3.

5.1 Survey Respondent Demographics

A total of 84 industry practitioners completed the questions of the survey. The
respondents come from 28 agile software developing companies varying in size
and domain. In total, the respondents came from nine different domains, with
the top three being Telecommunication (27%), Consulting (18%), and Trans-
portation (13%), see Table 2. The size of the companies where the respondents
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Fig. 3. Posterior predictions (250 draws) of the ordered categorical model (non-RE vs.
RE perspective). We see some trends, i.e., respondents are more positive in non-RE
focused questions, but there is quite much uncertainty visualized here by the broader
clusters of lines. However, the parameter βQ, which represents the domain focus, indi-
cates that the trend is non-negligible (μ = −0.53 HPDI95%[−0.87, −0.19]).

work, in terms of number of employees, ranges from 25 up to 5,000. With respect
to the respondents’ roles, see Table 3, the top three are developers (17%), scrum
masters (15%), and product owners (14%) with a fairly even distribution of
other, common roles also represented. For the development processes used at
the companies see Table 4 where Scrum (43%) is the most used, followed by
(the general option) Agile (29%), Kanban (15%), and then DevOps (12%). Note
that the Agile category means that a respondent did not specify which agile
methodology they used. Overall, we consider these respondents representative
for a broad set of domains, roles and sizes of companies, even if they are all active
in a Swedish context. The one role that is less clearly represented is Require-
ments Engineer although several of the respondents also partly do work with
requirements in one form or another, as is common in agile development.

5.2 View of Data in Decision Making (RQ1)

In analyzing Research Question 1 (RQ1), this section examines the respondents’
view of data as part of decision making in ASD companies. In Fig. 4, we can see
the respondents’ answers to each question. Each row shows the distribution of
answers for that question aligned horizontally so that positive responses are to
the right of the mid (zero) line while negative responses are to the left.2 This
makes it possible to compare the answers between different questions.

In general, looking at Fig. 4, we can see that it follows the general trend
identified in the statistical analysis above, i.e., respondents disagreed with the
2 Note that the neutral, mid answer option (on the 5-category Likert scale) is split in

half, with half of them shown in a lighter (gray) color to the left and the other half
in darker (gray) color to the right of the mid (zero) line.
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Table 2. Distribution of respondents
based on domains

Domain Respondents

Telecommunication 27%

Consulting 18%

Transportation 13%

Consumer electronics 11%

Surveillance 10%

Control systems 8%

Retail 5%

Camera 5%

Banking 4%

Table 3. Distribution of respondents
based on roles

Roles Respondents

Developer 17%

Scrum master 15%

Product owner 14%

Project manager 11%

Tester 11%

Senior software engineer 11%

Product manager 10%

Architect 6%

Requirements engineer 6%

Table 4. Distribution of respondents based on development process

Development process Respondents

Scrum 43%

Agile 29%

Kanban 15%

DevOps 12%

XP 1%

Fig. 4. Respondents’ view of data as part of decision making. Present (Q1–Q3) and
future (Q10–Q12).

statements more in questions about the current state while agreeing more in
questions about the future. For example, we see that a majority of the respon-
dents disagreed or strongly disagreed that data is important (66% for Q1) and
highly valued (79% for Q2) in today’s decision making. However, a majority of
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the respondents agreed or strongly agreed that data should play an important
role (71% for Q10) and be highly valued (87% for Q11), when making deci-
sions in the future. Examining if data is treated as an asset today (Q3), 93% of
the respondents disagreed or strongly disagreed, while 63% of the respondents
agreed or strongly agreed that data should be treated as an asset in the future
(Q12). Although the respondents have a positive view of how data should ideally
be viewed for decision making, their answers indicate this is not how it is being
viewed at present in their organisations.

5.3 Use of Data in Decision Making (RQ2)

In analyzing Research Question 2 (RQ2), this section examines to what extent
data is used (present) and should be used (future) in decision making and require-
ments engineering in ASD companies, as illustrated in Fig. 5. Figure 5 is con-
structed in the same way as Fig. 4, with the exception that the zero line, i.e.,
the neutral answer, is set to the answer ‘About half of the time’. In general,
Fig. 5 shows that data is seldom (never or sometimes) used in today’s decision
making or in Requirements Engineering (RE) (Q4–Q9 in Fig. 5). However, a vast
majority of the respondents believe that data should be used most of the time
or always in future decision making and RE (Q13–Q18 in Fig. 5).

Fig. 5. Use of data as part of decision making. Present (Q4–Q9) and future (Q13–Q18)

Looking closely into what extent data is used in today’s decision making, for
all questions (Q4–Q9), more than 90% of the respondents stated that they never
or only sometimes use data in decision making and RE, where more than 73% of
the respondents stated that they never use data today. No respondent stated that
they always use data. Only 1% of the respondents stated that they use data most
of the times for requirements elicitation/identification (Q8) and requirements
prioritization (Q9). Instead of using data, the respondents explained in the free-
text answer that decisions are mainly based on ‘gut-feeling’, the decision-makers’
experiences, or the value for customers.
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That is, the decisions may be subjective [7], politically influenced [8], and/or
biases could be involved [13]. Instead of using data when prioritizing require-
ments, respondents detailed that requirements are prioritized using various cri-
teria (e.g., cost, cost/benefit, customer value, business value), numerical assign-
ment, experiences, ‘gut-feeling’, or a combination of these. This is inline with
other studies on how requirements are prioritized in ASD companies today [28].

When asking the respondents to what extent data should be used in decision
making in the future, 93% of the respondents believe that decision makers should
always, or most of the time use data for decision making (Q15), 85% believe
that data should always, or most of the time be used to identify new business
opportunities (Q13), and almost 75% believe that data should always, or most of
the time be used to predict future trends and behaviours (Q14). Only 8% of the
respondents believe that (agile) teams should always, or most of the time use data
for decision making (Q16), while almost half of the respondents (43%) believe the
(agile) teams should never, or only sometimes use data when making decisions.
No explanation was provided by the respondents in the free-text answers for
these questions.

One possible explanation may be that the respondents believe that DDDM is
only useful and beneficial for high-level decisions. This is supported by the high
confidence in using DDDM for identifying business opportunities (Q13) and to
predict future trends and behaviours (Q14). When such high-level decisions are
made, including creating product strategies, road-maps, and release plans, the
respondents may believe that teams do not need DDDM when, e.g., breaking
down high-level requirements to low-level ones. Another explanation may be
related to today’s development processes and short sprints, which may not be
well suited for DDDM at the team level.

To create and rapidly release software-intensive products in the future, it is
crucial that the products are based on data and real-time feedback from the
customers [7]. Thus, when moving from a subjective decision-making process,
mainly based on experiences, to a DDDM process, changes in infrastructure and
methodologies are needed in the development processes [7].

For RE, 60% of the respondents believe data should always, or most of the
times be used when eliciting/identifying requirements in the future (Q17), while
15% believe data should never, or only sometimes be used for requirements elici-
tation/identification. Only 35% of the respondents believe data should always, or
most of the time be used when prioritizing requirements, 25% believe it should
never, or only sometimes be used, while as many as 40% answered that data
should be used about half of the times when prioritizing requirements (Q18).

When we analyzed the data by building a simple linear model (Eq. 1) using
a Bayesian approach, the results show a difference between today (‘present’ in
Fig. 2) and the future. In Fig. 2, we see that the lower Likert scale values (e.g.,
answers ‘never’ and ‘sometimes’) are more common for Present, while the higher
Likert scale values (e.g., answers ‘always’ and ‘most of the time’) are more com-
mon for the Future. That is, the respondents, with a high certainty, are positive
to use DDDM in the future. When comparing RE related questions (Q17 and
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Q18) with non-RE related questions (Q13–Q16), the Bayesian model (Eq. 2)
shows a difference, as shown in Fig. 3. That is, although the respondents are
positive to use DDDM in the future in general (as shown in Fig. 2), the respon-
dents are more positive to use DDDM in non-RE related decisions compared to
RE-related decisions.

Reasons for Using (not Using) Data. We asked the respondents what the
reasons for using data in today’s decision making is. According to the respon-
dents, the main reason is that DDDM improves the decisions. One respondent
explained that when data has been used as input to decision makers, the deci-
sions have been more informed and more transparent. Another reason mentioned
by the respondents was, if data is available, then we use it.

A few respondents also gave reasons for partial data use: although the data
is there and can improve decisions, it requires a lot of work to filter the data
and to present the data in a way that is useful for the decision makers; thus it
is only used sometimes for critical/important products/strategies.

Looking at Table 5, we see that data is not available to us at the company
is the most common reason (82% of the respondents). Most of the respondents
who stated that data is not available, also mentioned several other reasons for
not using DDDM, including too much data is available out there (79% of the
respondents), do not know how to use the data (73% of the respondents), and do
not know how to make the data relevant to us (70% of the respondents). Several
of the most mentioned reasons for not using DDDM are related to the decision
makers’ understanding of the data (including the visualization), and how to
make use of it. This confirms the findings in [17]. In order to fully benefit from
DDDM, the quality of the data is important as it is directly related to the quality
of the decisions [17]. Therefore, it is surprising that only 6% of the respondents
mentioned that data is not used in today’s decision making due to the quality
of the data. Either, decision making in agile is different or respondents are less
aware of these important considerations.

5.4 How Can Data Improve Decision Making (RQ3)

We asked the respondents if they believe data could help them in making better
decisions (Q19 in Table 6). Eleven percent of the respondents believe data will
improve their decisions (answered ‘yes’), while a majority (58%) believe that
data, in combination with other aspects (described below), will lead to better
decisions. Close to a third (29%) of the respondents believe data may help in
making better decisions but they weren’t sure (i.e., they answered ‘maybe’).
Their stated reasons were: (1) have not used data hence do not know if it will
lead to better decisions, (2) it depends on which data, the quality of the data,
and who makes decisions, (3) and what kind of decisions and when the decisions
are made. Only 2% of the respondents do not believe data will help in making
better decision. One respondent explained this by stating “data can never replace
my own experiences and gut-feeling”.
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Table 5. Reasons for not using data in decision making

Reason Respondents

Data is not available to us at the company 82%

Too much data is available out there 79%

Do not know how to use the data 73%

Do not know how to make the data relevant for us 70%

Do not know how to link/use data in relation to decisions 52%

Do not have appropriate tools 31%

Which data should be used? 23%

Cannot trust the data 11%

Do not know how to access the data 7%

Not sure about the quality of the data 6%

Too many systems/tools that store the data 4%

Table 6. Respondents’ views if data improves decision making

Q19: Do you believe that you could have made better
decisions if data was used as input to decision making?

Respondents

Yes 11%

Yes, if combined with... 58%

Maybe 29%

No 2%

The respondents identified five aspects that needs to be combined with
DDDM in order to make better decisions. The five aspects are: (1) own expe-
rience, (2) business value, (3) customer value, (4) input from key stakeholders,
and (5) experiences from others.

In order to be able to use the full potential of DDDM and thus truly change
how decisions are made in ASD, new approaches to provide and visualise con-
structive and understandable data (information) to the decision makers are
needed. By combining understandable visualizations of data and human exper-
tise, the future of DDDM in ASD looks promising.

6 Conclusions

There is a general trend towards data-driven decision making (DDDM), i.e., bas-
ing and driving decision making on and with data. However, there has been a
lack of studies on how software practitioners view and use this and, in particular,
in an agile context. In this study we thus performed a survey and collected ques-
tionnaire responses from 84 software practitioners working with agile software
development.
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Our main result is that the practitioners see a lot of potential for DDDM but
that this potential is currently unfulfilled. While very few respondents indicated
more wide-spread data-driven decision making in their current practice, a clear
majority saw it as important and highly valued in the future. They were more
positive to its future use for higher-level and more general decision making, fairly
positive to its use for requirements elicitation and prioritization decisions, while
being less positive to its future use at the team level. Multiple reasons were given
for data not being used today, in particular it may not be available, be available
in too large quantities, or it may not be clear how to use it, make it relevant and
link it to decisions. Notably, respondents seemed less concerned about quality
and trust issues around data.

Our results show that there is an unfulfilled potential for data-driven decision
making in agile software development contexts. Future research should investi-
gate this in more detail and also develop new automated data collection, analysis
and visualisations techniques and methodologies that augments existing, agile
decision processes by linking relevant data to specific decision contexts.
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Abstract. There is a growing interest in making software more accessible for
everyone, which is emphasized by the numerous suggestions passed into law in
many countries. However, many software organizations that use agile methods
postpone or neglect accessibility testing. We aimed to understand how acces-
sibility testing can be better integrated into the daily routine of agile projects by
conducting a case study in a Norwegian software company. We investigated
three accessibility testing tools: automatic checker, simulation glasses, and a
dyslexia simulator. We hosted sessions at which agile project members used the
tools while thinking out loud, responded to questionnaires, and were interviewed
at the end. Additionally, we observed the project members for 18 workdays. Our
results show that all three tools are suitable for agile projects. Especially the
automatic checker and simulation glasses worked well in finding accessibility
issues and were described as easy to use by the project members. Software
organizations should empower their agile project members with low-cost and
efficient accessibility testing tools to make their products more accessible for all.
Doing this early and often in the development cycle may save the project from
potential high costs at a later stage.

Keywords: Accessibility testing � Usability � Cambridge simulation glasses �
SiteImprove accessibility checker � WCAG � Agile software development �
Universal design

1 Introduction

Creating software that is accessible for everyone (including users with impairments) is
an important consideration for an increasingly digital society. Accessibility focuses on
enabling people with the widest range of capabilities to use a product or removing
barriers that can interfere with the user experience [1]. However, putting accessibility
into practice remains a challenge in software development [2], and agile methods are
especially under scrutiny for not offering enough consideration for accessibility [3, 4].

Testing for accessibility means testing how users with impairments and disabilities
(e.g., dyslexia or impaired vision) will experience the software product. Although agile
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methods highlight principles such as delivering working software and regular testing,
incorporating accessibility testing throughout an agile process is complicated and less
common [3, 4], and it can be an expensive endeavor [5]. Accessibility testing is often
postponed to the late phases of software development which breaks with the principle
of delivering working software frequently [6]. Researchers argue for easier methods to
make finding accessibility flaws more effective in agile software projects [6, 9, 10].
Agile projects face a growing complexity with a variety of organizational constraints
such as universal design, legislation, and security, forcing the cross-functional agile
team to adjust their practices and experiment with new team structures (e.g., BizDev
teams) [7, 8]. Thus, now might be a good time to include practices and tools that let
agile teams test for accessibility issues throughout the project.

In an agile process, which features short iterative cycles, it would be difficult to fit
costly and time-consuming accessibility testing into regular testing procedures.
Accordingly, there is a need to find methods that integrate well with agile approaches.
Methods and tools that can be utilized often without being too resource- and time-
intensive will fit well with agile principles. Our motivation for this project was thus to
improve accessibility in agile software development by testing different methods that
are considered fast and efficient.

The benefits of having an accessible solution are apparent. Poorly developed
software with regard to accessibility is aggravating to impaired users and can make the
product miss out on potential users, giving the issue both social justice and economic
motivation. Research has also shown that software that accommodates accessibility and
inclusion will benefit all users, including those without any impairments [11]. Also, for
software to be considered working, it needs to be thoroughly tested and ready to be
delivered to customers or production. If software fails to be sufficiently accessible, it
cannot be considered to be working. For the goal of having working software,
accessibility testing needs to be a part of every iteration that involves features which
can affect the accessibility of the software. Motivated by this, we set out to investigate
how accessibility testing can be integrated into agile software development, by
answering the following research question:

RQ: How do agile project members experience using accessibility testing tools?

To address this question, we conducted a case study [12] where we had the par-
ticipants test three different accessibility tools and respond to a questionnaire about the
tools they tested. The participants were also interviewed and observed.

The remainder of this paper is organized as follows. Section 2 outlines the relevant
background on accessibility testing in agile software development. Section 3 discusses
different testing tools. Section 4 describes the data collection. Section 5 presents the
results, and Sect. 6 discusses the results and implications for practice. Section 7 con-
cludes and suggests future work.
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2 Background

Failing to make a product accessible can be costly, as it will increase the probability of
having to make late and expensive changes in the development process and further lead
to prolonged development time. A product with which the user cannot achieve their
goal through the usual procedure will also lead to a reduction in users and increase the
need for additional support and assistance to help guide the users, such as help-desk
services and on-site support [13]. Those who do include accessibility in their devel-
opment process will find that the cost for testing procedures can take its fair share out of
the development budget, especially since the requirements for accessibility testing
often are complex [14].

Investing in accessibility testing early and throughout the development process can
yield a substantial return on investment [15]. Detecting mistakes early lowers the cost
of fixing the error and avoids the accumulation of big, time-consuming problems at the
end of the development process. Accessibility testing, however, has the unfortunate fate
of often being conducted at the very end of development [2]. Reduction in the amount
of work needing to be done in the maintenance phase can also be a substantial benefit,
as a significant portion of the life-cycle expenditure of a software product can con-
gregate in this later stage.

2.1 Accessibility Testing in Agile Software Development

Dissatisfaction surrounding traditional accessibility test methods is a prevalent theme in
other research. Researchers have investigated usability issues in agile development
(e.g., [16–18]) but few researchers have investigated accessibility testing in agile
projects. As Luján-Mora and Masri [9] argue, accessibility is difficult to achieve with
traditional software development practices, due mainly to its habit of being imple-
mented too late in the development process. They propose that agile development can
significantly help to improve web accessibility due to its focus on regular testing.

Similarly, Eklund and Levingston [6] discuss how usability can benefit from agile
development. They propose a set of steps one can use to incorporate usability tech-
niques in agile development, such as conducting smaller tests and reviews to cover
more of the development process as well as to rely extensively on external consultants
with expert knowledge on accessibility testing. Meszaros and Aston [19] describe the
introduction of early accessibility testing in an agile development process using testing
methods such as paper prototypes to locate accessibility bugs, wizard of Oz testing, and
usability stories. This resulted in a higher acceptance by end users. Kane [3] highlights
the lack of accessibility testing in agile development and proposes techniques to
integrate more accessibility testing into already established agile practices.

3 Testing Tools

Testing for accessibility entails testing for a multitude of different impairments and
disabilities in various states. When ensuring a product works for users with eyesight-
related issues, for example, one has to consider aspects such as different levels of visual
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perception, color blindness, complete blindness, tunnel vision, and so on. All of these
affect the user experience in different ways and create different challenges that must be
solved. Without any tools, a developer would have to retain an extensive amount of
knowledge to meet the demands of accessibility testing, which would be hard to put
into practice. One solution is to hire expert help from accessibility consultants or recruit
people with different impairments to conduct user testing. However, this is an
expensive solution and should be done when the product moves into a more stable
phase.

One of the most significant challenges in testing for accessibility is that one has to
account for a wide range of people. Using one super-tool that can take account of
everything is not realistic due to the diversity of impairments and the different ways
they affect users. When testing with accessibility in mind, there is a need to evaluate
everything from content, layout, comprehensibility and technical implementation to
compatibility with other accessibility tools, such as a screen reader.

There are some tools that we considered but decided not to include. For example,
we considered a screen reader and WCAG (Web Content Accessibility Guidelines).
However, both tools are intensive regarding the knowledge required to operate them,
and this does not fit very well into an agile process with short iterative cycles. A screen
reader is a software tool intended mainly for use by people suffering from mildly
impaired vision to complete blindness. The biggest challenge of using a screen reader is
that it required extensive training in order to operate the tool correctly. It may take
years to achieve a proficient use of a screen reader, and advanced users can navigate
around an obstacle that novice users cannot. WCAG is the de facto practiced method
used to check for accessibility. WCAG is presented as a set of specifications catego-
rized into four broad principles containing 61 numbered paragraphs of success criteria.
Each criterion has its own detailed page, specifying the intent, examples, techniques,
key terms, and related resources associated with the paragraph. The techniques and
success criteria will, altogether, give a total of 379 different pages, each with a
description, examples, additional resources, test procedures, and expected test results.
From our earlier research, we know that developers perceive WCAG as tedious,
cumbersome, and time-consuming to use in agile projects [14].

We chose the testing tools SiteImprove, Cambridge simulation glasses, and a
dyslexia simulator (where we developed a Chrome browser extension), briefly pre-
sented below, based on other studies that have categorized testing tools according to
barrier groups and cost-benefit [14, 20]. Since we wanted testing tools that could be
easily integrated into an agile process (low cost and little prior knowledge), we found
these to be the best candidates.

3.1 SiteImprove Accessibility Checker

SiteImprove is an automatic checker and browser extension that can analyze a web-
page for breaches of many WCAG criteria. When activated, the extension will auto-
matically analyze the currently opened web-page for noncompliance with the different
levels of the WCAG technical standard. It distinguishes between the different cate-
gories of the WCAG standard and organizes them into groups. Each instance of error
can give a direct link to the WCAG manual for a more detailed explanation of why the
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error exists and includes suggestions about how one can achieve compliance with
WCAG. Other notable features are the ability to highlight where the error exists on the
site itself and in the public source code by highlighting in the browser’s developer
tools.

One of the most significant drawbacks with automatic checker tools is that there are
many things they cannot check, at least not until we have better artificial intelligence.
For instance, an automatic checker can make sure that images have alternative HTML
tags, but it cannot check if the description is accurate and meaningful.

3.2 Cambridge Simulation Glasses

A person can identify accessibility faults by wearing blurred glasses while interacting
with the interface or object that is under examination. For our testing, we used the
Cambridge simulation glasses. The glasses are thin enough to stack several pieces of
glasses in sequential layers, enabling the tester to be in control of the degree of reduced
vision. Before using the glasses, the tester performs a quick eyesight evaluation using a
Snellen chart that comes with the glasses or can be printed out. The chart indicates how
many glasses the tester should wear to simulate reduced vision (a 95% coverage of the
general population). Most people will need two pair of glasses, but those with very
good eyesight might require three glasses. While wearing the glasses, the tester
interacts with whatever is to be evaluated for accessibility, and any possible short-
comings should be made readily apparent for the tester as they might struggle to use the
solution.

3.3 Dyslexia Simulation

The dyslexia simulator is a small and simple browser extension that tries to simulate
how a dyslectic user or someone with some other reading disorder might experience a
website. Dyslexia is a common learning disability, and the condition can severely
hamper a user’s ability to comprehend a website. Dyslexia impedes the ability to read,
and how software is presented can significantly affect the difficulty of interaction for a
dyslectic user, especially in sites that feature much text or require the user to write [21].
The tool will test a website by shuffling the letters in words, making it difficult to read.

When testing a solution, the tester operates the interface as normal with the dyslexia
software running; if there are areas that become difficult to perceive, the tester can use
that as an indication for something that might become difficult for someone with
reading difficulties to perceive. The dyslexia simulation tries to highlight issues related
to a neurological impairment, which is challenging to test for. It is difficult to make
software that can detect areas affected by such disabilities, and it is difficult for a tester
to understand what the impaired user might experience. There are several WCAG
paragraphs detailing the issues related to reading impairments and steps to help in the
matter.

We used a dyslexia simulator in a pilot study that was a script the user had to rerun
for each use, which was cumbersome. Therefore, for this study, we made an extension
for the Google Chrome web browser (now available on the Chrome web store) that is
easier to install and use.
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4 Data Collection

We conducted this study in a Norwegian software company that makes digital services
and solutions for banks. We observed the project members in their daily routines and
during agile practices such as daily stand-up meetings [22] and retrospective meetings
[23]. We documented their behavior, and conversation topics and were especially
looking for matters where accessibility issues could play a part. We also interviewed
four members with different roles and responsibilities. The reviews of the three testing
methods were conducted by hosting sessions in which the participants tried out
accessibility testing tools, answered questionnaires about the tools, and were inter-
viewed at the end of the session, see Table 1 for an overview of the data collection.

Interview questions and testing tasks were made after determining what information
was needed and how much time we could have with the participants. As recommended
by [24], every tester had filled out a background survey before the session. After a pilot
attempt of the testing session, it was decided to use a publicly available website not
affiliated with the participants, after we found the participants’ knowledge of their
products to influence their ability to judge the accessibility.

All the testing sessions were originally scheduled for one hour each, where we had
time to test three methods, which involved a quick briefing of the participants about the
tools and instructions on how to use them. In the testing sessions, the participants were
instructed to solve pre-made tasks that required them to use the tools to locate
accessibility faults in a website. As the participants used the tools, they would comment
on their experience and be prompted with questions by the interviewers to reflect on the
experience. After completing the tasks, they filled out a questionnaire.

Having finished testing, the participants were asked a series of questions regarding
their thoughts on each tried method, comparing the methods and identifying which one
they preferred and which one they disliked. They were further asked about the rami-
fications of accessibility testing, and how they thought accessibility testing could be
integrated into their routines.

Table 1. Data collection

Data Explanation Number

Full work days
observed

We observed the project members in their daily
work

18 days

Stand-up meetings We observed teams having daily stand-up meetings 15 meetings
Team meetings We observed meetings in the agile teams, including

2 retrospective meetings
5 meetings

Interviews outside of
tests

We interviewed one team leader, one developer, one
UX designer, and one architect

4 interviews

USE questionnaires Seven of Cambridge simulation glasses, seven of
SiteImprove, five of dyslexia simulator

19 answers

Testing sessions with
end interviews

We tested and interviewed four developers, one
software tester, and two UX designers

7 sessions
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4.1 The Accessibility Testing Tools

We tested three different accessibility testing tools. Five participants tested three tools
while two participants tested two tools because of less time available. The participants
were encouraged to think aloud. When they forgot to talk while they were using the
tools, we reminded them to do so. Below, we will describe how we tested each of the
tools.

SiteImprove. Before we began, the participants were instructed to install the extension
on their computers, and they were also given a quick overview of what it does at the
start of the session. The SiteImprove user test was conducted without any specific tasks
or scenarios in mind, as the tool does not need any extraordinary web features to be
able to highlight its capabilities. The participants would explore the tool and investigate
the different layers of information on a given website. When they had questions about
the tool or were stuck, we guided them in the right direction. After exploring the tool on
the given website, five of the participants switched to sites they were working on or
were more familiar with to get a
better sense of what the tool was
telling them.

Simulation Glasses. After a
brief introduction and determin-
ing howmany glasses each tester
should wear, the participants
who tested the simulation glasses
where given tasks to complete
while wearing the glasses
(Fig. 1). The tasks involved
interacting with a web interface
and completing two scenarios.
The scenarios involved finding
and booking airplane tickets
online from one of the leading
airlines in Scandinavia.

Dyslexia Simulation. Before we began, the participants were instructed to install the
extension. We described how the tool worked and how it could help them discover
accessibility vulnerabilities. Participants were asked to navigate a website with the
dyslexia extension turned on and complete two scenarios. The scenarios involved
finding information about prices, luggage, and legal requirements. The chosen web
pages contained a lot of text to afford the extension something to work with.

4.2 USE Questionnaire for Tool Evaluation

Every participant filled out a questionnaire for each of the methods they tested. The
questionnaire for evaluation of the testing methods is a post-session rating metric
named the “Usefulness, Satisfaction, and Ease of use (USE) Questionnaire” [25].
The USE Questionnaire is a validated questionnaire that consists of 30 questions

Fig. 1. A participant testing with simulation glasses
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divided into four categories. We considered this questionnaire to be helpful in assessing
whether each of the methods was suitable for agile projects, by stating general ques-
tions about satisfaction with usability and ease of use on a seven-point Likert scale.

4.3 End Interview After Test

At the end of each testing session, we asked the participants a set of prepared questions
to gauge what they thought about the testing tools. They were asked to compare the
tools in different ways and to talk about how they experienced using each of the tools.
We also asked them whether they believed they would use the tools in the next three
weeks, which tool they felt discovered most faults, and how the tools could be inte-
grated into the daily agile workflow routines. Also, we had some general questions
about how accessibility aspects affected the products they were developing.

5 Results

From the interviews, it became evident that many project members did not know much
about accessibility testing before they tried the tools. One developer suggested that a
reason was that they did not learn it in their software engineering education, and he also
claimed it was not a common theme in work discussions. From our observations, we
could confirm that there was little talking about accessibility among the project
members. In none of the 20 observed meetings was there any discussion of accessibility
issues. However, all interviewees were positive to learn about tools to help them test for
accessibility throughout the agile project. Even though many had little experience with
the tools, all participants managed to install the tools in a short amount of time.

5.1 SiteImprove Accessibility Checker

Seven participants evaluated the SiteImprove tool. As Fig. 2 shows, the method did
very well, with a high score for all categories. The percentage reflects how well a
category scored on the Likert scale from one to seven, where seven is 100% and one is
0%. The tool received a total score of 4.98 (r = 0.40) with a 95% confidence interval
between 4.68 and 5.28.

SiteImprove scored very high in the Usefulness category with a score of 5.43
(r = 0.42), which is well above the average of 4.0. Ease of Learning received a score
of 4.82 (r = 0.41) since most of the operations are provided automatically by starting
the extension.

The method also scored high in Ease of Use with a score of 4.87 (r = 0.42) even if
some had minor complaints and somewhat struggled: “The tool points out that there
are faults, but it is hard to spot where the faults are”. However, many stated that
SiteImprove was much better to use than WCAG. One developer said, “This is close to
a developer tool (…). I like that it makes references to WCAG. I have tried to look at
the WCAG documentation, but found that difficult”.
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5.2 Cambridge Simulation Glasses

Seven participants also evaluated this method. As Fig. 3 shows, the glasses got high
scores in all categories and had the highest total score of 6.15 (r = 0.48) among all the
methods. The 95% confidence interval for the method was between 5.79 and 6.51.

Not surprisingly, since this method requires the participant only to wear glasses,
this method scored very well on both Ease of learning with a score of 6.79 (r = 0.12)
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Fig. 2. SiteImprove evaluation results
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Fig. 3. Cambridge simulation glasses evaluation results
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and Ease of use with a score of 6.45 (r = 0.49), One developer said, “The glasses gave
quick results and were easy to use. I also like that they are tangible”, while another
developer said, “I want to have these glasses on my desk and use them often”.

Also for the Usefulness category, the method scored high with 5.88 (r = 0.48), and
the sub-question “Is it useful” scored 6.57 (r = 0.73), which is well above the average
for the category. A designer said, “I will use these glasses in meetings between
developers and business developers to make them aware of how the different solutions
they are discussing will be perceived by people with reduced sight”.

Regarding Satisfaction, the method scored the highest of all with 5.47 (r = 0.84),
and this was also reflected in the interviews. Many participants mentioned that the
method was fun to use, and many also tried the glasses on their own after the session
was completed. During the interviews, many participants mentioned that the method
created more awareness of the challenges associated with bad contrast and small fonts.

5.3 Dyslexia Simulation

Five participants evaluated the dyslexia simulation tool, and as Fig. 4 shows, this
method was also regarded highly. The tool had the second highest evaluation in the
Ease of learning category with a score of 6.35 (r = 0.3). This is not unexpected since
the method requires only the push of a button in the browser to be enabled. Both
Usefulness and Ease of use also had high scores with 5.33 (r = 0.57) and 5.62
(r = 0.67). A designer said, “The dyslexia simulator makes me realize how important
it is to use common and simple words because those are easier to recognize when they
are scrambled. I will definitely use this tool to show the management how it will be
perceived by people with dyslexia if we use long text with difficult words”.
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Fig. 4. Dyslexia simulation evaluation results

Empowering Agile Project Members with Accessibility Testing Tools 95



Overall the Dyslexia simulation method did good, in particular in the category Ease
of learning, as Fig. 4 shows. The method itself scored well above neutral (4) and might
have received even better scores if not for some bugs in the extension. This is also
reflected in the sub-question for Ease of use where the question “I don’t notice any
inconsistencies as I use it” scored 4.00 (r = 0.89), which is well below all the other
sub-questions. This is also probably connected to the fact that the extension did not
adapt all the text on the webpage.

The tool scored well overall with a total score of 5.53 (r = 0.53) and a 95%
confidence interval between 5.14 and 5.92. In the interviews, many participants said
that the method was an eye-opener experience. Participants also liked that it was easy
to visualize problems with too much text on a web page and that it emphasizes the
importance of writing good and readable text: One developer said, “I like this plugin.
I now see that the way you structure the text is very important. When you have too
much text close together, it is hopeless for a person with dyslexia”. Contrarily, some
noted that it could be difficult to understand how good the method was at finding
issues.

6 Discussion

Good accessibility is difficult to achieve, mainly due to its complex nature and the wide
range of people who must be considered. It does not help that accessibility testing is
conducted late in the development process when changes are costly to make, and
compromises are made instead. However, agile development can significantly help to
improve web accessibility due to its focus on regular testing [9]. Eklund and
Levingston [6] and Ferreira et al. [10] argue for more frequent testing where more cost-
effective methods are used several times throughout the project rather than relying on
few but large and costly testing activities, such as hiring accessibility experts to do
accessibility testing.

There is currently little research that offers concrete solutions for simple accessi-
bility testing in agile settings; most current research discusses just the possibilities for
accessibility testing in agile development. In this study, we have focused on giving
accessibility testing some much-needed evaluation in an agile project. The fast and
low-cost test methods in this study were perceived as useful and easy to use by the agile
project members.

Next, as other research also has suggested [9, 26], we found that accessibility needs
to be a team effort. Agile principles promote self-organization and communication
within the development team and make it possible to inspect even the smallest of
details when everyone is involved, instead of having only a few experts working on
accessibility. Several of the methods we tested addressed many of these concerns.
While some were easier to use and learn than others, they all were usable without
extensive training and learning sessions. Our results showed that all three methods we
tested, SiteImprove, the Cambridge glasses, and the dyslexia simulator, can be used
across the development team and utilized in such a way that it becomes a team effort
where testing can be commenced at regular but short intervals.
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All three accessibility testing methods we used in this study were low-cost and
perceived as very easy and quick to use. Most of them can be used very early in
development, some even before any code is written, merely going by design drawings.
There is no doubt that accessibility testing can be included early in agile software
projects. Using any of the tools will enable testing to be done more often. The inter-
viewees also suggested regular workshops at which the agile team members together
could experience the solutions they made with different accessibility testing tools. Also,
if there are formal requirements from the organization or customer, these issues could
be discussed in planning and retrospective meetings and would probably be a more
frequent theme in the daily-standup meetings.

SiteImprove was quick in producing results and is the method that would cover the
broadest set of WCAG paragraphs in our study. One key factor in its success is the
automation aspect of the tool. It dramatically reduces the time spent finding bugs, and
the user is immediately presented with clearly defined statements of what is wrong and
how one can improve. It was not surprising that the participants rated SiteImprove as
easy to learn since most of the operations are provided automatically by starting the
extension. We had expected a lower total score of SiteImprove since the tool uses many
complicated terms and advanced terminology. A drawback with SiteImprove is that it
cannot be used until a solution has been implemented, rendering it not as useful for
designers or in the early phases. It is also limited by being able only to check what is
programmatically possible.

The Cambridge simulation glasses were, along with SiteImprove, the method that
worked well in many situations. It also worked well in cases where SiteImprove cannot
help. Use of the glasses is not dependent on a solution having reached a certain level of
development. The glasses can be used early in development on visual concepts, for
example on sketches or prototypes. They are also platform-independent and can be
used on any software or visual representation, making it a universal accessibility tool.
One aspect remarked on by many of the participants who tested the method was that the
glasses gave an overview of the product in its entirety. Being able to view the product
from a higher perspective rather than fixating on small details also contributes to why
so many liked to use the glasses.

We included the dyslexia tool because we wanted methods that covered cognitive
impairment, and this method was one of the few testing methods that are low-cost and
fast to test for this. The method was rated higher than we had foreseen, particularly
because we expected more participants to misunderstand the idea behind the method.
The tool received good results on the USE Questionnaire. However, with this tool, the
testers have to interpret the results based on their knowledge of dyslexia. Some testers
reported that the plugin could be helpful to discover text where long and complicated
words were being used, and where the structure and layout were not organized. The
improved accessibility by employing clear and concise language is an aspect not
addressed by any of the other tools.

6.1 Threats to Validity

As with all empirical studies, there are some threats to validity that we need to consider.
First, we used a single-case design and, as a result, have the possibility of bias in the
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data collection and analysis. Therefore, the general criticisms of single-case studies,
such as uniqueness, may apply to our study. However, as the company had been using
agile methods for many years, developing bank solutions for a wide variety of people,
we found it to be a valuable case for investigating accessibility testing in agile software
development. Furthermore, we triangulated the research question from multiple sources
of evidence such as interviews, observations, and questionnaires to increase the quality
of the case study [12].

Second, when using self-reported data to measure usability of tools, one might have
the “social desirability bias” [27] where respondents respond more positively to rating
questions because they unconsciously want to satisfy the facilitator giving them the
questionnaire. To reduce this bias, following the advice of Albert and Tullis [25], we
collected the responses anonymously on the web, and we did not look at the results
until afterward.

6.2 Implications for Practice

Our results show that agile accessibility testing methods are not well-known among
agile team members. Accordingly, agile projects should invest in simple tools that can
be used by all roles, and project members should be informed about the techniques they
can use. We found that the three tools tested were useful and should be used regularly
in agile projects as they are also cost-efficient. For software developers who consider
using accessibility testing tools, we suggest that Cambridge glasses be used early, as
they do not require much effort from the agile developers. As the product becomes
more stable, SiteImprove can be used regularly.

The methods and tools we have evaluated have been used with the intention of
testing software and finding accessibility issues. In the larger scheme of accessible
software, we suspect that using these tools, especially the ones that simulate an
impairment, might have secondary benefits. Exposure to the type of simulation testing
such as with the Cambridge glasses and the dyslexia simulator can give the tester a
heightened sense of awareness of issues that could come into conflict with impaired
users and foster more empathy and understanding.

Many comments were made that the testers had new insights and understanding.
The new knowledge about how different users perceive software can give developers a
subconscious ability to shape software in a more accessible direction, outside of
directly applying accessibility methods. So, while the methods described in this paper
might not be chosen to be used regularly, there can be a significantly insightful
experience for agile developers to try these methods, and they can put that experience
to use in later development.

There is still a way to go to more easily integrate accessibility testing into agile
work processes. The existing tools should be more compatible with agile processes,
and agile project members should have a wider variety of accessibility testing tools to
aid them in making accessible software. Implementing this would reduce the resources
needed for accessibility testing by continuing the work toward more lightweight and
comprehensible tools, as well as making the surrounding issues with impairments more
visible and the knowledge of how they affect software interaction more obtainable. This
will aid in weaving accessibility into the development process.
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Another barrier is that many testing tools are platform-dependent. Tools are not
uniformly available on all operating systems, browsers, and developer tools. The dif-
ferent tools have their own characteristics, and integration and learning can be made
more arduous because of this. Tools that support software not intended for web or
mobile are also rare. The lack of diverse tools available on many platforms hampers
any attempt to make accessibility a more uniform process as it now has to be indi-
vidually tailor-made depending on the hardware and software available to developers,
and without the right combination, it can be challenging to cover a wide range of
impairments with tools.

7 Conclusion and Further Work

We have evaluated three different tools for accessibility testing, in addition to inter-
viewing the participants and observing them in their daily work in software develop-
ment teams. We argue that the methods we tested will help to discover accessibility
issues while keeping costs low in an agile project. In our study, when introduced to the
tools, the project members became more aware of how to make the software more
accessible, and they had a positive attitude toward using the tools throughout their
projects. The interviewees stated that they wanted accessibility work to be a team effort,
rather than the responsibility of the UX designers or accessibility consultants.

Further work should test other accessibility tools such as screen reader, WCAG,
and Personas to try to find an approach for these tools to be integrated into an agile
development project. Furthermore, future work should investigate the connection
between the cost of doing accessibility work throughout the agile process with the cost
saved by fixing accessibility issues early.
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Abstract. One of the main challenges faced while establishing the inte-
gration of Agile and User-Centered Design is how to facilitate commu-
nication among the invariably distinct involved practitioners. Advocat-
ing the use of artifacts as enablers in this scenario, this paper aims to
explore and understand the artifacts which can facilitate the commu-
nication between developers and designers in an Agile User-Centered
Design approach. Drawing upon a netnography of a globally-distributed
online community, we carried out community observation, data collec-
tion, and data analysis. The data analysis and interpretation pointed
out two major themes: artifacts facilitate communication and artifacts
support collaboration. Our paper provides an overview of the artifacts
used for communication in Agile User-Centered Design and highlights
how artifact-facilitated communication ensues in the industry through a
perspective from practitioners.

Keywords: Agile User-Centered Design · Artifacts · Communication ·
Netnography · Online ethnography

1 Introduction

Agile User-Centered Design (AUCD) evolved from different motivations. On the
one hand, Agile aims to satisfy customers through timely releases and respon-
siveness to change requests without compromising software quality. On the other
hand, User-Centered Design (UCD) aims at ensuring appropriate usability of
the implemented software, a characteristic that has not been sufficiently consid-
ered either in traditional plan-driven approaches nor in agile approaches. UCD
addresses this issue but does not consider Agile principles [4]. There is an inher-
ent tension between both schools of thought, and this tension is a core reason
why researchers, seeing the value of both arguments, have been investigating
how to integrate both approaches [9].

First concrete attempts to integrate Agile and UCD approaches were pub-
lished about a decade ago. For instance, Sy [30], Fox et al. [12], Ferreira et al. [11],
and da Silva et al. [8] came up with very similar proposals about the integration
c© The Author(s) 2019
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between these two approaches. However, such interaction on a daily basis is still
a concern, and one of its main problems is how to facilitate1 communication
between the invariably distinct involved practitioners aiming to build a shared
understanding regarding the project context.

This shared understanding among Software Engineering (SE) and Human-
Computer Interaction (HCI) individuals is critical to the success of several agile
projects, but little has been known about how communication works [5]. Fur-
thermore, the reliance on communication within agile teams is a fundamental
characteristic [29]. In AUCD, designers and developers must be prepared to
communicate and collaborate.

As Brhel et al. [4], we advocate the idea of artifact-mediated communication
in this scenario. Aiming to identify and understand the artifacts used to facilitate
the communication between designers and developers in an AUCD approach we
carried out a netnographic study in a globally-distributed online community of
agile practitioners.

To contextualize our findings, we present a general view of the artifacts used
in AUCD (Sect. 2). Then, we detail how the netnographic study was planned and
conducted (Sect. 3), and then we present our main findings (Sect. 4 and discuss
(Sect. 5). Finally, we draw upon our findings to elaborate our conclusions (Sect. 6)
and future work (Sect. 7).

2 Artifacts in AUCD

Salah et al. [24] conducted a systematic review to identify restriction factors
regarding Agile and UCD integration and explored practices to deal with them.
One of their findings in this review was about the dynamics between develop-
ers and designers which addresses the ongoing and continuous communication
between the teams. Regarding sharing and understanding design tasks, some
practices have been used, such as design studio, developers participating in User
Interface (UI) specifications and shared artifacts within the team.

Brhel et al. [4] identified five principles for the integration of Agile and UCD
in their study. The fifth one is: “artifact-mediated communication – in AUCD
approaches, artifacts should be used to communicate, and document product and
design concepts, and should be accessible to all involved stakeholders.” For these
authors, this principle consists of the use of tangible and up-to-date artifacts –
accessible to all involved stakeholders – to document and communicate product
and design concepts, which corroborates Schön et al. [26] that state that artifacts
can also be used for communication, elaboration, validation, and documentation
of requirements in agile environments.

Bearing in mind the importance of the artifacts for the Agile UCD integra-
tion, Garcia et al. [13] carried out a systematic mapping to identify which are
the artifacts used and in which contexts they have been used to facilitate the
1 Noteworthy, we are using ‘facilitation’ as a means of helping people to deal with a
process or to reach an agreement or solution without getting directly involved in the
process, discussion, etc.
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communication in Agile User-Centered Design approaches. In this systematic
mapping, the authors identified 20 different artifact groups that play a critical
role as a communication facilitator. Prototypes and User Stories stand out as
the most used artifacts. Besides, Personas, Sketches, Scenarios, and Wireframes
also emerge as essential means for organizing communication and collaboration
among AUCD team members.

This mapping study [13] also revealed five distinct events involving arti-
facts used as communication mediators – Discovery, Planning, Iterative Cycle,
Review Meeting, and General Meetings. The Iterative Cycle was the event with
the greatest sharing of artifacts, and, in this event, Prototypes, and User Sto-
ries once again were the most cited artifacts. Furthermore, artifacts are being
used both in physical and electronic formats. Physical artifacts are commonly
used throughout Planning and Discovery events; whereas the electronic ones are
mostly used during the Iterative Cycle, often as a basis for development.

The importance of the role that artifacts play for AUCD is evident in the
literature. However, while their importance is clear, there is no evidence con-
cerning which artifacts are used for the communication between developers and
designers, and how and in which ceremonies they are used.

Based on the studies analyzed – AUCD and Artifacts within this context –
we can emphasize the importance of specific artifacts to improve teams’ commu-
nication. Therefore, to understand – from a practitioners’ perspective – how and
when these artifacts have been used to promote communication within AUCD
contexts, we carried out a netnographic study as described as follows.

3 Method

During the last two decades, online environments became rich and vital grounds
for ethnographic studies [23]. In the same period, online communities have
become one of the most popular forms of online services [21]. Online communities
are essentially forums for meeting and communicating with others [2], or in a
more detailed definition, online communities are web-based online services with
features that make it possible the members to communicate with each other [21].
Along with online environments, the growth of online communities brought by
Computer-Mediated Communications (CMC) established a solid research field
for online ethnography studies [20].

Online ethnography adopts principles of ethnographic research molded in
offline environments and applies them to online environments with necessary
adjustments [23]. One of the online ethnography methods is netnography. Devel-
oped by Kozinets, netnography is a qualitative research method which adapts
ethnography research processes to study cultures and communities that are
emerging through CMC [17]. According to Kozinets [18], online ethnography
is a generic term used when performing any type of ethnographic research using
some sort of online method. Thus it is important to define netnography as a
method by referring to a “specific set of related data collection, analysis, ethical
and representational research practices” [18].
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Thereby, we adopted the netnography method to identify and understand the
artifacts used to facilitate communication between developers and designers. The
netnography method performed in this study followed the steps of planning and
entrée, community observation and data collection, data analysis, and reporting
as per Kozinets guidance [18] on conducting netnography.

3.1 Planning and Entrée

This step involves the formulation of the research objective and questions, screen-
ing and identification of appropriate online communities. Furthermore, it is
important to learn about the communities of interest and define the criteria
to select the community that will be studied.

Definition of Research Questions. The goal of this netnographic study is to
understand how artifacts are used to facilitate communication between designer
and developer on AUCD approach according to practitioners, which partici-
pate in discussions on online communities. Therefore, we defined three research
questions: (RQ1) Which artifacts are used to facilitate communication between
designer and developer? (RQ2) In what events are these artifacts being used?
and (RQ3) What’s the role the artifacts play?

Identification of Online Communities. In order to discover appropriate
online communities, we took into account the research goal, which led us to
search for communities containing the terms “Agile”, “User-Centered Design”
or “Agile User-Centered Design”. Ideally, the community should focus on AUCD,
but since this is an approach that can be taken by Agile and UCD, all the three
terms were included. Moreover, it is important to mention that in the industry
the term User-Centered Design is widely known as User Experience Design,
hence we also included this wording to search for communities of interest.

We performed this search using as base Facebook and LinkedIn groups as
well as Slack communities. These revealed 36 communities that seemed relevant
to the study. Communities containing the research topic but related to job offers,
focused in a specific region or country and created for a particular company were
not included.

Criteria Definition to Select the Community. The selection criteria were
composed of seven factors including relevance, activity, interactivity, substantial-
ity, heterogeneity, richness, and experientiality [18]. The relevance is the first and
most important factor. For a community to be considered relevant it should have
relation to the research focus and questions. The community needs to be active
containing recent and regular communications. Interactivity factor is related to
the flow of communication between members. Substantial factor regards to the
mass of communicators and energetic feel. The heterogeneity factor concerns
about either a variety of difference or a consistency of similar type of partici-
pants. The community should be rich in data offering more detailed or descriptive
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data. Finally, there is the experiential factor which is related to the experience
that the community offers to the members.

Community Selection. Based on the selection criteria, and considering the
relevance as the most important factor we selected the Scrum Practitioners
LinkedIn Group. The decision to cherry-pick this community was based first on
the relevance factor, once the community’s topic was aligned with the research
focus. In addition, the main purpose of this community is to help and spread
the knowledge and implementation of agile for practitioners actively practicing
the agile product development. Secondly, this community had the most activ-
ity containing the average of 2 posts (main threads) and 33 messages per day,
the most interactive with the average of 18 comments per post, and therefore
contained the most data. Moreover, the community was considered substantial
containing 98431 members.

3.2 Community Observation and Data Collection

The second step of the netnographic research involves community observation
and data collection [18]. Once we chose the community we could start collecting
the data. However, foremost it is imperative to ensure ethical procedures for any
online ethnographic study.

Ethical Procedures. Prior to the observation and data collection, ensuring
ethical research must be an important part of the netnographic research plan-
ning. Therefore, to address the ethical issues we followed the procedures defined
by Kozinets [18]: identifying the researcher profile and informing members about
the research; asking for proper permissions; gaining consent when needed. Thus,
we updated our user profiles containing the role as Researcher, additionally, we
used the affiliation to openly, and accurately identify ourselves to the community
and administrators.

Scrum Practitioners is a closed LinkedIn group with well-defined rules and
two administrators. A group administrator is a legitimate gatekeeper who the
researcher should approach prior to contacting other group members or collect-
ing any data [18]. In LinkedIn Groups, gatekeepers assume the roles of Owner,
Manager or Moderator and they are deemed a ‘data controller’ as stated by
LinkedIn Groups Terms of Service [19].

Because of LinkedIn Groups terms, and considering the administrator as a
gatekeeper, we properly asked the group’s manager for permissions aimed at data
analysis and interaction with the group. Besides, group members were informed
about the research with an accurate description of the research focus and interest.
No direct quotations were used in the report or publications to ensure the user’s
anonymity; once direct quotes are increasingly easy to identify through search
engines. Also, all data were treated using pseudonyms for the group members.
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Data Collection Strategy. Netnographic data can assume three forms [18]:
archival data, which is already recorded and stored; communicatively co-created
or elicited data; and, participative-authored field note data. Additionally, data
collection has two elements, which are the data the researcher straight copy from
online communities’ platforms and the data the researcher writes in from their
observations of the community.

Loanzon et al. [20] described that data collection in netnography usually is
textual. As per observation, Scrum Practitioners group is mainly focused on tex-
tual communication, and their interactions happen through a post, that is usu-
ally a question from some agile professional, and the comments on this post from
other members trying to collaborate with an answer. Based on LinkedIn Groups
post structure, we collected textual data from posts and comments focused on
the research questions. Thereby, the collected data derivate from historical posts
(archival data), researcher interactions (elicited data), and researcher sketches
as field notes (participative-authored data).

We collected archival data bearing in mind the research questions. Thus
only posts related to the study topic were downloaded. LinkedIn groups keep
all historical posts available, but only posts from March 2015 were gathered to
have the most recent discussions. Furthermore, LinkedIn groups provide a search
engine inside the community, which supported the archival data exploration. We
performed the data collection from August 2017 to January 2018.

Posters Categorization. Posters are community members who interact with
the group. According to Kozinets [17] they can be sorted in four categories:
Tourists, Minglers, Devotees, and Insiders. To match the reality of this study,
the description of each category was adapted to be aligned with the study’s sub-
ject; thus instead of use “consumption activity” wording to define the member
engagement, as originally stated by Kozinets, it was adapted to “group topic”.
Thus, all four categories are detailed next.

Tourists, who lack strong social ties, maintain a superficial interest in the
group topic. They have shallow participation in the community, and potentially
their participation in the group will not last very long. Tourists are in the com-
munity to get information [20]. Minglers, are members who have strong social
ties but least interest in the group topic. They have high visibility but limited
influence. Devotees are members who maintain a strong interest in group topic
but few attachments to the online group. They do not participate actively in
all posts, but only in some specific threads that they are interested. Insiders are
the leaders of the community, they are both passionate about the group’s topic
and sensitive to the social welfare of the community. In other words, they have
strong social ties and a high group’s topic interest. They are well respected by
other community members and have frequent and highly visible participation in
almost all posts. Therefore, we categorized the members according to these four
categories for all collected comments. Besides, we collected information related
to the members’ industry, job position, region, and skills to help contextualize
their comments.
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3.3 Data Analysis and Interpretation

Data collection and data analysis is a simultaneous process in qualitative
researches [7]. Thus, this netnographic research step occurs concomitantly with
community observation and data collection [17]. This step involves organizing,
reading, coding, categorizing, and interpreting the data.

Data Analysis. We followed the data analysis approach from Creswell [7]
through the six defined stages. The first stage commences with data organization
and preparation for the analysis. The second stage regards to read and look at
all data, in order to have a general sense of information and reflect on its overall
meaning on the information collected from participants. Stage 3 addresses the
data coding, which is the process of arranging the data by grouping and writing
a word representing a category. Stage 4 concerns to generate a description of the
setting or people, and also create categories or themes for analysis. Themes or
categories can also use the approach of coding, and they are described as the
major findings in a qualitative study. In stage 5, it is the moment to define how
description and themes will be pictured. Stage 6 is the final step in data anal-
ysis, which involves an interpretation of the findings or results. Hence, we took
advantage of these six stages approach to analyze the data. Also, we used the
qualitative data analysis software QSR International’s NVivo 11 [22] to perform
the data analysis.

Data Organization. Whereas we used the software NVivo to analyze and
code all the collected data, it is essential to describe how we organized it. First
of all, we imported collected posts into the tool as internal sources and organized
them as archival data or elicited data as previously mentioned. Each post was
defined as a major case, and each member’s comment was considered as an
inner case, which was helpful for the coding process. Codes are treated as nodes
on NVivo; consequently, we organized and created all codes under the nodes
structure. Finally, we classified all inner cases containing the posters information
and details according to the posters categorization.

Data Coding. Data coding is the process of organizing the data by grouping
related data and labeling these categories with a term [7]. Since we have benefited
from the results of Garcia et al. [13] we defined a preliminary codebook based on
the theory which evolved during data analysis, ending up with 31 codes. From all
codes, “Events” and “Artifacts” had sub-nodes that were used to break down
the analysis per event and artifact. Furthermore, data coding was performed
manually on text-based data since the collected data was textual.

4 Findings

The final set of collected data comprises six main posts, with a total of 134
comments, including archival and elicited data (Table 1). Most of the posts were
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from 2017, with no related posts between March 2015 and March 2017. Alto-
gether 63 distinct members, from 18 different countries, participated in the posts
discussions. The majority of the members who interacted in the collected posts
were categorized as Devotees and Insiders due to the level of engagement in
Scrum Practitioners LinkedIn group. From the 63 members, 49 were categorized
as Devotees, 11 Insiders, and 3 Tourists. Summing up, 95,3% of the members
who participated in the collected posts were Insiders and Devotees. According to
Kozinets [17], preliminary research reveals that enthusiastic, devoted, energet-
ically involved, and experienced user segments are represented by Insiders and
Devotees in online communities.

Table 1. Collected data

Source Data Type Comments Post Date Collected Date

Post 1 Archival 6 03/12/2015 08/03/2017

Post 2 Archival 27 03/15/2017 08/05/2017

Post 3 Archival 13 08/23/2017 10/15/2017

Post 4 Elicited 30 10/19/2017 11/09/2017

Post 5 Archival 29 12/14/2017 12/17/2017

Post 6 Archival 29 12/18/2017 01/02/2017

Our first analytical lens was focused on answering the question (RQ1) Which
artifacts are used to facilitate communication between designer and developer?
Our findings reveal that seven distinct artifacts were mentioned by Scrum Prac-
titioners community members as facilitators in communication between designer
and developer. Moreover, the results from Garcia et al. [13] demonstrate that 20
artifacts accomplish this purpose. Therefore, to concentrate on the most used
artifacts, we highlighted the intersection between this systematic mapping study
and the findings herein presented (Fig. 1). The list of artifacts that were men-
tioned as communication facilitators includes user story, wireframe, prototype,
mockup, sketch, and persona.

USER STORY WIREFRAME

PROTOTYPE MOCKUP

SKETCH PERSONA

UI FRAMEWORK

CARDS

SCENARIO

UI DESIGN MAPS

USER FLOW

STORYBOARD

GUIDELINESSTORYTELLING

USE CASE

MODELS

UX TARGET

RESEARCH
RESULTSLISTS

BLUEPRINT

Systematic Mapping Online Ethnography

Systematic Mapping 
AND 

Online Ethnography

Fig. 1. Intersection between the Systematic Mapping and the Online Ethnography

All these artifacts may be used in different events of AUCD approach, which
led us to answer the second question (RQ2) In what events are these artifacts
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being used? Our findings demonstrate that artifacts facilitate the communication
throughout the AUCD events, starting with discovery sessions and going to the
agile events including planning, iterative cycle, review, and backlog refinement.

For each event, the artifacts can be used for distinct purposes. The outcomes
for question (RQ3) What’s the role the artifacts play? disclosed that during
discovery session artifacts as wireframes and prototypes are used to communicate
and validate an idea, while personas delineate the user profile and create a shared
understanding, as noted by some practitioners. User stories and wireframes were
the most cited artifacts on Scrum Practitioners community, consolidating 50%
of all artifacts references.

Users story helps to clarify what should be implemented. As Trenton2 has
noted, a well-written user story facilitates the communication, when the designer
describes the interactions in the acceptance criteria, and the developers can
estimate the effort necessary to implement the story (Trenton, posted on Scrum
Practitioners, March 15, 2017). These user story roles are also mentioned by
Beyer et al. [3]. They state that user stories are shared with the development
team and they can use them to estimate how much effort they require for the
next iteration. User stories also facilitate discussions to define if a determined
feature will deliver or not value for the product. This discussion also involves
the breakdown of large user stories into thin vertical slices, which involves all
architectural layers from the user interface to the backend code.

Wireframes support the description of a user story. They are used to sup-
port the acceptance criteria and communicate illustratively how a user interface
should be structured. Since they illustrate high-level concepts and behaviors
[15], wireframes complement user stories description and are necessary to define
when a story is ready for development (Ambrose, posted on Scrum Practition-
ers, December 17, 2017). An overview of all artifacts correlated with the events
where they were mentioned and their roles are represented in Table 2.

5 Discussion

The qualitative data analysis and interpretation resulted in two major themes
related to our research questions: (1) Artifacts Facilitate Communication and (2)
Artifacts Support Collaboration. Nevertheless, before start addressing them, it is
essential to discuss team structure. In all collected posts, there were discussions
regarding where the designer should work, if as part of the Scrum Team or as
part of a “Design Team”. This discussion was generated because Scrum Guide
[28] states that the Scrum Team consists of a Product Owner, the Development
Team, and the Scrum Master, and has no citation to design discipline or designer
role. However, the Scrum Guide also explains that Development Teams are cross-
functional, containing all the necessary specialized skills to create a product
increment. Thus, the community understanding is that the team must be cross-
functional and the designer should be part of the team. Furthermore, considering
2 As mentioned in the ethical procedures, we used pseudonyms to refer to members
when discussing their comments.
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Table 2. Overview of artifacts, events, and roles

Artifact Events the
artifacts were
mentioned

Roles/Used to

User story Planning Clarify what should be implemented

Estimate how much effort is required

Clarify and communicate what will integrate an iteration

Iterative cycle Provide UI definitions

Wireframe Discovery Communicate illustratively how a UI should be structured

Communicate and validate an idea

Planning Communicate the requirements

Support the description and AC of a user story

Help to estimate how much effort is required

Review Share results of the iteration

Prototype Discovery Verify the user interface

Verify interactions feasibility in terms of technical support

Planning Communicate how the UI should be created

Clarify and communicate what will integrate an iteration

Iterative cycle Foundation to create mockups

Review Share results of the iteration

Mockup Iterative cycle Communicate the UI details

Review Share results of the iteration

Sketch Backlog
refinement

Briefly describe a backlog item

Persona Discovery Delineate the user profile

Create a shared understand

Iterative cycle Helps the team to focus and discuss core product functionalities

Confirm the team is going in the right direction

the approach of AUCD, which has design discipline involved, the team must have
a person with great skills in design as part of the team. Donnie has commented
about having the designer as part of the team, stating that the designer sits with
the team when he/she is not interacting with the end-users (Donnie, posted on
Scrum Practitioners, March 24, 2017). Donnie’s comment was also supported
by other members. Several citations of word “together” referring to the team,
were encountered in the analyzed data, as displayed in the word tree (Fig. 2).
Moreover, other synonyms were used to state that the designer should be part
of the team, such as “along”, “alongside”, “part of”, “sitting with”, “whole”,
“integrate”, “embedded”, “jointly”, and “work with”.

5.1 Artifacts Facilitate Communication

Agile Manifesto asserts in the first sentence: “Individuals and interactions over
processes and tools” [27]. Thus, interactions among professionals in the AUCD
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Fig. 2. Word tree generated from word “together”

approach are essential to conduct the product to the right course and deliver
value. A common form of interaction is communication. Designers and develop-
ers communicate in different agile events using different artifacts as facilitators.
The communication occurs throughout the entire AUCD flow, starting from
discovery session, passing through all agile events including planning, iterative
cycle, review, and backlog refinement.

As Mathew has noted, during discovery sessions the team, including devel-
opers, testers and designers, meet to create low fidelity prototypes to verify the
User Interface and interactions feasibility in terms of technical support (Mathew,
posted on Scrum Practitioners, December 20, 2017). Thus, the team uses low
fidelity prototypes to communicate how the User Interface should be created
considering user experience and technical perspectives.

Wireframes and personas were also mentioned as communication facilitators
through discovery sessions. Personas are used to delineate the user profile and
create a shared understanding between the designer and the developer regarding
the product focus. On the other hand, designers use wireframes to validate an
idea with users and then employ these same wireframes to validate whether the
development team can build it considering how much effort it takes in terms of
feasibility and finances. Herman has mentioned that developers can understand
what the requirements are, estimated how much effort it will take, and define
how they will build them (Herman, posted on Scrum Practitioners, December
19, 2017). Furthermore, Ambrose has commented that these resultant artifacts
from discovery sessions are used as foundation to write user stories and/or refine
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the acceptance criteria of existing user stories that will feed the product backlog,
ensuring that the highest priority backlog items are ready to be designed and
built (Ambrose, posted on Scrum Practitioners, December 17, 2017). Therefore,
wireframes are used as a mean of communication to explain what are the user
needs resulting from discovery sessions, as well as to validate and estimate how
the requirements should be built.

Likewise, prototypes, as well as user stories, are relevant during planning
events where they are used to define what will integrate an iteration. During
the estimation process, designers use these artifacts to provide more details to
developers for a more accurate estimation [10]. In general, at this event artifacts
use to be more flexible and lightweight to facilitate face-to-face communication.
Therefore, in the planning, the artifacts are intended for clarifying and sharing
the work for the iterative cycle that is starting.

During the iterative cycle, the preliminary prototypes created throughout
discovery sessions are used as a reference for designers to generate mockups. All
along the iterative cycle, mockups are used to communicate how the user inter-
face should look like, supported by the prototype and user story, which together
define the user interface behavior (Frederick, posted on Scrum Practitioners,
March 18, 2017). Thus, mockups are important to communicate the user inter-
face details such as colors, typography, and spacing, while prototypes and user
stories provide the user interaction definitions. Personas were also mentioned as
a communication facilitator during the iterative cycle. This artifact helps both
designer and developer to focus and discuss the core product functionalities.
Personas are used as means to confirm that the team is going to the right direc-
tion to implement the user stories, thus delivering value to the product (Sophia,
posted on Scrum Practitioners, December 15, 2017).

By the end of each iteration, there is the sprint review event. During this
meeting, while the developers demonstrate the work that has been done, design-
ers can show what is the result of parallel design track. Frederick has posted
that wireframes, mockups, and prototypes are shown as result of designer’s work
in the sprint review, even knowing that these artifacts cannot be deployed as
part of the product increment (Frederick, posted on Scrum Practitioners, March
18, 2017). Thus, during sprint review designers can communicate what are the
resultant artifacts, and use them to provide an overview of what will be possibly
included in the next sprint.

Finally, before the succeeding sprint planning, it is time for product backlog
refinement – also known as backlog grooming by practitioners. For the time of
refinement, sketches are used to describe the backlog item quickly. They are used
to add brief details to a user story, and the designer can easily communicate with
the developers about what is expected from the user story even before to have
a wireframe or a prototype. (Tylar, posted on Scrum Practitioners, October 20,
2017). Therefore, sketches facilitate quick communication during refinement and
help other team members to have a shared understanding.
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5.2 Artifacts Support Collaboration

The collaboration between designers and developers should be supported by
facilitating communication of design vision [25]. As mentioned by the authors,
sharing an understanding of the design vision can be achieved via design think-
ing [6], engaging the whole team in design practices and UI specifications, and
sharing design artifacts. Design thinking discipline creates an atmosphere of col-
laboration where the entire team, including designers and developers, can create
low fidelity prototypes together to match users needs and technical feasibility
(Benjamin, posted on Scrum Practitioners, December 18, 2017). Consequently,
the collaborative environment is extremely tied to the community understanding
related to the team working as a whole. Figure 3, shows some excerpts consider-
ing the code collaboration, which corroborate the idea of close collaboration.

Fig. 3. Word tree generated from code “collaboration”

Moreover, InVision [16] and Confluence [1] were mentioned as collaborative
tools. InVision provides a collaborative view where developers and designers can
interact over shared mockups and prototypes, posting comments and defining
the user interface (Marianna, posted on Scrum Practitioners, October 22, 2017).
Confluence provides a template where wireframes can be attached, and it also
contains a section to add comments and discussions about the artifact (Marlina,
posted on Scrum Practitioners, October 21, 2017).

Another collaborative approach mentioned by the community was Lean UX.
Lean UX stands on three foundations: design thinking, agile software develop-
ment, and Lean startup method [14]. Since this approach stands on these three
foundations, it also considers the team is working as a single unit, creating a col-
laborative environment. The author states that the artifacts such as stick notes,
sketches, wireframes, and paper prototypes, created during kickoff and ideation
sessions – also named discovery stage – are meaningful to the team since they
created these artifacts together. Thus, Lean UX also defends the idea of using
artifacts to support collaboration and creates a shared understanding necessary
to create the team synergy.
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6 Conclusion

Agile and UCD methods aim to design and produce quality software from dif-
ferent perspectives. Agile User-Centered Design approach attempts to close the
gaps between these areas by bringing the most effective techniques, methods,
and artifacts of each of them. Nonetheless, not only different aspects affect this
integration, but also the communication between different professional profiles,
such as designers and developers, have a high influence on it.

The study herein presented focused on the artifacts used to facilitate the
communication between designers and developers in an Agile User-Centered
Design approach. Through an online ethnography study applying a netnography
method, it was possible to identify and understand the artifacts that facilitate
communication, which event they are used, and what is the role they play to
facilitate communication. The findings pointed out two major themes: (1) Arti-
facts Facilitate Communication and (2) Artifacts Support Collaboration. The
themes interpretation and delineation show the usage of artifacts to facilitates
teams’ communication.

The outcomes of this study contribute to further studies regarding Agile User-
Centered Design approach, integrating both Software Engineering and Human-
Computer Interaction areas. Also, they highlighted how the artifact-facilitated
communication ensues in the industry through a perspective of practitioners that
participate in online communities.

Overall, contextual factors such as skill sets, experiences, and personalities
of people involved impact on artifact-facilitated communication. Moreover, the
choice of artifacts may vary over time, both as context change and as the team
members learn what is effective for them. Additionally, team configuration and
distributed teams influence on how the team’s interactions and collaboration
occurs, likewise including artifact-facilitated communication.

7 Future Work

A future study might extend the work presented in this paper. It became clear
during the netnography analysis that communication factors impact the dis-
tributed teams, and artifacts that are used face-to-face cannot be applied to this
team configuration. A member from the analyzed community even commented
that distributed teams should be avoided whenever possible, due the complexity
to manage communication between people (Vicent, posted on Scrum Practition-
ers, March 1, 2015). Other members also commented that even the teams are
distributed, it is important to get together for events such as planning and ret-
rospectives, to work in the same space for some time, and to build a rapport
among the team members.

Another point mentioned by several members is that planning meetings
should involve the entire team, if possible in the same physical place if it is not
possible video conferences can be used to have all team members understand-
ing the work and sharing it. Thus, considering the distributed teams scenario,
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how are the distributed teams impacted by artifact-facilitated communication?
Which are the applied artifacts when teams are distributed geographically?

Furthermore, it is possible to research the impact of different artifacts com-
bination and interrelation; for instance, the sequence they are created and how
they support the creation of new artifacts. Another perspective that can be
studied is communication not only between developers and designers but also
extended to reach the strategic levels of decision-making.

Acknowledgement. The authors would like to thank all the participants in this
study. This research was achieved in cooperation with HP Brasil Indústria e Comércio
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Abstract. In agile software development, a core responsibility of the product
owner (PO) is to communicate business needs to the development team. In
large-scale agile software development projects, many teams work toward an
overall outcome, but they also need to manage interdependencies and coordinate
efficiently. In such settings, POs need to coordinate knowledge about project
status and goal attainment both within and across the development teams.
Previous research has shown that the PO assumes a wide set of roles. Still, our
knowledge about how POs coordinate amongst themselves and with their teams
in large-scale agile is limited. In this case study, we explore PO coordination in a
large-scale development program through the theoretical lens of Relational
Coordination Theory. Our findings suggest that (1) coordination varies
depending on the context of each PO, (2) a focus on achieving high-quality
communication changes coordination over time, and (3) unscheduled coordi-
nation enables of high-quality communication.

Keywords: Large-scale agile � Agile software development � Coordination �
Relational Coordination Theory � Product owner

1 Introduction

Coordination is key to large-scale agile software development projects [4, 6]. In large-
scale agile projects, the number of interdependencies requires the collective input of
multiple teams and individuals, often with nonoverlapping knowledge sets. Because of
frequent changes, size, and complexity, large-scale agile projects have a high level of
uncertainty. In such high uncertainty contexts, it is more important to control output
(e.g., by setting goals and targets) than to control behavior (e.g., through rules and
programs). This can be achieved by relying on continuous feedback and mutual
adjustment [20]. Furthermore, the high levels of uncertainty and dependencies in large
agile projects require subcentral unscheduled coordination and the need for coordi-
nation mechanisms to continually emerge [22]. Additionally, delivering value fre-
quently requires work and knowledge coordination on different levels (e.g., the
program, project, and team levels). Teams need to manage dependencies with other
teams, experts, managers and stakeholders [26]. To achieve effective coordination,
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participants must be connected through relationships of shared goals, knowledge and
mutual respect [12, 13].

Inter-team coordination is one mechanism for managing dependencies in large-
scale agile. Dingsøyr et al. [6] described 14 inter-team coordination mechanisms in a
large-scale software project, while Stray et al. [28] identified 20 mechanisms (11
synchronization activities and nine synchronization artifacts). Paasivaara et al. [24]
found that the product owner (PO) and the PO team were critical in assisting with inter-
team coordination. To understand coordination in large-scale agile, the PO role and the
coordination mechanisms related to this role are crucial to understand. To the best of
our knowledge, the existing literature does not address how POs coordinate work
within and across teams in large-scale agile.

Motivated by the importance of coordination in large-scale agile and the need to
understand the coordination in PO teams, our research question is as follows: How do
product owners coordinate work in large-scale agile?

The study was conducted in a large-scale software development program, here
referred to as the PubTrans program, where 13 development teams work toward the
same overall goals. Here, the teams rely on agile methods of choice. Some use a
Scrum-based approach, while others use Kanban or some combination of agile prac-
tices. As such, there is no one unified agile approach across the teams. Furthermore,
while POs coordinate with a range of stakeholders, our focus in this paper is on how
POs coordinate with each other and with their teams. The remainder of the paper is
organized as follows. Section 2 outlines related work. In Sect. 3, we describe our
research methodology. In Sect. 4, we present our findings, further discussed in Sect. 5
which also concludes the paper with a summary of major findings.

2 Background and Related Work

2.1 The Product Owner Role in Large-Scale Agile

Agile approaches focus on self-management, emergent processes, and informal coor-
dinating mechanisms. The software team achieves coordination through the simple
process of informal communication [8]. Large-scale projects, defined as projects with
two to nine teams, or very large-scale projects, with more than 10 teams, introduce the
need for new or adjusted agile practices [6]. When scaling up, several challenges arise,
such as managing a larger number of stakeholders, keeping to the agile principles and
coordinating the different teams while maintaining an informal approach to commu-
nication [4–6, 8]. In large software projects, informal communication can take place
within teams, between groups of managers, or between groups of representatives acting
on behalf of their teams.

Most agile methods are concerned with good customer relationships, where the
customer should be involved, preferably on-site and co-located with the development
teams and project management [1, 19]. In Scrum, the PO is defined as a person who
gathers and prioritizes requirements and interacts with the customer [25]. In other agile
approaches, such as Kanban and XP, the role is not defined [19], but similar activities
are performed. In the PubTrans program, in which we conducted the study, the PO role
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is used, although the program does not use Scrum as the only agile approach. A PO
needs to understand what should be developed and translate and communicate these
business needs to the development team [1, 19]. The PO defines and prioritizes the
features of the product, decides on release dates and content, and is responsible for the
profitability of the product [29]. The development team is responsible for designing,
testing, and deploying systems, while the PO knows what system should be built.

In large-scale agile, one strategy for scaling the PO function is for the POs to form
teams to gather and prioritize inter-team requirements in the face of conflicting and
competing business needs [1]. The POs on these teams can either share responsibility
or be responsible for a subset of product features [24]. Bass [1] identified nine different
functions that POs have in large-scale projects, which included architectural coordi-
nation, assessing risk, and ensuring project compliance with corporate guidelines and
policies. As such, the PO role is a complex role with a broad set of responsibilities,
which in large-scale settings may need to coordinate complex, interdependent tasks and
team goals contributing to the overall goals of the software project.

2.2 Relational Coordination Theory

Relational Coordination Theory (RCT) is an established and empirically validated
theory that originated from research conducted in the airline industry in the 1990s [12].
RCT holds that relationships are central to coordination toward common outcomes. An
assumption is that relational coordination is stronger in more horizontally designed
organizational structures [14], which is important to large-scale agile [7, 23].

Relational coordination is defined as “a mutually reinforcing process of interaction
between communication and relationships carried out for the purpose of task integra-
tion” [13]. Gittell [12] proposed that relationships provide the necessary bandwidth for
coordinating highly interdependent work in uncertain and time-constrained settings and
that effective coordination in these settings is carried out through relationships of
shared knowledge, shared goals, mutual respect, and high-quality communication,
described in the below sections. These three concepts are mutually facilitated by fre-
quent, timely, accurate and problem-solving communication [11, 12]. Because large-
scale agile projects are characterized by high levels of interdependence, uncertainty,
and time pressure, and because autonomy is a central tenet in agile [4], we believe RCT
is an interesting theoretical lens for studying coordination in large-scale agile.

Shared knowledge informs participants of how their tasks, as well as the tasks of
others, contribute to the overall work process [12]. However, individuals and groups
working on different functional tasks often reside in different “thought worlds”, which
can hamper effective coordination because of the lack of insight about others’ work [9].
Drawing on sensemaking theory [32] and transactive memory theory [18], RCT sug-
gests that a shared understanding of the work process and a common understanding of
each other’s areas of expertise across roles facilitate the coordination of knowledge
[12]. When participants know how their tasks fit with other tasks in the work process,
they will better understand who will be impacted by changes; in other words, they will
understand who needs to know what, why, and when [11].
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In large-scale system development, no one can know everything. Therefore, teams’
and peoples’ knowledge networks are essential. Šmite et al. [26] found the size of
teams’ knowledge networks in a large-scale agile company to be dependent on the
number of years the individual team members had been at the company, in addition to
which forums the individual participated in.

Shared Goals. A goal may be seen as shared to the extent that employees across
functional areas are aware of the same goals and have a similar understanding of why
they are important [12]. Thus, they play an essential role in effective coordination by
enabling people to accomplish a set of complex interdependent tasks [30, 31], a
common characteristic in large-scale development projects, where autonomous teams
work on different parts of an overall product.

In large-scale agile, the collective goal of the project or program can be broken
down into a goal hierarchy. The goal hierarchy is important for teams in large-scale
agile to share a distal goal while the individual teams pursue their more proximal goals.
Nyrud and Stray [23] found that the demo meeting and backlog grooming were
essential in this context because they provided an arena for creating common expec-
tations and understanding the finished product – shared goals within and outside of the
team. Moe et al. [21] found that when managers set goals in a large-scale project
without involving the team, it resulted in team members being uncertain about the goal
of the project.

Table 1. Elements of relational coordination based on the synthesis by Gittell [12].

Relational
coordination

Definition Specific examples

Shared
knowledge

Informs participants of how their
own and others’ tasks contribute to
the overall work process
A shared understanding of the work
process and others’ areas of
expertise facilitate knowledge
coordination

Knowledge about overall delivery
milestones; knowledge about
which team is working on what,
when

Shared goals Direct the attention and effort of
individuals and groups
Transcend functional goals of
different work units and enable
unified effort toward a collective
outcome

Keeping in mind overall program
goals while working on team goals

Mutual respect Valuing others’ contributions and
considering the impact of their own
actions on the work of others

Considering the impact of one
team’s work on another;
acknowledging differences in
priorities; trusting others’ decisions
and work

High-quality
communication

Communication that is frequent,
accurate, timely and problem-
solving in nature

Keeping meetings relevant,
sending and receiving information
at the right time with the right
content; constructive feedback
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Mutual Respect. Finally, for effective coordination to occur, employees should be
connected by relationships of mutual respect between the coordinating parties.
According to RCT, mutual respect reinforces the inclination to act in accordance with
the overall work process by establishing a middle ground [12].

A study of large-scale Scrum found that responding respectfully to each other
fostered psychology safety, which is important for agile teams [27]. In a study of a
large-scale project Moe et al. [21] found that external stakeholders approached team
members directly, despite members expressing that it disrupts the work. Bypassing the
established process reduced team progress.

High-Quality Communication. According to RCT, shared knowledge, shared goals
and mutual respect should mutually reinforce high-quality (that is, frequent, accurate,
timely and problem-solving) communication [10–12]. This should, according to RCT,
contribute to the overall quality of the coordination of the work process.

A survey on coordination in large-scale software teams found the importance of
good personal relationships for coordination [2]. Dingsøyr et al. [6] found the
importance of communication in large-scale agile to be both informal and formal,
happening both in groups and by two people meeting. Furthermore, they found that an
open work area supported fast communication in informal meetings. In relation to
RCT, an open work environment enables high-quality communication, building shared
goals, shared knowledge, and mutual respect in large projects.

3 Method

We chose a case study approach [33], because case studies provide depth and detailed
knowledge, and there is little research-based knowledge about how POs coordinate
work in large-scale agile. We selected a case in which almost the whole development
program was co-located in order to reduce the effects due to the distribution of teams.
In the following, we refer to the case as the PubTrans program. The program started in
2016 and aims to develop a new platform supporting public transportation. The first
author conducted fieldwork at the program and was given access to rich sources of
data, including meetings, Slack1 channels and documentation tools. In addition, the two
other authors participated in site visits, workshops, and in two of the interviews.

Table 2. Data sources

Data Description

Interviews 9 POs, 1 product manager, 1 development manager and 1 chief technology
officer (CTO)

Observations 7 PO task board meetings (update task progress and discuss activities across
teams), 2 PO weekly meetings, 5 weekly status meetings with one of the 13
teams, 2 retrospectives with one team, and one team leader retrospective. We
facilitated one retrospective meeting during a PO workshop

Documents Analyzed Slack logs from PO channel and one team channel

1 Slack is an electronic communication tool, trademark of Slack Technologies, www.slack.com.
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3.1 Case Description

The PubTrans program has thirteen development teams ranging between five and
fourteen team members working toward developing the same products. Each team is
responsible for their part of the overall products. The PubTrans program can thus be
classified as very large-scale agile [6]. In order to coordinate work within and across
teams the program makes use of various electronic tools, such as Slack, Jira, and
Confluence; material artefacts such as task boards; and various scheduled and
unscheduled meetings. The development teams are autonomous to the extent that they
may choose freely how they go about solving their tasks and rely on agile methods of
choice. As such, there is no one unified agile approach across the teams. All teams
include a team leader and a PO, but there is no defined Scrum Master role or any other
roles specific to any one agile method. The POs are situated within each team and are
considered part of the development teams in the PubTrans program. Seven of the POs
have one team, whereas two have three teams each. The POs have varied backgrounds;
some have a technical (e.g., engineering) background and have been working in the
product domain for several years, while others came from industries such as marketing
and business development.

3.2 Data Collection

We conducted twelve interviews in October 2018. The interviews were semi-
structured, and we allowed the conversations to develop naturally as the participants
unfolded their stories. The duration of the interviews was between 30 and 60 min
(average of 40 min). All interviews were tape-recorded based on participants’ consent
and were later transcribed by the first author. We spent a total of eighteen days with on-
site observation and participated in several PubTrans activities, described in Table 2.

3.3 Data Analysis

When analyzing the data material, we relied on data triangulation, including obser-
vation, interviews, and documentation as data sources (see Table 2). Our rationale for
the choice of these data sources for the study of PO coordination was that by inter-
viewing the participants, we gained access to their own understanding of their work
routines. Analyzing the observations and documentation such as Slack logs shed light
on the accounts given by the interviewees and provided context to their statements. As
such, data triangulation was likely to contribute to strengthening our findings and
conclusions through increased accuracy and compellability [33].

Through our engagement with the data, RCT emerged as an appropriate lens for
examining PO coordination in a large-scale agile setting. This is because RCT is a
suitable theory for organizational contexts characterized by high levels of interde-
pendence, outcome uncertainty, and time criticality [11, 12] typical in large-scale
development. We coded the data using Nvivo according to the coordination mecha-
nisms used by the POs (Table 3) and how these mechanisms related to the RCT
concepts defined in Table 1. The coding process proceeded as follows: First, all three
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authors coded parts of the material. Second, the authors discussed the material,
resolving any disagreements. Third, the first author coded the material in more detail,
followed by a second discussion of the analysis and results.

4 Results

Table 3 shows the main coordination mechanisms involving the POs. These were
identified based on documentation of work routines from the PubTrans program, the
interviews, and the authors’ on-site observations. In the following,we describe a selection
of these coordination mechanisms in relation to the relational coordination concepts of
shared goals, shared knowledge, mutual respect, and high-quality communication.

4.1 Coordination Between POs

The weekly PO coordination meeting, facilitated by the product manager, enabled
discussions on shared experiences and matters that came up during the previous week.
For instance, POs discussed challenges with team processes or updated each other on
external client issues. Having a weekly meeting contributed to communication that was
problem-solving, accurate, and frequent. However, its content seemed to vary. One PO
told us, “There is no fixed, no defined agenda. We are supposed to talk about what is on
our mind, and that is a very open question! [laughs]. It can be anything. So I think
there have been some meetings that we have not gained so much from.” The POs
expressed different opinions regarding this weekly meeting. Some POs thought it was
very useful, in particular for building shared knowledge and goals. Some thought that
once a week was too frequent, because they wanted to spend more time with their team,
whereas others felt there should have been more PO meetings like this because “we
don’t have any places to meet to exchange experiences across teams, other than these
Product Owner meetings.” As such the meeting appeared to be an important coordi-
nation mechanism in relation to shared knowledge and goals.

Table 3. Product owner coordination mechanisms

Coordination mechanism Between POs PO and team

Product owner weekly meeting x
Product owner task board meeting x
Product owner workshop activities x
Unscheduled conversations x x
Slack x x
Jira x x
Confluence/wiki x x
Team status meetings x
Team retrospectives x
Internal team practices x
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The bi-weekly task board
meeting gathered the POs and
relevant stakeholders. The
meeting was typically facili-
tated by the product manager,
CTO, or program management.
All met in front of a large visual
task board (Fig. 1) to update
each other on their progress –

current in-progress tasks and
long-term delivery milestones.
As such, this artefact provided
all POs with shared knowledge
of current goals and the status
of the teams’ various tasks.

The task board meeting was initially termed the “prioritization meeting,” but
according to the participants, this meeting did not meet its purpose. Rather than
focusing on task prioritization, it was more of a reporting and updating meeting in
which all POs simply reported on their teams’ progress, and many talked for several
minutes about their teams’ internal tasks. Until recently, the meeting lasted one hour,
and we observed how the POs struggled to pay attention to what others were saying as
time went by. One PO said, “If we compare hours spent [at this meeting] versus
insights gained, it doesn’t add up.” Across several meetings, we observed that several
sat down on the floor after a while, and some started looking at their phones,
responding to messages and e-mails, rather than listening. During the interviews, some
said that they felt bad for being disrespectful when they did not pay attention. Most of
them, however, perceived the intention behind the meeting – updating each other on
progress across teams – as useful and therefore wanted to keep the having meeting, but
in a different format.

Unscheduled coordination between POs was common and was done just by walking
over to each other in the open office environment. One PO explained, “I seek out people
at their desks… It is something about it, one thing is to communicate in writing [e.g.,
sending an email], but in my experience, you accomplish more by just talking to
people.” Sometimes a PO would also call a spontaneous meeting, inviting only those
that needed to be part of the particular coordination activity.

Moreover, the POs have a dedicated Slack channel, created in March 2018, for
knowledge sharing and quick updates regarding the goal attainment of the different
POs’ teams. During the interviews and from examining the Slack logs, it became clear
that this channel was used to varying degrees by the different POs. Primarily, it was
used for frequent and timely information updates, such as notifying each other of
absence, or uploading documents such as plans and presentations, rather than for
knowledge sharing and ensuring the attainment of shared goal across teams. For
instance, one particular day in September 2018, two POs discussed whether to hold the
weekly PO meeting:

Fig. 1. The PO task board meeting.
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PO 1: “Does this mean you will not be here today either @PO 3? [PO 4] said he
too would be absent today, and so is [the Product Manager], and when there is so
few of us, is there a point in going through the things we agreed all of us should be
part of? Should we skip the meeting?”
PO 2: “I’d like to meet those of you who are present, but we can postpone the
planned common PO discussion theme”
PO 1: “We’ll meet as planned then.”

The POs also use the Slack channel more informally. During a PO workshop, one
posted, “This is the smallest hotel room I ever saw! You’ll find me in the bar.” This
social and informal communication may indicate mutual respect and a sense of com-
munity among the POs, a mutual respect that is perhaps reinforced by the coordination
activities they perform throughout the year.

The PO quarterly workshop gathers the POs normally overnight at an off-site
location. Prior to these quarterly workshops, all POs attend a set of preparation
meetings with the product manager. This is done to gain a sense of shared goals and
knowledge before the workshop in order to work more efficiently together. As such, the
quarterly workshop contributes to both shared knowledge and shared goals between
POs at an overall program level, but it may also reinforce mutual respect between the
POs as they get to know each other better. As stated by one of the POs, “It is… both
professionally useful, but it’s also about getting together. It is rather social, actually.”
The topics of the workshops depend on upcoming issues in the PubTrans program, for
instance, discussing the potential implications of overall program strategies in relation
to specific team and cross-team deliveries in the upcoming quarter. Another theme
could be improving their own work processes, such as inter-team coordination.

In late fall 2018, two of the authors joined the POs for one such workshop with the
product manager and eight of the nine POs. At this workshop, we facilitated a retro-
spective with the POs focusing on coordination efficiency. One outcome of this ret-
rospective was four action points they believed would improve the coordination. First,
in relation to the quarterly PO workshop, some POs expressed that they would prefer if
the workshops were one full workday, with no overnight stay, as some felt it took up
too much time. This led to some discussion, but eventually, although other POs
appreciated the change of scenery, they agreed to try the next workshop as a one-day
workshop. This demonstrates that although the POs do not always agree or have the
same preferences, they are willing to adjust to each other, which may indicate mutual
respect.

A second action point was to move all written communication to Slack rather than
use it as a supplement to e-mail. After the workshop, we observed a change in the
communication in the dedicated PO Slack channel. Communication in the channel
became more frequent and contributed more toward shared goals and knowledge
among the POs. For instance, the POs started to share “best practice” tips and work
routines on Slack, as well as agenda points for the weekly PO meeting. A third action
point was to increase the focus on a clearer agenda for the weekly PO meeting. As
such, the communication at this meeting might have become more accurate, which in
turn contributed to reinforcing shared knowledge and goals. Finally, the fourth action
point was to reduce the length of the task board meeting from one hour to 20 min and
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to focus only on updates relevant for at least two thirds of the attendants. In the
following three meetings, we observed that the new format led to communication that
was more accurate and timely.

4.2 Coordination Between POs and Their Teams

We found differences in how the POs coordinate with their teams. Some POs have
well-established practices and close, regular interaction with the team, while others
have a more loosely defined approach with a high level of delegation. Regardless of
their level of interaction with their team(s), the POs aim to communicate the vision and
priorities for the teams’ work such that all team members share knowledge about the
team’s own goal, as well as an understanding about other teams’ work.

Coordination with the team leader was a key process for most POs. Several POs
spoke respectfully about their team leaders, seeing them as having both good people
skills and good technical skills. The POs described the team leader as an essential link
for coordination with the team, who often joined the POs in the decision-making.
One PO explained, “We go through all priorities together. […] we are rarely in
disagreement. And if there is… it could, for instance, be that I have knowledge from the
business side that calls for different priorities, then I make the decision, but normally
we agree.”

During a team retrospective, several team members expressed the importance of the
PO and the team leader in shielding the team from external pressure and in making sure
they knew which tasks to work on. This may indicate both the importance of these roles
in relation to shared knowledge and what many POs found important: respect for the
developers’ time and their role in the overall goal attainment.

Stand-up meetings with the team varied in frequency. Some teams had stand-up
meetings every day, others once or twice a week, and some on a more ad hoc basis, for
instance through sharing task-related information on team Slack channels. The stand-up
meeting was an important meeting for sharing knowledge and solving issues. A PO
explained the challenge of just listening and then being an active participant in the
meeting: “I want to be part of the stand-ups, as I want to pay attention to what they are
doing […] but then they expect me to say something, and I feel that I have to, otherwise
it is all ‘top-down.’” He further explained that he wanted to listen and learn from the
team, but at the same time, he was not sure what he could bring to the meeting because
he saw his work tasks as very different from the team’s and did not find it relevant to
talk about those tasks.

Retrospectives with the team varied in frequency and process. When the team
members got together to discuss their work during the previous period, the meeting
contributed to strengthening shared knowledge about the teamwork processes and
shared team goals in that the teams analyzed, discussed, and adjusted their own
practices. Mutual respect among the participants might also have been strengthened as
they shared their thoughts and perspectives. Many POs left it up to the team leader to
facilitate team retrospectives, while some took a more active role.
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Furthermore, the retrospectives provided important information as to how the POs
could adjust their coordination practices toward the team. One PO explained, “I thought
me and the team leader were good at bringing information back to the developers. As it
turned out during our last retrospective…we were not! And we are going to do some-
thing about that.” This illustrates the importance of conducting retrospectives so that the
team can mutually adjust to better accommodate each other. The willingness to adjust
based on feedback may also indicate respect toward the team members through
acknowledging the impact a lack of information could have on their work.

Unscheduled coordination with the team appeared important for fast decision-
making. Much of the coordination with the team occurred during spontaneous con-
versations and meetings, and many decisions at the team level were made during such
unscheduled conversations. According to one PO, “If there are decisions to be made in
relation to choice of technology or similar, normally it would be me, the team leader
and some developer… we just decide then and there […].” This illustrates how shared
knowledge about decisions are reached through accurate, timely, problem-solving
communication.

Slack was also extensively used among the teams in the PubTrans program; almost
all teams appeared to have closed private channels where the whole team, including the
PO, discussed internal matters. In addition, there was a range of public channels for
different topics. While Slack was seen as an invaluable source of knowledge and
information, for some it became overwhelming. One PO of three teams explained, “I
spent some time adjusting from e-mail to Slack. […] There are so many channels! It is
so much to pay attention to and read, it can actually be a bit too much.” The same PO
further explained that Slack was not used for making larger decisions, but that overall,
Slack was a great place to keep the discussion going on technical issues and everyday
work-related matters.

5 Discussion and Conclusion

The PO has an important role in agile development, often performing a complex set of
activities [1, 19]. Our findings underscore the importance of relationships for efficient
coordination among POs and between the PO and the team. We have attempted to shed
light on PO coordination through the concepts of RCT. We now turn to discussing our
research question, “How do product owners coordinate work in agile?” Our analysis of
PO coordination in a large-scale agile development company shows that (1) coordi-
nation varies depending on the context of each PO (type of team, experience, prefer-
ences), (2) a focus on high-quality communication changes coordination over time, and
(3) unscheduled coordination enables high-quality communication.

5.1 Coordination Practices Varies Between the POs

During our observations and in the interviews, we noticed several differences in PO
coordination both among each other and toward their teams. This may be due to
differences in coordination preferences among the POs, as well as the number of teams
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a PO is responsible for. It may also be due to the autonomy the teams have in choosing
their approach to agile methods leading to a variety in coordination mechanisms
between the POs and their teams. The differences in routines on each team may have
made it more challenging to coordinate across teams and between POs, and to ensure a
shared understanding of goals among the POs and across and the different teams.

High-quality communication reinforces shared goals and knowledge [12–14]. The
POs communicating frequently with their teams and with other POs, experienced such
coordination to be beneficial, which then lead to even more frequent communication.
Furthermore, how long the POs had known the teams and each other varied, which also
might influence how frequent a PO communicate with other POs and their teams. In
relation to this, Šmite et al. [26] found that the frequency of communication and the
number of actors a person coordinated with depended on how long the person had been
at the company. The longer the experience, the more frequent the communication,
which indicates that coordination becomes more accurate because of knowledge about
who knows what [26].

5.2 Changes in Coordination Over Time

Several of the coordination mechanisms involving the POs, such as the task board
meeting and Slack communication, changed during the period of the study. Our
findings are consistent with those of Jarzabkowski et al. [15], who argued that coor-
dinating mechanisms do not appear as ready-to-use techniques but are formed as actors
go about the process of coordinating. Furthermore, coordinating mechanisms are not
stable entities but emerge through their use in ongoing interactions [15].

Throughout our data collection period, the main driver for change in a coordination
mechanism was the focus on continuous improvement. During the retrospective, sev-
eral action points were set, and we observed how coordination mechanisms were
improved; for example, the task board meeting, was improved by more timely and
accurate communication in that the meeting became shorter and more focused. We also
observed a change in the PO Slack channel toward more frequent and problem-solving
communication, for instance by using the channel to share agenda points for meetings
and best practices from teams.

5.3 Unscheduled and Frequent Coordination Enables High-Quality
Communication

As a supplement to the scheduled meetings, we found that unscheduled meetings
appeared to be an important driver of high-quality communication in the PubTrans
program for coordination on a daily basis. Our results indicate that unscheduled
meetings and seeking out people at their desks are important for efficient day-to-day
coordination. We also found that the use of Slack enabled timely, frequent, and
unscheduled coordination between subsets of people, such as between the POs or
within teams. As such, our results indicate that standardizing the communication
channels on one digital platform contributes to shared knowledge across POs and
teams.
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Unscheduled conversations and meetings contribute to strengthening the shared
knowledge and goals and can be seen as timely and problem-solving communication,
in particular when only a subset of the POs needs to coordinate. In line with our
findings, previous research supports the importance of both formal and informal
communication, both in groups and by two people meeting, and that an open work area
in large-scale agile supports fast communication in informal meetings [6].

5.4 Implications for Theory and Future Research

As can be derived from our results and this discussion, the elements of RCT are evident
in the coordination mechanisms used by the POs in the PubTrans program. The theory,
therefore, appears suitable for studying coordination in a large-scale agile setting.
According to RCT, organizational change is seen as intertwined with the relationships
between roles. Research that explores organizational change to further develop the
theory has been encouraged [11]. Furthermore, according to RCT, relationships
between roles are central for coordination [11–13]. In her work on the airline and health
industries, which also represent large-scale settings, Gittell [12, 13] observed that the
companies that performed best had higher levels of relational coordination between
roles, which was explained by the differences between the studied companies in terms
of shared knowledge, goals and mutual respect. In line with this, our results indicate
that frequent communication and interaction between POs is important for coordina-
tion, also in the PubTrans program. Furthermore, our results indicate that coordination
between the PO role and the team leader role is key for high-quality communication,
knowledge sharing, and updates about goal attainment with the teams. While this study
contributes to the understanding of PO coordination, this study is the first to utilize
RCT in large-scale agile for understanding PO coordination. Therefore, more studies
from other programs are needed to make comparisons between large-scale agile
programs.

Future research could also investigate whether the number of teams for which the
POs are responsible influences their coordination practices. It might be that the more
teams, the more coordination is needed on each PO’s part. Finally, while POs coor-
dinate with a range of stakeholders, including customer representatives, management,
and architects, our focus in this paper was on how POs coordinate with each other and
with their teams. An interesting topic for future research would thus be to expand the
focus to investigate how POs coordinate their work with other stakeholders.

5.5 Implications for Practice

We believe that our study has the following main implications for PO coordination.
First, we recommend focusing more on unscheduled meetings rather than scheduled,
time-consuming meetings, as also suggested by other research on large-scale agile [22,
28]. Established frameworks such as the Scaled Agile Framework and Large-Scale
Scrum recommend a rather fixed meeting structure [16, 17]. In contrast, our results
indicate that unscheduled meetings are important enablers of spontaneous coordination
that contribute to shared goals, shared knowledge and mutual respect in large-scale
agile. Such meetings are facilitated by open work spaces and co-located teams [6].
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Second, we recommend agreeing on a common communication infrastructure, such as
Slack, for swift communication and information sharing, but also for the POs to have
their own space where they can discuss outside of the scheduled meeting arenas. Third,
frequent meetings and workshops in which POs can discuss goals and share knowledge
are necessary. However, such meetings should have a clear, predefined agenda to
ensure efficient use of time and resources. Fourth, scheduled workshops throughout the
year contribute to forming social bonds between the POs supporting relational coor-
dination. Finally, we advise regular retrospectives focusing on improving coordination,
strengthening shared knowledge and goals, and reinforcing mutual respect and trust
within the PO group.

5.6 Limitations and Concluding Remarks

One limitation of our research is the reliance on a single case. As such, the general
criticisms of single-case studies [3, 33] apply to our study. However, our rationale for
choosing the PubTrans program as our case was that it represents a setting in which
large-scale agile has been applied since the outset of the program in 2016. Furthermore,
because the program is largely co-located and the POs are considered part of the teams,
the case provided a unique setting for exploring how POs coordinate in large-scale
agile settings. A further limitation relates to the reliance on semi-structured interviews
as a major source of data collection and analysis [3]. However, data triangulation made
it possible to study the phenomena of interest from different viewpoints, as well as
during the changes we observed, which should serve to strengthen our results [33]. We
facilitated a PO retrospective in which concrete action points were formed, indicating
that we did affect how work processes are conducted in the PubTrans program, at least
for the time being. However, the PubTrans program already had a high awareness of
challenges with inter-team coordination before we started our research. Therefore, we
do not believe our presence has biased the results.

On a concluding note, in this paper, we applied a relational coordination lens to the
question of how POs coordinate work in large-scale agile system development. Our
findings suggest that the PO contributes to shared knowledge and goals both within and
across teams, and that efficient coordination also includes relationships of mutual
respect and high-quality communication. This is in line with previous findings from
research using RCT; however, this study is the first to investigate relational coordi-
nation in a large-scale system development setting. As such, this study makes way for
future research that can contribute both to the further development of RCT as well as
improving our understanding of coordination in large-scale agile development.
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Abstract. Over the past two decades, agile methods have transformed
and brought unique changes to software development practice by strongly
emphasizing team collaboration, customer involvement, and change tol-
erance. The success of agile methods for small, co-located teams has
inspired organizations to increasingly use them on a larger scale to build
complex software systems. The scaling of agile methods poses new chal-
lenges such as inter-team coordination, dependencies to other existing
environments or distribution of work without a defined architecture. The
latter is also the reason why large-scale agile development has been sub-
ject to criticism since it neglects detailed assistance on software architect-
ing. Although there is a growing body of literature on large-scale agile
development, literature documenting the collaboration between archi-
tects and agile teams in such development efforts is still scarce. As little
research has been conducted on this issue, this paper aims to fill this gap
by providing a case study of a German consumer electronics retailer’s
large-scale agile development program. Based on social network analy-
sis, this study describes the collaboration between architects and agile
teams in terms of architecture sharing.

Keywords: Large-scale agile development · Social network analysis ·
Agile architecture

1 Introduction

Emerging in the 1990s, agile methods have transformed and brought unprece-
dented changes to software development practice by strongly emphasizing change
tolerance, continuous delivery, and customer involvement [1,2]. With these agile
methods, self-organizing teams work closely with business customers in a single-
project context, maximizing customer value and quality of delivered software
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product through rapid iterations and frequent feedback loops [1]. The success of
agile methods for small, co-located teams has inspired enterprises to increasingly
apply agile practices to large-scale endeavors [2,3]. Since the initial application of
agile methods was originally intended for small, co-located teams, many organi-
zations are uncertain how to introduce them at scale and therefore face new chal-
lenges such as inter-team coordination, dependencies to other existing environ-
ments or distribution of work without a defined architecture [1,4,5]. The latter
is also the reason why large-scale agile development has been subject to criticism
since it neglects detailed assistance on software architecting [2,6]. Agile methods
assume that architecture should evolve incrementally rather than being imposed
by some direct structuring force (emergent architecture) [7]. However, the prac-
tice of this design is effective at team level but insufficient at large-scale. It causes
excessive redesign efforts, architectural divergence, and functional redundancy
increasing a system’s complexity [7,8]. Therefore, an intentional architecture is
required, which embraces architectural guidelines that specify inter-team design
and implementation synchronization [7,9]. The effective evolution of a system’s
architecture requires the right balance of emergent and intentional architecture
and a close collaboration between architects and agile teams [7,9,10].

Literature describing the collaboration between architects and agile teams in
large-scale agile development is still scarce. This paper aims to fill this gap by
providing a case study of a German consumer electronics retailer’s large-scale
agile development program. Based on this objective, our research question is:

How does the collaboration take place between architects and agile teams in a
large-scale agile development program?

The remainder of this paper is structured as follows. In Sect. 2, we provide
an overview of foundations and related works. In Sect. 3, we present the research
approach of this paper. Section 4 describes the case study on the collaboration
between architects and agile teams in the large-scale agile development program.
We discuss our lessons learned in Sect. 5 before concluding the paper with a
summary of our results and remarks on future research in Sect. 6.

2 Background and Related Work

In the following, the Scaled Agile Framework and Spotify Model are introduced,
as the observed program has adopted these two scaling frameworks. Thereafter,
the concept of communication networks is presented, which is essential for inter-
preting the results of the social network analysis in Sect. 4.

2.1 Scaled Agile Framework

The Scaled Agile Framework (SAFe), a widely used scaling framework [11], was
first published by Dean Leffingwell in 2011. SAFe builds on existing lean and
agile principles that are combined into a method for large-scale agile projects.
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It provides a soft introduction to the agile world as it specifies many structured
patterns. This introduction is needed for organizations moving from traditional
to agile development environment [7]. The latest SAFe 4.6 version supports four
out-of-the-box configurations: Essential SAFe, Large Solution SAFe, Portfolio
SAFe, and Full SAFe. As the observed program uses Essential SAFe, we will
subsequently focus on this. Essential SAFe is the simplest entry point for imple-
menting SAFe and consists of team and program levels [7]. At team level, the
techniques outlined are those used in Scrum. Each team consists of five to nine
members, one scrum master (SM), and one product owner (PO). All teams are
part of an agile release train (ART), a team of agile teams that delivers a contin-
uous flow of incremental releases. Each team is responsible for defining, building,
and testing stories from its team backlog in a series of two-week iterations using
common iteration cadences [7]. At program level, the product management (PM)
serves as the content authority for the ART and is accountable for identifying
program backlog priorities. The PM works with POs to optimize feature delivery
and direct their work at team level. A release train engineer (RTE) facilitates
program execution, escalates impediments, manages risk, and helps to drive con-
tinuous improvement [7]. The system architect has the technical responsibility
for the overall architectural design of the system and aligns the ART with the
common technical and architectural vision [7].

2.2 Spotify Model

In 2012, Kniberg and Ivarsson [12] published Spotify’s approach to scale agile
methods over 30 teams across three cities. The Spotify Model emphasizes the
importance of “aligned autonomy”, i.e. the autonomy of agile teams with simul-
taneous collaboration and coordination to achieve the same goals. The basic
unit of development is called a Squad, which is similar to an agile team in SAFe.
Squads are self-organizing and autonomous teams that have all the skills to
design, develop, test, and release for production. A Tribe is designed as a col-
lection of squads working in related areas (correspondents to an ART in SAFe).
Squads within a tribe are co-located. People with similar skills in the same com-
petency area within the same tribe form a Chapter. A Guild is a community of
people that share same interests and often includes all chapters working in this
area (complies with a community of practice in SAFe) [12].

2.3 Communication Networks

According to Guo and Sanchez [13], communication is understood as the cre-
ation or exchange of thoughts, ideas, and emotions between senders and receivers.
Communication can be decomposed into two types: inter-team and intra-team
communication. The former stands for communication between several teams,
the latter for communication within a team [14]. The flow of communication con-
necting senders and receivers are called communication networks [15]. Figure 1
depicts five common communication networks. The wheel network is the most
centralized network pattern. In this network, each member communicates with
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Fig. 1. Common communication networks [15]

only one other person. The superintendent C receives all the information from
his subordinates A, B, D, and E and sends back information, usually in the form
of decisions. The chain network is the second highest in centralization. Only two
people communicate with each other, and they have only one other person to
communicate with. The Y network is similar to the chain network except that
two members are out of the chain. In the Y network, members A and B can
send information to C but they cannot receive information from anyone else.
Members C and D can exchange information. Member E can exchange informa-
tion with member D. The circle network stands for horizontal and decentralized
communication, which offers equal communication possibilities for every mem-
ber. Each can communicate with one other to his right and left. Members have
identical restrictions but the circle is a less restricted condition than the wheel,
chain, or Y network. The all-channel network is an extension of the circle net-
work and connects everyone in the circle network, as it permits each member to
communicate freely with all other persons [15].

2.4 Agile Architecture

Angelov et al. [16] describe the role of architects and challenges they face in
Scrum such as insufficient collaboration, lack of understanding of the value of
architecture, and poor communication between team architects [16]. Bachmann
et al. [17] and Nord et al. [18] present four tactics to achieve agility at scale
by aligning the system architecture, organization structures and product infras-
tructures. These include vertical and horizontal system decomposition, matrix
and augmented team structures, architecture and infrastructure runway, and
deployability tactics and can be used in different phases in a system’s life cycles.
Uludağ et al. [10] describes how the adoption of domain-driven design supported
a large-scale agile development program with three agile teams at a large insur-
ance company. Uludağ et al. [10] report that agile teams and project managers
involved in the program conceived that without any form of architectural guid-
ance, large-scale agile development programs can hardly be successful. Dingsøyr
et al. [19] investigated a large-scale development program with an extensive use
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of Scrum and a focus on customer involvement, inter-team coordination, and
software architecture. Two key findings related to software architecture are the
tension between up-front and emergent architecture and the demanding role of
architects in large-scale agile development.

3 Case Study Design

A case study is a suitable research methodology for this paper, since it helps
to study contemporary phenomena in a real life context [20]. We followed the
guidelines described by Runeson and Höst [20].

Case Study Design: The main objective of this paper is to investigate the
collaboration between architects and agile teams in large-scale agile development
in terms of architecture sharing. Based on this objective, we defined one research
question (see Sect. 1). The study is a an exploratory single case study, since
this paper looks into an unexplored phenomenon and aims to seek new insights
and generate ideas for future research [20]. The case was purposefully selected,
because the studied company has successfully adopted SAFe for building complex
software for the last one and a half years. The unit of analysis is the consumer
electronics retailer’s large-scale agile development program.

Data Collection: We used a mixed methods approach with three levels of data
collection techniques [21]. As direct methods, we observed two Program Incre-
ment (PI) Planning events [7] with low degree of interaction by the researcher
and low awareness of being observed [20]. These observations provided a deep
understanding of the overall structure. With the help of seven semi-structured
interviews, roles and practices related to architecture were identified and doc-
umented. Quantitative data was collected by the online-survey tool Questback
for building the social networks and revealing the collaboration between archi-
tects and agile teams (see Sect. 4). Therein, we asked respondents how often they
exchange architectural advice and decisions with their colleagues, how often they
see their colleagues, and if they have suggestions on how to improve the exchange
among team members (using a Likert scale). A total of 32 out of 62 available
people from eight teams took part in the survey. Three persons were removed
from the analysis because no clear assignment to these persons could be made.
The response rate for the remaining 29 program members from eight teams is
47% with 758 connections for architecture sharing.

Data Analysis: Interviews and observation protocols were coded using a deduc-
tive approach as proposed by Cruzes and Dyb̊a [22]. Qualitative data collected
in interviews form the theoretical foundation for interpreting social relations
between architects and agile teams. After initial coding, codes were refined and
consolidated by merging related ones and removing duplicates. Quantitative data
was analyzed through the use of social network analysis, which comprises a set
of methodological techniques that aim to describe and explore patterns in rela-
tionships that individuals and groups form with each other [23].
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4 Results

4.1 Case Description

In 2016, the case organization decided to relaunch a failed CRM project using
agile methods. Due to the complexity of the project, the management decided to
relaunch it with the help of a scaling framework. During early stages of research,
the reasons for using Essential SAFe (from now on SAFe) became more appar-
ent and convincing to the management. One reason for choosing SAFe was that
it has proven itself in large organizations and offers comprehensive documenta-
tion. The adoption was initiated with a pilot project, which was geographically
distributed. At the beginning, the pilot project faced a lot of problems. Thus,
all involved employees were trained upon agile methods and SAFe by exter-
nal agile coaches. After a few PIs, the responsible management team perceived
that SAFe did not provide sufficient guidance on the coordination of their agile
teams. Thus, the organization decided to combine SAFe with the Spotify Model.
Within the transformation process, program members were divided into tribes,
chapters, squads, and guilds. Figure 2 shows the current organizational structure
of the observed program. Figure 2 also shows all 62 members forming a tribe.
This tribe consists of a “scaled” team (Team A), which does not play a hier-
archical superior, but a more coordinating role without personnel management,
and four squads (Team B, Team C, Team D, and Team E). Team F, Team G,
and Team H, which are not shown in Fig. 2 constitute representatives of three
suppliers that provide external support for their third-party systems. The tribe
is divided horizontally into nine chapters for: (1) the chief product owner (CPO)
and POs, (2) RTE and SMs, (3) IT project managers (IT-PMs), (4) quality
analysts and test managers (QAs & TMs), (5) data analysts (DAs), (6) solution
architects (SAs)1, (7) business process architects (BPAs), (8) product reliability
engineers (PRE), and (9) developers (Devs). Each SA is assigned to a squad and
takes care of the overall system architecture with its subsystems and interfaces.
The team concentrates on the cross-system data flows and processes related to
the integration of the architecture. These data flows and processes are used to
define minimum interface requirements that all teams must meet. In contrast
to SAs, who represent technical architects, BPAs are functional architects that
are also dedicated to squads. The responsibilities of BPAs are not really known
yet, as their role has been added to the program just recently. However, both
architect roles should play a dual role within their squads by making architec-
tural decisions and guiding them to fulfill the required architectural standards.
Due to ongoing transformation, guilds have not yet been established but will be
organized soon. In the following two sections, the inter- and intra-team exchange
of architecture-related information of the observed program will be presented.

1 The role of the SA in the case organization correspondents to the role of the system
architect as described by SAFe [7]. For reasons of consistency, we use the same
terminology as the case organization.
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4.2 Inter-Team Architecture Sharing

Figure 3 provides an overview of how architecture-related information is shared
across all teams. An interesting finding here is that the scaled team is located in
the center of the graph. This indicates continuous communication and coordina-
tion between the scaled team and the four squads on architectural topics. Figure 3
also shows a close collaboration between Team B and Team E and between Team
B and Team D, which is due to architectural dependencies between the systems
on which they work. Figure 3 also provides an overview of roles that are inten-

Fig. 2. Organizational structure of the observed large-scale agile development program
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Fig. 3. Social network of eight teams including salient roles that are intensively involved
in inter- and intra-team architecture-sharing

sively involved (large nodes) in architecture sharing. First, it shows that the CPO
of Team A (CPOA) is the most outstanding node in the inter- and intra-team
exchange of architecture-related information. Second, SAs also form relatively
large nodes compared to other roles. This observation confirms the importance of
SAs for the exchange of inter- and intra-team architectural information. Figure 3
also shows that the TMA also plays an important role in architecture sharing.
Table 1 presents top 10 stakeholders involved in inter-team sharing based on
the normalized degree centrality2 measure. Table 1 shows that the CPOA has a
normalized degree centrality value of 1,0, which indicates that he/she is sharing
information with all stakeholders involved in the observed program. The SAE

2 The normalized degree centrality is defined as the number of links of an stakeholder
divided by the maximal possible number.
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Table 1. Top 10 stakeholders involved in inter-team architecture sharing based on
normalized degree centrality

and SAD have normalized degree centrality values of 0,92 and 0,90 indicating
high involvement in inter-team sharing.
The PI planning event of SAFe is a face-to-face event [7] that aims to align all
agile teams within the ART to share the common mission and vision by creating
iteration plans and team objectives for the upcoming PI. It is conducted every
two and a half months and offers a platform for the exchange of general and archi-
tectural information across teams, since all members of the ART are present in
one location. Figure 4(a) shows that SAs and BPAs have a very strong sharing
with other teams during the PI planning. Figure 4(d) reveals a chain communi-
cation between the SAB , SAC, SAD, and SAE on a daily basis. In particular,
the chain is composed as follows: SAE exchanges information with SAB, who
exchanges information with SAD, who shares information with SAC. This com-
munication pattern characterizes a centralized communication between SAs. The
chain communication pattern can also be observed with SAB, SAD, and SAE.
Figure 4(e) shows that SAB, SAD, and SAE constantly3 exchange information
and that the SAC is no longer involved in an exchange with other SAs. Figure 4
shows that SAs form a decentralized all-channel communication pattern. This
means that each SA speaks with all other SAs. The overall comparison also shows
that the three external SA of Team B are less participating in the inter-team
exchange than the rest of internal SAs involved in the program. Other roles such
as SM, TM, PO, and CPO are also heavily involved in exchange of information
within the PI planning. The shorter the observed time intervals become, the
more dominant the SA becomes with regards to the inter-team sharing.

4.3 Intra-Team Architecture Sharing

The exchange of architectural information in Team B shows a central wheel com-
munication pattern between SAs, since external SAs are guided by the internal
SA, who represents the intra-team lead architect (see Fig. 5(a)). Figure 5(a) also
shows that SAs form the core of the team. Moreover, Fig. 5(a) shows that BPAB

only exchanges information with another role. A decentralized all-channel com-
munication pattern can be observed in Team C (see Fig. 5(b)). This means that
other non-architectural roles exchange information without necessarily involving
SAC. Nevertheless, SAC plays the most central role, since the SA frequently com-
municates with all team members. Compared to BPAB, BPAC plays a more cen-
tral role, as he/she shows a close collaboration and communication with his/her
3 Constant exchange means that it takes place more than once a day.
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Fig. 4. Social networks focusing on SAs and BPAs with regards to the frequency of
inter- and intra-team architecture sharing

squad (see Fig. 5(a) and (b)). The comparison of the two figures also shows that
SAC and BPAC exchange information more frequently than SAB and BPAB.
Figure 5(b) shows a decentralized all-channel communication pattern between
architects and other team members of Team D. Similar to BPAC, BPAD often
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Fig. 5. Social network of the four squads focusing on SAs and BPAs involved in intra-
team architecture-sharing

Table 2. Normalized degree centralities of architects in intra-team architecture sharing

Fig. 6. Social network of Team B focusing on SAs and BPAs with regards to the
frequency of intra-team architecture sharing
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Fig. 7. Social network of Team C focusing on SAs and BPAs with regards to the
frequency of intra-team architecture sharing

exchanges architecture information with team members. Table 2 shows the nor-
malized degree centrality values of SAs and BPAs involved in intra-team archi-
tecture sharing. 75% of the SAs possess a normalized degree centrality value of
1,0 indicating that they share information with all squad members. Comparing
SAs with BPAs, Table 2 shows that SAs have a stronger exchange of information
with their squad members than BPAs (except Team E).

Figure 6 shows how Team B’s intra-team sharing changes at four distinct time
intervals. For instance, Fig. 6(a) shows that BPAB only exchanges information
with one DevB once per iteration. Figure 6(b) shows that the exchange of infor-
mation between SAs and non-architectural roles mostly takes place two to three
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Fig. 8. Social network of Team D focusing on SAs and BPAs with regards to the
frequency of intra-team architecture sharing

Fig. 9. Social network of Team E focusing on SAs and BPAs with regards to the
frequency of intra-team architecture sharing

times per iteration, while the sharing between SAs takes place constantly (see
Fig. 6(d)). Similar to Figs. 6, 7 shows Team C’s intra-team architecture sharing.
The exchange in the team usually takes place two to three times per itera-
tion (see Fig. 7(c)). Sharing between architects and non-architectural roles takes
place on a daily basis (see Fig. 7(d)). In contrast to Team B, Fig. 7(e) shows that
SAC and BPAC constantly communicate together. Figure 8(a) shows that the
exchange between architects and non-architectural roles as well as among archi-
tects mainly takes place on a daily basis. SAD and BPAD constantly exchange
architectural information (see Fig. 8(b)). Figure 8(b) also shows that other mem-
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bers such as DAD, QA & TMD, PRED, and POD constantly exchange architec-
tural information. The intra-team exchange of Team E takes place mainly on
a daily basis (see Fig. 9(a)). SAE and BPAE communicate on a daily basis (see
Fig. 9(b)). Architecture sharing between architects and non-architectural roles
takes place on a daily basis. Figure 9(b) shows that two groups are formed during
the constant exchange of information. The first group includes SAE, SME, DevE,
and POE, while the second group constitutes DevE, BPAE, and PREE. Table 3
provides a summary of the social network analysis with identified communication
patterns and frequencies.

5 Discussion

5.1 Key Findings

Both architectural roles, i.e. SAs and BPAs, and other roles, e.g. TMs, SMs,
and POs, are involved in inter- and intra-team architecture sharing. In particu-
lar, the CPO plays one of the most salient roles. An all-channel communication
network can be observed in each squad. SAs enable a decentralized exchange so
that other team members can exchange architecture-relevant information with-
out necessarily involving SAs. This observation coincides with the values and
principles of agile software development. Both SAs and BPAs prefer face-to-face
communication with their team members and do not exchange information by
including bridging roles. Each squad is accompanied by at least one SA and BPA.
Both architects play a dual role in their squads. On the one hand, they make
architectural decisions and iteratively create architecture models. On the other
hand, they provide guidance and support their squad in meeting architectural
standards. With this setup, the observed program aims to increase development
speed by balancing emergent and intentional architecture. In all social networks,
SAs form central nodes in inter- and intra-team sharing.

Table 3. Summary of the social network analysis



Collaboration Between Architects and Agile Teams 151

5.2 Threats to Validity

We discuss potential threats to validity along with an assessment scheme as
recommended by Runeson and Höst [20].

Construct Validity: This aspect reflects to what extent operational measures
that are studied really represent what the researcher has in mind [20]. Two
countermeasures were taken for construct validity. First, interview protocols were
coded by the author of this paper and reviewed by a second researcher. Second,
a key informant of the organization has reviewed the analyses of this paper.

Internal Validity is irrelevant, as this study was neither explanatory nor causal.

External Validity: This aspect of validity concerns to what extent the findings
can be generalized, and to what extent the findings are of interest to other
persons outside the case under investigation [20]. This paper focuses on analytical
generalization [20] by providing a detailed description of the case. It provides
empirical insights that allow for a profound understanding on the collaboration
between architects and agile teams. The shown findings should be viewed as
valuable insights for other organizations that adopted Essential SAFe.

Reliability: This validity is concerned with to what extent the data and the
analysis are dependent on the specific researcher [20]. To mitigate this threat,
two countermeasures were taken. First, the case study has been designed so
that the large number of interviewees and multiple interviewers allowed data
and observer triangulation. Second, a case study database was created, which
includes case study documents such as audio recordings protocols, and field notes
of observations.

6 Conclusion and Future Work

In this paper, we described the collaboration between architects and agile teams
in a large-scale agile development program of a German consumer electronics
retailer. Due to the complexity and extent of the CRM product, each squad is
guided and supported by at least one SA and BPA. Each SA is responsible for the
architecture of a subsystem and ensures that the respective squad complies with
defined architectural requirements. The observed program also introduced the
new role of the BPA that is responsible for developing the functional architecture
of the subsystem. To understand the role of SAs and BPAs and their collabo-
ration with squads, we investigated social networks of one scaled team and four
squads. We learned that intra-team architecture sharing is usually facilitated by
SAs. Comparing the social networks with common communication networks, we
discovered that SAs and BPAs prefer direct communication. For the most part,
architects share information on a daily basis with their teams. The intra-team
sharing between architects and their teams is characterized by an all-channel
communication network.

As future work, we will continue to study the large-scale agile development
program of the German consumer electronics retailer. First, we will research how
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the current state of architecture sharing is perceived by the stakeholders and how
it could be improved by the use of various coordination mechanisms such as ad
hoc meetings, co-location or communities of practices. Second, as the squads
in the large-scale agile development program become more mature and evolve
towards feature teams, we will investigate the architectural decision-making pro-
cess of squads. We hope to gain a better understanding of the collaboration
between architects and squads regarding the distribution of their responsibilities
for architectural issues.
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Abstract. The Scaled Agile Framework (SAFe) is currently the most
widely adopted framework for scaling agile in the software intensive
industry. Despite this, there exists very little scientific research on the
transformation process, as well as on the challenges and success factors
of using SAFe in large-scale organizations. To start filling in this research
gap, we conducted a case study by investigating the formation of agile
release trains and the related challenges in a large financial organization
adopting SAFe. We conducted 24 interviews with 27 interviewees, after
which we analyzed the transcribed interviews using open and axial cod-
ing.

The SAFe transformation started by forming a pilot train with teams
that already had experience in agile practices. The success of the pilot led
to the launching of new release trains. The forming of new agile release
trains was challenging due to politics, difficulties in identifying the value
streams, and the avoidance of a radical restructuring of the organization.
These challenges led to opting for an organic way of transformation.

Management organized several workshops to identify stakeholders for
the second train. This was followed by team members choosing their
teams based on skills and interests. The last two trains were formed using
Lego workshops. The most significant challenges after forming the release
trains at the case organization were struggles with existing projects and
challenges due to inter-train dependencies.

Keywords: Agile release trains · Scaled Agile Framework · SAFe ·
Challenges

1 Introduction

The agile software development methods were originally designed for small co-
located teams. However, with the success of agile methods in small teams, orga-
nizations started adopting them also in large and distributed environments [1].
c© The Author(s) 2019
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To support this, practitioners have proposed different scaling frameworks such
as the Scaled Agile Framework (SAFe) [2], Large Scale Scrum (LeSS) [3] and
Disciplined Agile Delivery (DAD) [4]. According to the 12th State of Agile Sur-
vey [5], SAFe seems to be currently the most popular scaling framework, with
29% of respondent organizations reporting the adoption of SAFe.

Researchers have identified the lack of research, and emphasized the need for
scientific studies on the adoption of scaling frameworks [6,7]. A recent multivocal
literature review (MLR) on SAFe identified only six scientific studies published
on the framework [8]. Most of the published information related to SAFe consists
of the experience reports written by practitioners. These reports are available
on the SAFe homepage [2]. The MLR also identified a need for research-based
evidence related to the transformation process to SAFe [8].

In this paper, we describe a part of the transformation process in a large
traditional organization in the financial sector. We focus on the formation of
agile release trains (ARTs), a central construct in the SAFe framework, and the
related challenges experienced in case the organization.

The paper is structured as follows: In the next section, we describe how value
streams are identified and ARTs formed according to the SAFe framework. Then,
we present the previous literature on the formation of ARTs and the related
challenges. In Sect. 3, we describe our research methodology and present the
case organization. Section 4 provides out results. In Sect. 5, we discuss the results
and finally, in Sect. 6, we conclude the paper and suggest directions for future
research.

2 Related Work

2.1 The Scaled Agile Framework: Identifying Value Streams and
Agile Release Trains

The Scaled Agile Framework1, introduced in 2011 [2], integrates practices from
lean and agile to support scaling to the enterprise level. The framework has four
different levels: portfolio, large solution, program and team [9]. Each layer has a
set of activities, roles, and processes to support and build solutions.

One of the critical moves during adoption of SAFe is the identification of value
streams, which are defined as “the sequence of steps used to build solutions that
generates continuous customer value. They may deliver either direct customer
value or may support internal processes” [10].

When the value streams have been identified, teams are grouped into ARTs,
which are long-lived organizational structures, composed of agile teams, key stake-
holders, and other resources [2]. An ART typically includes 50–125 people, and
delivers solutions incrementally using time-boxed Program Increments (PIs) [11].
The Program Increments are typically eight to twelve weeks long, and are pre-
ceded by a PI planning. The PI planning meetings, in which all teams in an
ART meet face-to-face, typically last two days, and serve as the heartbeat of

1 See https://www.scaledagileframework.com/ for more information.

https://www.scaledagileframework.com/
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the ART, helping to align the teams to a common vision [12]. During a program
increment, agile teams work on their backlogs using either Scrum or Kanban.

The SAFe implementation road-map [13] gives a detailed description on how
to identify the value streams and form the release trains [10]. The SAFe frame-
work defines two types of value streams: operational and development. An oper-
ational value stream is a set of steps taken in order to provide services to the
customer [10]. A development value stream supports operational value streams
by developing new products or services. Initially, the organization starts by iden-
tifying the operational value streams. SAFe provides a template to help organi-
zations to define them.

After identifying the operational value streams, the next step is to identify
the systems that support the value streams and the people who develop these
systems. Then, the development value streams are identified. The organization
might have one or several development value streams. The development value
streams need to be mostly or wholly independent, in order to deliver the value
without having many inter-value stream dependencies [10].

When the value streams have been identified, ARTs are formed to realize the
identified development value streams. SAFe defines the following set of attributes
of an effective ART: (1) consisting of 50–125 people, (2) focus on a complete
system or a related set of products or services, (3) long lived and stable teams
that deliver value constantly, and (4) deliver independently by having a minimum
number of dependencies with other ARTs [13].

Depending on the number of people in the ARTs, different designs are pos-
sible: “a single ART delivering a single value stream”, “a single ART delivering
multiple value streams”, “multiple ARTs delivering a single large value stream”
[10]. When having multiple ARTs delivering a single large value stream, there
are typically a lot of dependencies between them. In this case, the ARTs can
be designed into feature ARTs or subsystem ARTs. Typically, a large system
might require both types of ARTs. When developing a segment inside large
value streams, ARTs may not be end-to-end. However, in reality, the beginning
and the ending of a value stream are quite relative to each other [10]. The inputs,
values and systems may vary for each different segment that in fact creates a
logical diving line for the ARTs [10]. In practice, other factors like geography,
spoken language, and cost centers might influence the ART design, but these are
considered less desirable [10].

2.2 Overview on Release Train Formation and Its Challenges

The existing literature contains very little information on how organizations
define value streams and form ARTs in pratice. Below, we summarize the
reported information on value streams and release train formation.

During their transformation to SAFe, organizations start to identify the value
streams [14–16]. Some mapped the existing value streams [17] during different
workshops like management [15] and leadership workshops [14]. One organization
reported arranging a value stream mapping event by bringing different Scrum
teams together [18].
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Organizations formed release trains by combining the existing product clus-
ters, Scrum teams and component teams [19], or system teams, development
teams and cross-functional roles [20]. Some cases structured release trains around
the current products and web portals [21], product streams [22], utilities [21],
platforms [21,23], markets [14] and business programs [24]. In one case [22],
the software development domain was divided into eight ARTs, while in another
case [25] several domains, “commercial, cargo, flight and ground operations, engi-
neering and maintenance, finance, human resources”, were combined to form the
release trains. This setup bought in value for all the domains.

Challenges related to defining and structuring the organization around value
streams have been reported by several cases [14,21,26]. In [21], it was difficult
to figure out the domain of the ART. Struggles with handling cross-team depen-
dencies between ARTs and integrating teams with less dependencies into ARTs
was reported in [27]. Resistance to be a part of the ARTs was also reflected in
[19].

Even though the above mentioned literature touches the topic, in-depth infor-
mation on the formation of release trains in practice is lacking both in the grey
and in the scientific literature, grey literature providing more information on the
topic compared to the scientific literature.

3 Research Methodology

3.1 Research Goals and Questions

The objective of our research was to investigate the SAFe transformation in a
large, traditional financial corporation. In this paper, we focus on the formation
of ARTs and related challenges in the case organization, as this rose as a central
theme during the interviews. The case organization was purposefully selected, as
it provided an opportunity to perform an information rich case study [28]. Addi-
tionally, it is one of the largest corporations in Denmark that has implemented
the SAFe framework.

We approached this case in an exploratory manner, and formulated the fol-
lowing research questions:

RQ1: How did the ART formation proceed at the case organization?
RQ2: What were the challenges of forming ARTs at the case organization?

3.2 Case Description

The case organization is a financial corporation developing large and complex
pension and insurance products. At the time of the study, the organization con-
sisted of 1300 persons, of which 300 people (32 teams) were involved in soft-
ware development. The development was distributed to two sites: Denmark and
Poland, the main part of the development taking place in Denmark, while con-
sultants were hired from Poland making up ca 10–15% of the headcount.
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Before agile, the organization used the sequential PRINCE 2 process model,
and was siloed and hierarchical with a command and control leadership style. In
2015, the organization got a new CEO, who brought a modern way of leading to
the organization. A strategy to change the traditional mindset at the organiza-
tion was developed, but people were not ready to embrace the strategy, due to
the lack of resources and the right infrastructure. They were struggling with long
queues and capacity allocation. The organization started a Kanban initiative in
the beginning of 2016, introducing lean projects to optimize the way of running
projects. At this time, a group of 20 persons working on front-end development
started using agile practices.

In the end of 2016, a new CIO was appointed. He gathered many directors and
C level leaders to start an agile pilot. The organization established an agile pilot
with front end teams. During this time, the organization studied different scaling
frameworks and models, including SAFe, the Spotify model, DAD and LeSS,
finally settling on SAFe. A significant force behind this decision was the new
CIO, who had an ambition to implement SAFe, as he had positive experiences
from a SAFe transformation from his previous company. Furthermore, SAFe
provided a top-down approach that helped to get management buy-in. A further
supporting fact was that SAFe had been taken into use by many other financial
organizations, making it easy to recruit coaches with framework experience.

At the time of the interviews, the case organization had four ARTs, see Fig. 1.
Along with the trains they also had formed six Centers of Excellence (CoEs):
Project and Program CoE, DevOps CoE, Lean and Agile CoE (LACE), SAP
CoE, Integration and BPM CoE, and Test CoE.

The organization had approximately 30 projects running at the time of inter-
views. These projects were running in parallel with the release trains.

In the beginning, the organization had quarterly releases. Besides the quar-
terly releases, a few small releases happened every week. Finally, the organization
moved to monthly releases.

3.3 Data Collection

We collected data by conducting 24 semi-structured interviews, during a 3-month
period from February to April 2018. We collected data on different topics, for
example: transformation reasons; transformation process; success factors, ben-
efits and challenges of adopting SAFe; lessons learned; recommendations for
future adopters; what could have been done differently in the transformation;
and future steps at the case organization.

In this paper, we only focus on the formation of ARTs and the challenges
faced after forming them. The interview data was complemented by observations
of two PI planning meetings, in February and April 2018.

We interviewed a total of 27 people from different roles, including developers
(4)2, Product Managers (2), Project Managers (2), Product Owners (2), peo-
ple from different Centers of Excellence (5), Project and Program (1), DevOps

2 Number in the bracket indicates number of people interviewed.



How Are Agile Release Trains Formed in Practice? 159

(1), Integration (1), Test (1), Scrum Masters (2), Release Train Engineers (2),
requirement analyst (1) and person from Service Oriented Architecture (SOA)
(1).

We collected the data from the two longest running trains (DCE and DBI
trains), as they were the pioneers in the SAFe journey. The other two trains (IP
and DM) were only recently formed. All interviews were conducted face-to-face
with two interviewers present, one being the primary interviewer, while the other
was taking detailed notes and asking complementary questions. In one interview
three persons were interviewed at the same time and in another interview two
persons. In the rest of the interviews only one interviewee was present at the
time.

The interviews were semi-structured and conversational to help in adapting
to different roles and to understand individual opinions and perceptions. Each
interview lasted 1–2 h, with an average of 90 min.

Fig. 1. Organizational structure after transition to SAFe
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3.4 Data Analysis and Validation

All interviews were recorded and transcribed, and analyzed using the qualita-
tive coding tool Nvivo 12 [29]. We followed the guidelines from [30] for coding.
The first author started with open coding and compared the similarities and
differences among the open codes and clustered them together into axial codes.
During the process of axial coding, the authors discussed the clustering and
naming. Based on the discussions, a few codes where modified or renamed. We
identified the following high-level codes from the analysis: opinions on the SAFe
framework, transformation reasons, transformation process, success factors of
the adoption, challenges of the adoption, future steps for the case organization,
recommendations for future adopters, lessons learned, and things that could have
been done differently during the transformation.

After the analysis, the results were presented in a feedback session at the
case organization in June 2018. All interviewees were invited. Twelve persons
attended the session, most of which were interviewees. At the end of the session
we discussed with the participants about the existing challenges and the changes
they made in the organization after the interview period, i.e after April. Nobody
disagreed with our results.

4 Results

4.1 The Formation of ARTs (RQ1)

In this section we describe how the case organization formed the ARTs, and the
different negotiations that took place and compromises that were done.

Piloting and the First Train. As this SAFe transformation started from
the IT management, with the CIO leading the change, and not from the top
management, the IT managers had to “sell” the SAFe adoption to the rest of the
organization: to developers, business people and higher managers. They decided
to do that by starting a pilot through which they could show concrete benefits of
SAFe. The pilot, a front-end development area (portal), was chosen. There were
several carefully considered reasons behind this choice: (1) the teams working
in this area had already started using agile and lean practices, (2) the people in
this area already knew each other, lowering the threshold to join the pilot, and
finally (3) in the front-end area it was deemed to be easy to show results and
business value with help of short iterations and frequent deliveries.

“It was the easiest one, we had the people that used to work together. And because
it was front-end development mainly, it was easy to show something. It is much
more difficult when you do back-end development to show results, right? So they
could actually, quite fast show business value.”

— A Coach
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The pilot train was called DCE, for “Digital Customer Experience”. The team
formation was led by the front-end department leader and a project manager
from the digital area. In the pilot phase, the train consisted of four teams. Later
on, after some reorganization, a fifth team was added.

The pilot was commenced by a kick-off event. The event program included
communicating the reasons behind the agile transformation and the selection of
SAFe as a framework, explaining how the transformation will be started, as well
as presenting the management ambitions for the release trains. The kick-off was
followed by a PI planning session at the end of March 2017.

The pilot organization faced problems when trying to collaborate with the
rest of the organization, as the surrounding parts were not ready to support the
pilot as quickly as required by the agile way of working. People outside the pilot
commented that they would not like to change their ways of working just for
the sake of this pilot. As, after all, it was just a pilot that would be over after
some time. Thus, our interviewees explained that being called as a “pilot” was
not purely positive.

“... start with one train to experiment with, but never call it a pilot. Make sure it
is something that is going to stay forever, because then, all the other departments,
the operations, and so on, they need to recognize it and say, oh, then we need to
change some of our processes to help them and support this department”

— A coach

Despite these problems, the pilot ended up being successful, and after less
than six months the next train was launched, with the pilot train stabilizing its
position as the first train.

An Organic Way of Transformation. After the success of the pilot, man-
agement planned to launch new release trains. However, they faced three major
challenges: (1) political issues, (2) difficulties in identifying and separating value
streams, and (3) avoiding a big restructuring of the organization.

Political Issues: Before moving to SAFe, the organization was siloed, with each
director owning a pool of resources. Thus, it was crucial to get buy-in from the
directors to allocate their resources in the release trains. Initially, none of the
directors wanted to lose power by allocating resources into the release trains,
as the power of each director was measured by the number of full-time employ-
ees overseen. Therefore, management wanted to create a comfortable set up for
directors to willingly allocate their resources into the trains. Thus, they had to
make compromises while designing the trains: the trains were almost vertically
sliced, instead of horizontal slicing, to retain their old silos. This structure helped
getting the business buy-in needed for the formation of the release trains.

Difficulties in Identifying and Separating Value Streams: The organization strug-
gled to identify the relevant value streams, due to the presence of tightly coupled
systems with a significant amount of cross-system dependencies. The same spe-
cialized persons participated in the development of several systems. For example,
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there were discussions on splitting up the pension and insurance products into
two different value streams. However, splitting them and making them full stack
was considered extremely difficult due to the lack of resources and the com-
petence profile of people, i.e, very specialized competencies working on both
products. Therefore, these two product groups were finally put into one joint
train.

Avoiding a Big Restructuring of the Organization: The management was not
ready to radically restructure the entire organization and invest in new resources
for getting enough of the currently scarce resources (that were now working with
several products) to each value-stream based train. As the SAFe transformation
was not initiated by top management, the managers driving the transformation
felt that they had to start from somewhere, first making easier changes that
provide benefits and show the potential of SAFe. Then, after gaining experience
of working with this framework, they would gradually start moving people from
one train to another, slowly making the trains end-to-end and based on real value
streams. A few interviewees called this plan an organic way of transformation,
as the following quote explains:

“So that is part of why it is a journey and not just a destination... you can do it as
a big bang decision, but then you have to do it as a complete, almost organizational
re-engineering exercise, where you significantly restructure and probably invest in
new resource pools at the same time. And we were not ready to do that, because we
were doing it a bit more organically, you could say. So I think the way I succeeded
in doing this discussion was that I actually made most of the executives, at least
those close to the transformation, aware that we are now doing a compromise. And
thus, I have opened up the thinking that probably we have to reorganize this within
a year or perhaps one and a half. When we increasingly have gotten maturity in
this way of working.” — A Coach

Transformation Teams. The high level design of the trains was lead by the
main agile coaches. This design included figuring out what will be part of each
train and what is left outside, by discussing details like, what is the focus of each
train, how big are the trains, and which groups of people are part of each train.
After that, the coaches formed transformation teams for each train. Each team
was composed of people from business and different departments, and included
line mangers and specialists. Each transformation team had approximately, 10
to 20 people, as the coaches wanted to involve all key stakeholders to make them
to commit to the train design.

The designing of the trains was carried out iteratively: line managers from
the transformation teams presented the designs to the employees by going to
each department and talking to them. They collected feedback on the design
and afterwards made a few changes to the structure of the trains to achieve the
best possible solutions.

“ So we used a lot of time figuring out what is part of this train, what is not part of
this train. How many people, which people, and then, how to design the teams. And
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we have really used a lot of time for that, designing all those teams and finding out
which people should be in them and what is the focus, and all that” — A coach

Forming the Second Train. Every business area in the organization had
their own data department. The organization had a need to centralize the peo-
ple working on data by aligning different data related initiatives, such as data
warehouse solutions or data for artificial intelligence. Thus, people working on
data were allocated to a second train, the “Data Train”, officially “Data and
Business Intelligence”.

The coaches facilitated the designing of the train. They conducted workshops
by bringing together all people, who were identified as key stakeholders. Initially,
a design workshop was conducted to figure out the purpose of the train and who
should be a part of the train. This train had many departments involved and
people did not share similar qualifications. Again, full-stack teams were not seen
as possible in this train. Thus, they ended up with a component team type of
structure.

“So we started having the design workshop, saying what should the train do, who
should be part of which teams, who should have in the leading roles and actually the
PM and the system architect, trying to figure that out, trying to figure out which
departments, who bought in the idea about a data train, where could we get people,
from which business areas could we have people in the teams.”

— A Product Manager

In another workshop the coaches and the train management described a
vision for each team and chose the Product Owners for the teams.

In the next couple of workshops the team members could put their names in
teams based on their skill set and interests. Later on, the coaches and the train
management made only a few adjustments on the teams. Finally, five Scrum
teams were formed and the Data Train started in August 2017.

Forming the Third and Fourth Trains. The last two trains were formed
in March 2018. The trains were called “Pension and Insurance Products”, and
“Digitalization and Management”. The Pension and Insurance Product train
included the company’s core products and their further development. The Diz-
italization and Management train concentrated on future areas, like digitaliza-
tion of the different work processes in the company’s business, like digitalization
of administrative processes, as well as new directions, like robotics and artificial
intelligence. These trains had eleven and nine Scrum teams when started.

Again, a series of strategic discussions were held to decide the boundaries
between ARTs, in terms of systems, business processes and resources, which
ended up to a rough draft on the philosophy of what kinds of ARTs will be
designed. This draft was further worked in a workshop between business, IT and
team leaders where it was described what kind of teams these ARTs need. The
designing of teams inside the trains was realized by using “Lego-blocks”. Different
coloured legos were used for different roles, e.g., core developer with blue colour
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Legos. Some of the Lego blocks had names on them to represent the limited
resources. Every manager had a certain number of Lego blocks representing a
role. They aimed to make the teams as cross-functional as possible.

“It was really fun. So we were presenting different kind of roles. So each colour is
a kind of role. So it is a portal developer and so on. And then, we put it together
as Legos, [...] we are moving people around with Legos” — A Coach

4.2 Challenges of Forming the ARTs (RQ2)

Besides the challenges mentioned in the previous section: political issues, diffi-
culties in identifying and separating the value streams and not wanting to start
a big restructuring of the organization, we identified several other challenges
the case organization faced while adopting SAFe. To answer the second research
question, we chose to present a couple of the most significant challenges faced
by the organization while forming the ARTs: (1) project related challenges and
(2) challenges due to dependencies.

Project Related Challenges. Complex Projects: Before the transformation,
the development work in the organization was purely based on projects that were
tightly controlled by the project managers. When the transformation started, the
projects still kept running and the project managers kept their role in controlling
the projects. Even though the idea was to finally get rid of the projects, this could
not be done suddenly. Thus, the projects were running in parallel with the trains,
with each project having work items in several trains.

The organization did not implement the portfolio layer with epics, but instead
had projects. The projects were mentally transitioned into epics, i.e, product
epics. These projects, running in parallel with the release trains, required detailed
resource allocation and long term planning. Many interviewees mentioned that
projects were not suitable for the release trains, as they had strict deadlines and
large tasks, which cannot be delivered in small bits. Projects were so complex
that they required detailed analysis phase before putting into the release trains.
These project tasks were put into release trains in the form of features and user
stories. In many cases, one task in a project required more than one train to
realize it. This brought communication and coordination challenges between the
four release trains. Moreover, the project managers felt helpless when they were
responsible for the projects, but at the same time not able to control the work
done in the trains.

Aligning Project and ART Releases: The projects had a different planning hori-
zon than the release trains. The projects employed release management, which
required details of the releases two months in advance. The release cycles of
the projects were not synchronized with the PI release cycle used by the release
trains. Thus, only the release trains were working in an agile way, and the rest
of the organization was still waterfall driven. It was difficult to figure out how
to align the project release cycle with the PI cycle of release trains.
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Prioritization Challenges: The project tasks were distributed between the four
trains due to lack of full stack trains. The priority of the project tasks differed
between trains due to the lack of alignment between the trains. The trains had
different PI cycles, i.e., they lacked PI cadence. They did not have joint PI plan-
ning, nor joint prioritization. One of the project managers mentioned that, they
need to have some kind of planning where they can continue the prioritization or
have some common prioritization session. While some other interviewees hoped
for a portfolio layer to have continuity in the prioritization and to make sure the
related tasks have the same priority between the trains.

For example, if project tasks were allocated between two trains, a task in
train one is prioritized as one and in train two a related task as ten. If there
is a delay, then the train two may move the task to the next PI, which causes
a delay in the delivery of the project, which has a strict deadline. This also
created additional coordination overhead between the trains to ensure the other
tasks related to a certain priority, e.g., “one”, also have the same priority “one”
between all four trains.

Challenges Due to Dependencies. External Dependencies: The tasks and
features done in trains had several dependencies to the organizational units exter-
nal to the trains. Many interviewees reported that every task or feature that was
supposed to be delivered by a release train had lots of dependencies outside the
trains. Additionally, the organization had separated the operations (Ops) and
testing from the release trains by forming separate centers of excellence (CoE)
for DevOps and Testing. This created further delays and dependencies between
the trains and CoEs.

The organization found it impossible to form full stack trains by having all the
competencies and people working full-time for the trains also from the external
units. These dependencies between the trains and external units caused a lot of
delays to the deliveries.

Inter-train Dependencies: The train design still had the old silo structure, i.e.,
the trains were responsible only for their own silo. The front-end and the back-
end work was distributed between two different trains. Most tasks required data
from the back-end to change something in the front end. This caused a lot of
dependencies and coordination needs between the trains and finishing a task
during the same period was challenging.

Many people argued these dependencies between the tasks were already
present while running the projects, but there were project managers to coordi-
nate the dependencies. After SAFe, the coordination of dependencies was pushed
down to the team level. Teams were good at identifying the dependencies, but
they were not good at acting on them. The project managers, who were not part
of trains, were trying to coordinate between the trains, even though the teams
should coordinate themselves according to agile and SAFe.

“A lot of these coordination things has been done by a project manager, before it
hits the train. It is a lot bigger challenge, when you have to do it on the fly. [...]
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And that is where the silo is a problem. If you have full-stack, then it is internal,
and then you can solve it internally in the different tracks, but when you have the
silos, you have to talk across. And that is a challenge.” — A Project Manager

Some of the interviewees, especially at the team level, expressed the need
to bring in the portfolio and large solution layers to deal with the coordination
between the ARTs. At the end of our study period, the coaches were planning
the portfolio layer.

5 Discussion

5.1 RQ1: How Did the Release Train Formation Proceed at the
Case Organization?

The SAFe transformation was initiated by launching a pilot with the teams that
already had experience with agile practices. The SAFe implementation road-
map [13,31] does not explicitly mention piloting as a starting point for the
SAFe transition. However, it recommends the organizations to “pick up one value
stream and one ART” and then, suggests to make a preliminary implementation
plan for launching the next successive ARTs [31]. The same scenario was observed
in our case, as they started with a pilot and then launched three more new ARTs.
Several such instances of starting a pilot were identified in the literature [32–37].

After the success of the pilot, the organization was not ready for a radical
and organization-wide restructuring for launching the new release trains that
would be based on value streams. Instead, the old silo structure was retained
to gain political acceptance for the transformation. Thus, an organic way of
forming the release trains was initiated without having “rigid value streams” in
the beginning, but planning to change the trains gradually towards real value
streams. Likewise, several organizations in the existing literature struggled to
identify the right value streams [14,21,26].

The road-map says [13] breezing or attempting a shortcut for identifying
value streams is considered as “putting your foot on the brake at the same time
you are trying to accelerate” [10]. This statement seems to be true within our
case, as several challenges arose due to compromising for the train structure by
designing them around silos instead of value streams. However, this compromise
helped, according to our interviewees, the organization to gain acceptance for
the transformation and to get more business resources into trains, which might
not have happened by aiming for rigid value streams. This case adopted several
innovative approaches for designing the teams for next three trains, such as
design workshops and Lego workshops. We could not find detailed information
on experiences of forming ARTs and teams in the existing literature.

5.2 RQ2: What Were the Challenges of Forming Release Trains at
the Case Organization?

The case organization retained its old silo structure even after forming the release
trains, due to political struggles and the desire to avoid big restructuring. Man-
aging dependencies between the four silo based release trains was a significant
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challenge, which created coordination overhead. The same was reflected in [27],
regarding managing the cross-team dependencies across release trains. Addi-
tionally, several other cases of adopting agile at scale reflected challenges with
cross-team dependencies [1].

Our case struggled with complex projects that were hamstrung with dead-
lines and large tasks, as existing projects continued and their tasks were just
distributed to different trains. Project managers continued their work, but did
not have a say in the prioritization of the tasks distributed to different trains.
We did not find similar cases from the literature.

5.3 Limitations

We identified the following threats to validity [28].

Construct Validity: This treat is concerned with how well the case study reflects
reality. We carefully selected a rather large number of respondents representing
various roles jointly with the organization to facilitate respondent triangulation.
Initially, we made a list of potential interviewees, during a PI planning session
at the case organization. This list was checked by one of the core member of the
transformation team, who also suggested other people for getting the desired
information for the study. There is a treat to misunderstand and misinterpret
the questions, this was mitigated by conducting the interviews in a conversational
manner, that helped interviewees to clarify the questions, in case of ambiguity.
All interviews were conducted by two researchers, who also actively discussed
the analysis.

External Validity: The external validity is concerned with the ability to generalize
the results to other contexts. While it is difficult to explicate the exact context
variables that facilitate generalisation, we compared our results with other SAFe
case studies [2], with the SAFe implementation road-map [13], as well as with
general studies of large-scale agile adoption [1].

Reliability: This threat is concerned with replication of the study. There is a
threat of researcher bias in interpretation of the data. To mitigate this threat,
we collected data from multiple sources, to ensure correctness of data. The results
of coding process were validated by conducting a feedback session at the orga-
nization, and by discussing the analysis among the researchers.

6 Conclusions

The number of organizations adopting SAFe is increasing, but despite this, sci-
entific studies on adopting this framework are scarce. Moreover, the published
studies contain no in-depth information on the transformation process. This
paper makes a contribution by describing the formation of ARTs and the chal-
lenges faced while forming them, as part of a SAFe transformation.

SAFe is not a silver bullet to all the scaling problems encountered by large-
scale organizations. It can only be a starting point for scaling, and cannot solve



168 A. Putta et al.

all the challenges involved. Several organizations have reflected the struggles to
form the release trains and to identify suitable value streams, especially those
that develop multiple and tightly coupled systems. In this specific case we could
see that turning a silo based traditional organization with projects into a SAFe
organization that would have value stream based agile release trains was not pos-
sible overnight. The steps towards the goal required compromises, which caused
a lot of challenges.

The current literature lacks in-depth information on how to form release
trains and value streams in real complex organizations. Since several organi-
zations have reflected such challenges, it is crucial to conduct more in-depth
research on how to form release trains in practice and how to mitigate the chal-
lenges encountered to provide guidance to the practitioners. We welcome case
studies, especially from matured organizations, that have taken SAFe into use
for more than three years ago and that could give detailed information on the
mitigation strategies adopted for the challenges faced during their SAFe adop-
tion.
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Abstract. Organizational management traditionally has taken care of all the
important strategy, structure, and work-design decisions, as well as most of the
ongoing decisions about work procedures. In large-scale corporations with many
geographically distributed sites and high divisional detachment, such strategies
are yet doomed to result in implementing irrelevant work methods and proce-
dures that conflict with the local interests. As Tayloristic habits are disappearing,
organizations willingly or unwillingly change their decision-making approaches
to enable more participation and influence from the performers. These trends are
associated with the rise of participation-based parallel structures, such as quality
circles, task forces or communities of practice. In this paper, we present our
findings from studying corporate-level communities by the means of a multi-
case study at Ericsson. We found that the main hindrances are related to the
limited decision-making authority of parallel structure, member selection and
achieving representation across the organizational units. Our results suggest that
parallel structures highly depend on the authority of the members within their
local communities, and their ability to not only channel the dialog between the
units they represent and the community, but also enable the active engagement
of the unit in the community studies. As such, we believe that special attention
shall be put on the ambassador role of the community members.

Keywords: Large-scale agile � Organizational agility �
Bottom-up governance � Communities � Parallel structures �
Alignment for autonomy � Empirical

1 Introduction

The sweet spot of agile methods is small-scale software development, and the vast
majority of agile methods are intended to improve efficiency and effectiveness of small
agile teams. Yet, adoption of agile principles on a corporate level and for large-scale
contexts is gaining a lot of attention [1]. The paradigm shift towards increased agility
on all levels in the organization has motivated major organizational transformations and
puts the traditional hierarchical view on decision-making in question. In fact, along
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with agile transformations on the development levels, large organizations are
increasingly adopting alternative organizational models to circumvent the challenges of
traditional hierarchies, top-down management structures, and centralized decision-
making, and focus on self-management, autonomy and decision-making as a shared
process, even though these efforts are associated with many challenges [2–4].

To become more flexible, large-scale organizations seek new ways to combat their
inefficiencies. Centralized decisions in large organizations significantly slow down
decision-making, and, to function faster, such organizations increase autonomy through
decentralization at the divisional level, while keeping the technostructure at corporate
headquarters [5]. However, such work systems are often associated with divisional
detachment and increased coordination challenges [6], as well as varying quality and
efficiency across the different units. It is not uncommon that different organizational
units simultaneously would spend effort on attacking the same problems, or in the
worst case even developing competing products. Thus, large organizations often
depend on their ability to standardize the outputs and process [5] through coordination
and alignment.

In a large-scale agile organization, where work is organized in programs and teams
situated in different geographic locations and often belonging to different organiza-
tional units, there is a need to align a lot of decisions, e.g. the vision, mission and
strategy, development tools to use, methods and processes. Standardizing the processes
and tools will also help the organization in keeping track of the state of practice across
the organization, to share good practices and knowledge across the organizational units.
At the same time, rigid control impairs necessary local optimizations and ability to see
creative solutions to local problems [7]. To succeed, organizational units need the
freedom to choose the best processes and tools to solve their problems in their par-
ticular context. This leads to a paradoxical challenge of how to standardize as little as
possible to benefit from organizational alignment and not impair the autonomy and
flexibility.

One of the known answers to this challenge is fostering organization-wide par-
ticipation in leading the alignment efforts with the means of structures parallel to the
traditional organization. Parallel structures are permanent or temporary structures that
are established to supplement the regular organization by performing functions that it
does not perform or is ill-suited to perform well [8]. Some examples of parallel
structures include quality circles [9] and communities of practices [10]. In this paper,
we present our findings from studying corporate level communities in Ericsson, a large
international company headquartered in Sweden, one of the worldwide leaders in the
telecommunication market. Ericsson can be seen as an organization compound of many
geographically distributed research and development centers united in thirteen product
development units (each of which may include multiple geographic locations). Ericsson
has started the World Class Development program in 2014 to improve the ways of
working across the whole organization, and multiple workgroups were created to
formulate corporate-level strategies and standards within selected subject areas.
Members for the work groups were chosen from different parts of the organization, to
find ideas and solution candidates already existing in the organization, and to increase
the buy-in. These work groups were coordinated by the Software Systems community,
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the first corporate-level community that later initiated the transformation of the short-
term working groups into long term communities that support the organizational units
in the deployment of established standard approaches, and lead the continuous
improvement of these standard approaches.

As a form of parallel organizations, communities have their strengths and weak-
nesses. Lawer and Mohrman [9] have observed that such company-wide mechanisms
are said to attract a lot of attention and enthusiasm in their startup phases but then
require significant effort to sustain them over several years. Similarly, not all Ericsson
communities turned out successful in the long run. A few years after the implemen-
tation of the parallel structures, the community leaders recognized that achieving an
agreement and commitment to the concept of corporate communities across the
organization is challenging. The organization continuously changes and the community
leaders have to keep all the managers from different organizational units aware of the
community mission and work. This was challenging because collaboration over
boundaries in a fragmented organization is a very formidable task, and because this
initiative is still looked at as being driven from “above”. Our research is thus driven by
the need to better understand what makes or breaks the implementation of parallel
organizational structures that are introduced to increase the agility in the large. In our
research we thus aim at answering the following questions:

RQ1: What hinders participation-based parallel structures in a large-scale dis-
tributed agile organization?
RQ2: How to strengthen such parallel structures to maximize their benefits?

The rest of the paper is organized as follows. In Sect. 2, we summarize the existing
research related to the participatory mechanisms for organizational alignment. Sec-
tion 3 outlines the empirical background of our work, and the applied research
methodology. Section 4 contains the results, which are discussed in Sect. 5, followed
by conclusions in Sect. 6.

2 Related Work

Parallel organizational structures can be seen as a part of corporate governance, ele-
ments of the system relating to the management and control of an organization. As a
governance structure, it should specify the distribution of rights and responsibilities,
and arrange the rules and procedures governing decision-making processes. Although
the area of organizational governance is a well-developed research field, studies on
participation-focused parallel structures used for governance tasks in large-scale agile
software organizations are scarce.

Participation and involvement have been one of the most important foundations of
organizational development and change and has always been a central goal and one of
the pillars of organizational learning [11]. When members of an organization feel they
are excluded from participation by the leadership, they will find ways, often unhealthy,
to express themselves [12]. Participation is also highly valued in software companies
[13] and specifically in agile software development. Therefore, organizations need to
provide a climate of participation if they are to remain healthy. By doing so, they
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increase not only the learning capacity of employees, but also their ability to influence
organizational outcomes. Another potential effect of participation is increased emo-
tional attachment to the organization, resulting in greater commitment, motivation to
perform and desire for responsibility. As a result, employees care more about their
work, which may lead to greater creativity and helping behavior, higher productivity
and service quality [14]. However, participation is a challenge when the scale is large,
even in agile organizations, where thousands of developers are scattered across mul-
tiple locations. Further, participation itself does not ensure that an organization will be
successful in achieving its goals, and participation includes some degree of risk, as seen
by management. For participation to be successful, the members of an organization
must know how to participate effectively [12].

So, how does a large-scale agile organization achieve participation? Several tech-
niques have been proposed to foster participation in organizations. Cotton et al. [15]
found that long-term forms of participation appear to be more effective than short-term
forms. For example, search conferences [16], survey feedback [17], autonomous work
groups [18], quality circles [9, 18], process workshops [19], and learning meetings [20]
are all predicated on the belief that increased participation will lead to better solutions
and an enhanced organizational problem-solving capability.

Self-organizing groups that transcend official organizational structures have proven
to be key enablers for success in the kinds of environments, where top-down organi-
zational alignment, standardization and control are unwanted or difficult to operate [2].
A quality circle, for example, is an organizational structure composed of volunteers
who arrange regular meetings to look at productivity and quality problems and discuss
work procedures [9]. The strength of such circles is that they allow employees to deal
with improvement issues that are not dealt with in a regular organization. The solutions
proposed by the quality circles may or may not be implemented by the organization
[18], since they are formulated as recommendations further discussed with and
approved by the management. As such quality circles have a participatory rather than
delegated decision-making [9]. Similarly, communities of practice that are tradition-
ally suggested for their ability to foster knowledge sharing within an organization, and
help individuals expand skills and expertise [21, 22], are also cultivated for their
potential to help organizations improve coordination and standardization across units
[10].

Both quality circles and communities of practice are well researched parallel
structures. There are also examples of related research in the context of large-scale
agile, including project level communities such as communities used for inter-team
coordination in an agile program [23], communities using open space technology as a
participation technique similar to a search conference [16] that served as a forum to
discuss challenges and improvement initiatives [24], experience forums focusing on
improving the development methods in a large-scale program [25] and communities
that primarily target knowledge culture in organizations [22]. At the same time,
corporate-level structures especially in the large-scale agile context are not well
understood. Lawer and Mohran [9] mention task forces that broaden the quality circle
structure by including the authority to look into policies, organizational design and
other organizational issues. Kahkonen proposed three agile methods developed at
Nokia that use facilitated workshops to solve multi-team issues and cultivate
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communities of practice that amass people from different parts of organizations to
perform a specific well-defined task [2].

Finally, it is fair to assume that research proposing recommendations for well-
functioning parallel structures enabled on the operational level such as the task forces,
quality circles and communities of practice, are also applicable on a corporate level.
According to Lawer and Mohran [9] and Wenger et al. [10], to succeed with the
implementation of parallel structures, an organization shall pay attention to:

• Designing the existing organization to support the parallel structure by ensuring the
needed decision-making authority and means of getting the needed support in
implementing decisions;

• Involving a broad part of the organization by allowing open participation of various
forms and promoting a high level of participation and representativeness across the
organizational units;

• Delivering the value for the organization and the participants. This often means that
a parallel structure shall be equipped with the competence needed to make good
suggestions and decisions from practical and economic points of view, taking into
account overall strategy and business objectives;

• Ensuring the visibility of the achieved results and value created for everyone.

3 Research Methodology

Since the goal of this research is to explore and provide insight into the participation-
based parallel organizational structures in large-scale agile software development, it is
important to study such structures in practice. In this study, the focal point is corporate-
level communities that are introduced to improve work processes, methods and tools in
the areas of organizational importance, where coordination and alignment across
organizational units is seen as a source of performance and cost benefits.

To address our research questions, we designed a holistic multiple-case study [25]
of seven communities in one company, Ericsson, which had been using agile for more
than 10 years. According to Yin, case studies are the preferred research strategy when a
“…question is being asked about a contemporary set of events over which the
investigator has little or no control” [25].

Our sample contained seven out of eight communities; all available for study (C1–
C7, see Table 1). Our research was performed in two steps. First, we contacted
community leaders to learn and describe how the corporate level communities operate
(October 2017). Then, we performed a detailed study of two selected communities
focusing on the challenges and improvement recommendations from the point of view
of the community members (November 2017 – March 2018).

3.1 Data Collection

In the first step, we interviewed the leaders of all seven communities. We conducted
eight semi-structured interviews (one leader was interviewed twice), which aimed at
capturing community’s mission, authority, membership and repertoire. All interviews
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were approximately 1 h long, conducted in English and recorded with the help of
AudioNote. Most of these interviews were held in person, but some via Skype due to
unavailability of the interviewees in the office.

Based on the first step, leaders of two communities (C3 and C5, see Table 1)
volunteered for detailed analysis, during which the researchers observed online com-
munity meetings and interviewed community members. In both C3 and C5, we started
by interviewing the leader (one in C3 and 2 interviews with the leader of C5). The
leaders helped us select six members (passive, active and new) for further interviews.
We also observed community meetings at two occasions in each of the communities
and wrote detailed minutes. All interviews in the second stage were held electronically
via Skype, conducted in English and recorded with the help of AudioNote.

3.2 Data Analysis

The data collected from 23 interviews and four observations was analyzed in iterations.
All interviews were recorded using AudioNote which is a tool for writing notes during
the recording. The notes are then connected to the actual part of the interview. During
the data analysis, we listened to the interviews and extended the notes. Through our
engagement with the data, the success criteria for implementing organizational parallel
structures emerged as an appropriate lens for examining participation in a large-scale
agile setting. Thus, when analyzing the data, we used the success criteria from related
research [9] as input and sought to understand the hindrances.

When analyzing the data, we relied on data source triangulation. Our rationale for
the choice of interviews, observations and documentation as data sources for the study
of communities as an example of participation and parallel organization is that by
interviewing members, we gained access to their own understanding of the commu-
nities. Analyzing the observations and documentation shed light on the reasons given
by the interviewees and provided context to their statements. As such, data triangu-
lation is likely to have strengthened our findings and conclusions by increased
accuracy.

4 Results

In this section, we describe our results from studying corporate-level communities at
Ericsson and how they enable organizational agility and participation in a large-scale
distributed organization. As described in the related work, to succeed with the
implementation of parallel structures, an organization shall pay attention to [9, 10]:

• Ensuring the needed authority;
• Involving a broad part of the organization;
• Supporting value creation for the organization and the participants;
• Ensuring visibility of the achieved results for everyone in the organization.

In the following, we describe how the studied communities are set up (see Table 1),
their mission and scope, and how they operate according to the above success criteria,
and what are the main hindrances.
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4.1 Mission and Scope

Ericsson has started their agile transformation more than 10 years prior to our inves-
tigation. However, the maturity of the new ways of working significantly differs across
the organizational units and geographic locations. Corporate-level communities were
implemented partly to support the agile transformation and the acceptance of the agile
principles, and partially to foster the participative culture across the organization. Each
of the studied communities focused on a selected strategic area (see Table 1). The
prime purpose of these communities can be seen as standardization [27]. As an
interviewee described: “When we got 100 [agile] teams in eight countries we need to
agree on some common tools”. Based on a high level of participation, communities are
responsible for keeping track of the state of practice across the organization, com-
municate the corporate strategy, get feedback on the feasibility of the needed changes,
enable autonomy and support the units in their efforts towards alignment. As explained
by an interviewee “It is about just-enough alignment, maximum autonomy and max-
imum participation…. We call it a self-organizing eco-system”.

While standardization and corporate-level alignment is the essential mission of the
studied communities, knowledge sharing is also an important emergent task. Most of
the communities dedicate time for sharing experience across the organizational units.

Table 1. Overview of the studied communities. “X” in the table denotes characteristics present
in a community.

C1 C2 C3 C4 C5 C6 C7

Focus areas and
characteristics

Continuous
analysis

Software
development

Performance
management

Tools CI and
test

Capability
management

Software
development system

Mission and scope

– Strategy
development

X X X

– Standardization X X X X

– Support with
alignment

X X X

– Status monitoring X X X X

– Knowledge sharing X X X X X X X

Authority

– Makes a decision X X X X

– Makes a
recommendation

X X X

– Unclear X

Membership

– Open X X X X X

– By appointment X X X X X

– No of members 30 30–40 13 31 30 30+ 25–30

Representation

– Represented units 10 Unknown 13 13 12 13 11

– Unrepresented
regions

Asia, USA USA Asia, India,
USA

Asia, India

Meetings

– Duration 1 h 1 h 1–1,5 h 3 h 1,5 h 30 min 1,5–2 h

– Frequency monthly biweekly biweekly biweekly every 3rd

week
biweekly monthly
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Knowledge sharing is often fostered by community leaders, who seek interesting topics
and contributions from more mature units and request to demonstrate locally developed
tools, practices, and lessons learned, such as the advances in continuous integration or
continuous testing. This is said to be of great value for less mature organizational units.

To keep track of what is going on across the organization, discuss the needed
improvements to the corporate strategies and share the knowledge across the units, the
studied communities hold regular planned meetings. These meetings are on average
1,5 h long (between 30 min and 3 h) and are typically held on a biweekly basis. Since
all communities have representatives from different geographic locations, community
meetings are held electronically, typically using audio channel only. Some commu-
nities happen to have several co-located members who gather in the same meeting
room and connect to the rest of the members via a phone conference.

The vast majority of community meetings follow a structured agenda, proposed by
the leader. From observing community meetings, we found that the meeting in one of
the communities was about reporting and informing, and it’s mostly the leader talking.
The other observed community had more interaction and discussion.

Beside the meetings, members are required to read material before the meetings,
answer questions, elicit feedback or seek approval locally in their units, prepare pre-
sentations on the status in their units, and pursue the units to engage in field studies, i.e.
testing community ideas, piloting new ways of working.

4.2 Decision-Making Authority

We found a great variance among the corporate-level communities with respect to their
decision-making authority, as well as commonly recognized challenges. First of all, we
found that most of the communities make recommendations to management, based on
their work, similarly to the quality circles [9] which means they do not have unlimited
decision-making authority. Among seven communities, the leaders from only three
communities had a strong belief they have the power to drive the strategy or change the
existing standards in their areas. This means that the targeted cross-organizational
alignment becomes a result of a dialog between the units, the community and the
corporate management. The leaders of other communities mentioned that they either
did not have the power to make certain decisions or have never used it. In some
communities, the alignment directives are driven from the top down, in which case
members of the community develop an action plan on how to comply with the cor-
porate directions and follow up on the progress across the organizational units.

One particular challenge related to authority many communities face is their limited
ability to implement the standards across the organization units. Some of the com-
munity recommendations might conflict with the interests of particular organizational
units. As one member explained: “What is a good practice in one [organizational unit]
is not a good practice in another”. Since communities are not equipped with policing
functions, but focus on the status gathering and support, the perceived authority of the
communities to purse the organizational units is low. As such, some leaders said that
when organizational units disagree with the alignment requests, they can simply not
follow the community recommendations. In addition, communities cannot request the
units to apply or implement their proposals, because communities do not have any
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dedicated budget, and any community-related field work ultimately depends on the
ability of local representatives to find and approve the use of resources within that unit.

Challenge: When corporate interests are in conflict with the local interests, 
community recommendations may be ignored due to a lack of formal authority.

While some community leaders and members perceived missing a formal decision-
making authority as a problem, others explained that the formal authority was not that
important. For the parallel structure to influence the established organization, several
interviews claimed that it was more important to have a dialogue with the key man-
agement in the local organizations. One community member explained: “To make a
change you need to discuss [it] with management that got decision-making authority….
I therefore conducted 30 min interviews with key stakeholders in the line organization
to understand their perspective and to create a good relationship. Then I use my social
network to influence their decisions”. This community member was successful in
implementing decisions made by the community and to share knowledge from the
community. He called himself a “diplomate”. However, not everyone had such a strong
network and were able to influence others.

Challenge: While the lack of authority can be to a degree addressed by a strong 
local social network,  community members that are new or weakly integrated in 

the organizational networks are not able to have any local influence. 

4.3 Breadth of Involvement

We found that all but one community (Software Developer community that was open
to anyone) are designed to have permanent members representing each organizational
unit. Some of these communities are also open for additional members. At the moment
of our study, the number of community members varied from 13 to 40 with the average
of 28 members. The units could be represented by one or several members and could
bring guests to particular meetings. One community maintained an information channel
open for subscription with over 90 subscribers.

All community leaders agree that broad involvement from the units is important for
the corporate-level communities to be able to make good decisions and make sure that
recommendations do not conflict with local interests of a unit. At the same time, having
too many representatives can also cause challenges. Communities with too many
people involved in approving ideas makes decision-making process slower. As the
leader of the CI and test community explained: “The wheel is too big to turn. It can take
months”. To ease the process of feedback elicitation and speed up decision making,
some communities publish working material in the community spaces and used
Yammer1 functionality for online discussions, where the members can trace all ques-
tions and comments, and make changes before meeting and discussing the decisions.

1 Freemium enterprise social networking service used for private communication within organizations.
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Another challenge that impacts the efficiency of decision-making is the coverage of
the units in the community. Three of the studied communities reported that they do not
have representatives from all units or locations. This mean that decisions taken in the
community might not reflect the actual situation in the whole distributed agile orga-
nization, and that decisions need to be revisited if people of the missing units join.

Furthermore, some community leaders said that the organizational units do not
always make a good selection of representatives. As the CI and test community leader
explained, communities need to get the right people to represent the organizational
units, and thus it is important to seek the best suited experts instead of formal
appointment. These people shall have local authority and a contact network, to be able
to elicit fast feedback from the unit on the decisions discussed in the community.
Another community member verified this view: “How successful we are depends on
who are the members and how well they are connected to the local organization”.

In addition, some of the organizational units are so large (see Fig. 1) that one
representative is not always aware of the processes and happenings across the whole
unit he or she represents. One of the members from the CI and test community
described that his unit is a merger of two different product development organizations
spanning several geographical locations. Each of the product development organiza-
tions had their own methods, processes, and tools, and subsequent interests. Thus, he
thought that ideally more representatives were required to represent the possibly
varying interests.

Challenge: Achieving an agreement across all organizational units takes time.

Fig. 1. Structures relevant for selection of unit representatives.
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The ability of communities to make the interests of particular organizational units
heard was also affected by the level of attendance of the meetings. Some organizational
units are represented, but the members either do not attend meetings, or remain inac-
tive. Community leaders estimate that on average about 40% of all members participate
in meetings. The community with the highest attendance reported 2=3 of the members
to be present regularly, while the community with least attended meetings reported
about 1=5 of the members. Notably, only 1=3 of the members present in the meetings is
said to actively engage in discussions or ask questions.

Challenge: Poor attendance and activity of the members negatively influence 
their ability to voice the interests of particular units in the community.

To understand what influences the level of engagement, we elicited opinions from
the members of two communities. The following circumstances increased participation:

• Personal contact and familiarity among the members;
• Personal interest and competence in the topic;
• Leader’s effort in engaging members.

We also learned that participation decreased when:

• Organizational unit’s competence is much higher than that of others member rep-
resented units (perceived ability to learn from others is low);

• Only the leader on the agenda, so others are reluctant to engage;
• Members are new to the community and have not been properly onboarded;
• Organizational units do not prioritize or recognize community work.

4.4 Value and Results

We found that communities generated value on three levels – corporate level, unit level
and individual level of the members. On the corporate level, the recognized benefits are
primarily related to the ability of the communities to drive the execution of strategic
plans, capacity for knowledge-development projects and form knowledge-based alli-
ances, and enabling coordination, standardization and synergies across organizational
units. On the unit level, the benefits seem to be twofold. For more mature units,
participation in communities provides opportunities to influence the corporate strate-
gies and promote their local advances in an area to the corporate level. Meanwhile less
mature units can benefit from getting access to the advances from across the organi-
zation. Finally, on the individual level, the interviewed community members men-
tioned to benefit from participation in the community through the ability to deepen their
understanding of the standards, find solutions to own problems and learn from others,
and from networking with key experts across the organization.

Challenge: Selecting one permanent member to represent an organizational unit 
is insufficient in large distributed units.
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4.5 Visibility in the Organization

Sharing experience among units and disseminating community work results, including
conclusions based on cross-unit field studies and investigations, was seen as an
important mission for all communities. The main means to achieve this included
communication among the members and with their local peers, communities and
management, and sharing results through a community web page that is available for
everyone in the company. One particular community enabled a number of means of
communication with the community for the rest of the potential users (see Fig. 2):
anyone accessing this web page can ask questions about the community, see the results
from community work, and community plans (e.g. backlog and task list).

Some members complained that their communities were not well recognized or
even known to their peers in respective organizational units, while others said that their
communities were well-recognized for their work. We found that in many cases, the
visibility of the community was again directly related to whether the individual
members are well connected in their local units. One of the community members
explained, “In some cases I have used own distribution lists. In other cases I go
directly to persons I know are affected, sometimes I set up a meeting with whoever
should be aware of [the results]… I am using the established forum where product,
processes, methods and tools [-related] meetings we have, where I can present this
kinds of stuff”.

Challenge: Community work visibility across the whole organization highly de-
pends on the connections of the community members in local units’ networks.

5 Discussion

In this paper, we presented our findings from studying corporate-level communities by
the means of a multi-case study at Ericsson. These structures at Ericsson are regarded
as important elements of the self-organizing eco-system. We now discuss our results in
light of our research questions: What hinders participation-based parallel structures in
a large-scale distributed agile organization? and How to strengthen these parallel
structures to maximize their benefits?

Fig. 2. A snapshot of a part of the Software Development System’s community web page.
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5.1 Hindrances in Corporate-Level Parallel Structures

To understand what hinders corporate-level parallel structures at Ericsson, we have
analyzed their characteristics in the light of the success factors proposed in related
research [9, 10]. A successful parallel organizational structure is said to have support
from the organization in terms of the needed decision-making authority, to involve a
broad part of the organization, to deliver value for the organization and the members,
which is also recognized within the organization.

With respect to the organizational support, we found that not all Ericsson com-
munities have received the needed decision-making authority. Our results suggest that
some communities still act upon top-down directives, and have limited decision power,
while others drive the strategy and improvements in their area. Furthermore, we found
particular challenges with the ability to pursue and engage the organizational units in
community studies and initiatives. Corporate support was insufficient and whenever
community recommendations conflicted with the local organization, communities were
perceived as a burden, as suggested in related research [9].

With respect to the involvement in the large-scale distributed context, we further
found that the studied communities had a broad coverage of the organizational units.
While voluntary participation is often seen as a weakness of community structures [10],
mandatory unit representation ensured a reasonable representativeness, even though
some units were not represented in some communities. The main challenge with
respect to involvement was to sustain high levels of member participation in meetings.
Similarly to related research [9] we found symptoms that the enthusiasm when the
initial work groups were launched has decreased over time, and some of the previously
active members have become less active. We also found that achieving a valid rep-
resentation of all locations and programs in large units was important (see Fig. 1), since
each might have their own work processes, tools and/or local improvement initiatives.
As such, we found that the success of communities highly depends on whether the
members are well connected in their local networks and the level of their awareness of
what is happening across the unit they represent.

Most of the communities seemed to work successfully towards their goals, i.e.
coordinated the deployment of the standards and policies supporting agile software
development and balancing the corporate need for alignment and the local need for unit
autonomy. As such, the organization represented by the Software Systems community,
has recognized the value of enabling community-based parallel structures. The indi-
vidual members also benefitted from their membership in terms of access to the
knowledge and a company-wide expert network. As such, our study confirms the
ability of parallel structures to create value on an organizational and individual levels
[10, 21]. Furthermore, we learned that those who seem to benefit the most from
community membership were the representatives from the organizational units with
less mature ways of working or limited knowledge in an area of community concern.

Finally, community leaders have complained about the lack of visibility of their
results across the organization, and the lack of understanding of the value for the units.
In fact, many community leaders and community members commented on the lack of
dedicated time for community work given to the unit representatives (a common
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problem in communities of practice [22, 27, 28]), and the lack of recognition of the
importance of unit representation.

5.2 Strengthening Corporate-Level Communities

Our findings suggest that parallel structures might be doomed to take a back seat when
it comes to power and decision-making mandate in comparison with official organi-
zational structures. Therefore, we would like to emphasize the importance of the
personal authority and connections of the individual unit representatives in their local
organizations. In contrast to communities of practice, in which membership is volun-
tary and internal structures evolve organically [10], parallel structures similar to the
studied communities at Ericsson will need mandatory membership in addition to the
open one, and careful selection. We believe that the key to strengthening the corporate-
level communities is related to finding ambassadors well anchored in their local
organizations. Our findings suggest that even if a community would have no authority
mandated by the corporate management, it would still be able to drive initiatives, if the
individual unit representatives had local authority. Furthermore, it seems that the
number of representatives does not matter, if the member present is well connected.
This is why we believe that local authority and the amount of connections in the
organizational unit’s should be the prime characteristics for member selection.

At the same time, our findings suggest that member participation and unit
engagement play a critical role when it comes to the value created by the communities.
All of the identified benefits of the studied communities relate to learning, discussion,
networking or coordinating with others. If the number of participants is low, naturally
the benefits provided by participation in the community are decreasing. Larger par-
ticipation seems to increase the potential to provide more benefits. In particular, it
increases the chances of spreading the good practices and improving coordination and
alignment. The only drawback could be perhaps when organizational units have too
diverse practices and strive for more autonomy. In this case, increased participation
might lead to increased disagreements.

Other recommendations based on our findings and related research include:

• Enabling decision-making in the community [9, 10, 27, 28];
• Welcoming different level of participation [10, 27] to increase the level of partic-

ipation, as well as the transparency and visibility of community work;
• Allocating the needed resources for community work [22, 27, 28], (members and

unit engagement in locally run activities);
• Strengthening external image of the community [9, 10], e.g. by making community

work results publicly available.

6 Conclusions

Several studies show that participation is not only an agile value but is important for
any software company to be successful [13]. We have given examples on how a large
software company has used corporate-level communities for achieving long-term
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participation across a number of organizational units in enabling alignment and
autonomy in large-scale agile organization.

We found communities that had the power to define the strategy, and others that
worked with the implementation of a management strategy. Some communities made
decisions themselves, others provided recommendations to the management. As such,
there were examples of top-down, bottom-up and sandwich decision-making
approaches.

We found a number of hindrances that lowered the ability of communities to impact
the organizational units. We have listed recommendations for strengthening the com-
munities, with community member selection being the key one to compensate for the
common deficiency of mandate given to a community. We conclude that members of
parallel structures shall be well-anchored ambassadors, having close contact with
practitioners in a selected area, being aware of what is happening across the whole unit,
and having a strong network and local authority to deploy the community work.

We will continue to study how both new and old participation techniques are used
in Ericsson, and the balance between autonomy and alignment in large-scale agile. We
will also study how other large companies can achieve a higher level of participation in
agile software development, particularly at the team, project and program level.
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Abstract. The shift from sequential to agile software development orig-
inates from relatively small and co-located teams but soon gained promi-
nence in larger organizations. How to apply and scale agile practices to
fit the needs of larger projects has been studied to quite an extent in pre-
vious research. However, scaling agile beyond organizational boundaries,
for instance in a software ecosystem context, raises additional challenges
that existing studies and approaches do not yet investigate or address in
great detail. For that reason, we conducted a case study in two software
ecosystems that comprise several agile actors from different organiza-
tions and, thereby, scale development across organizational boundaries,
in order to elaborate and understand their coordination challenges. Our
results indicate that most of the identified challenges are caused by long
communication paths and a lack of established processes to facilitate
these paths. As a result, the participants in our study, among others,
experience insufficient responsivity, insufficient communication of prior-
itizations and deliverables, and alterations or loss of information. As a
consequence, agile practices need to be extended to fit the identified
needs.

Keywords: Large-scale agile software development ·
Inter-team coordination · Software ecosystems

1 Introduction

Agile practices in software development have been around for quite some time
and originally emerged due to the need to adapt faster to changing customer
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requirements [1]. Developing in iterations provides the required flexibility and
enables agile projects to “identify and respond to changes more quickly than a
project using a traditional approach” [1]. With the focus being on “individuals
and interactions over processes and tools” [2], preferably through face-to-face
communication, agile practices initially aimed at small, local teams. However,
as agile development became more popular, larger organizations adapted certain
practices as well [3]. As a result, large-scale agile frameworks, such as SAFe [4]
and LeSS [5], were developed to provide guidance to large organizations. The
application of scaled agile methods has already been investigated to a great
extent, e.g. in [3,6–10], and [11]. The focus, however, lies mostly on large-scale
projects or multiteams within one organization. This lead us to the question:
How to scale agile even further, beyond organizational boundaries?

Software ecosystems can be defined as “the interaction of a set of actors on
top of a common technological platform that results in a number of software
solutions or services. [...]” [12]. Opening up a platform to external developers
enables platform operators to expand their offerings and provide further func-
tionalities that they would not have been able to develop themselves, thereby
providing more value to the customer but at the same time requiring additional
coordination efforts [13,14].

In large-scale distributed, agile teams, inter-team coordination has previously
been identified as a major challenge [8]. As large-scale software ecosystems differ
from traditional organizations in various ways, these challenges cannot directly
be adopted. For one, each actor within the ecosystem has its own way of work-
ing that can hardly be standardized [13]. This results in many different practices
applied across the ecosystem and, therefore, many different degrees of agility
which can be difficult to align. Moreover, the actors do not belong to a sin-
gle but instead to many different organizations which share different, possibly
competing, relationships. For this reason, the actors do often neither share the
same goals nor communicate in a fully open way. This makes the inter-team
coordination even more difficult.

To our knowledge, the challenges of inter-team coordination beyond orga-
nizational boundaries are not yet sufficiently investigated in existing literature.
For that reason, we raise the following research questions:

(a) How do agile teams within software ecosystems coordinate their efforts?
(b) Which inter-team coordination challenges do agile teams within software

ecosystems face?

In order to achieve this, we conducted a case study within two large, industrial
software ecosystems to investigate their processes and inter-team coordination.
We elaborate the results along three dimensions that constitute the framing for
our findings: (a) maturity of the ecosystem (b) phases within the agile lifecycle (c)
openness/closedness of the ecosystem. We use this framing to map the conflicting
interests between actors as well as the resulting challenges and implications to
the dimensions. Therefore, the contribution of this paper is to unfold why certain
conflicts arise in a particular situation or setting in order to increase awareness of
other actors’ mindsets, and to help practitioners understand certain challenges
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and possible trade-offs they, thereby, might be facing. Moreover, we were able
to tie most of the challenges back to long communication paths and a lack of
established processes, raising the need to extend existing agile practices.

The remainder of this paper is organized as follows: First, we explain the
characteristics of software ecosystems in Sect. 2, followed by our case study design
in Sect. 3. In Sect. 4 we present the results of our study, before providing an
overview of related work in Sect. 5, and summing up and concluding our work
in Sect. 6.

2 Characteristics of Software Ecosystems

One of the major differences between distributed teams in traditional organiza-
tions and software ecosystems is the fact that the teams or actors are not within
the same company or organization but instead spread across several organiza-
tions, whereby each actor contributes different elements to the system or product.
This entails various types of relationships between actors within an ecosystem.
For instance, the actors can be competitors or share mutual benefits [12]. The
complexity of relationships and dependencies increases with the number of par-
ties involved in the ecosystem [13]. Moreover, the number of actors and their
possibly competing relationships results in a lack of sharing data which has pre-
viously been observed in large organizations [15].

Even though iterative requirements engineering processes provide an
increased flexibility and are already widely applied in software ecosystems, fur-
ther challenges arise due to the ecosystem’s various actors, the physical dis-
tance between them, and the complexity of dependencies within the ecosystem,
which impede a common understanding among and alignment between actors
[16–18]. For one, the interpretation and prioritization of requirements can differ
highly between ecosystem actors because different stakeholders value different
attributes when dealing with a requirement. Every partner contributes require-
ments to the ecosystem which might result in a requirement overload, causing
complications in the prioritization process [19]. Additionally, the negotiation
process of requirements is highly influenced by the amount of power and depen-
dencies between actors [18]. An adequate understanding of the other actors’ goals
and business models is required in the requirements engineering process in order
to satisfy existing stakeholders and attract new partners.

In this paper we analyze how the described characteristics and challenges
manifest in the inter-team coordination of agile teams within software ecosys-
tems.

3 Case Study Design

Case studies are a well-known research methodology to investigate and under-
stand contemporary phenomena in their real-world context with no or little
control by the researcher [20,21]. As our research questions aim at answering
exploratory questions, we believe that this is the right methodology for our
study, following the guidelines by Runeson and Höst [20].
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Case Study Design. The research objective of our study was to investigate
the inter-team coordination and its accompanying challenges across organization
boundaries. Specifically, our study focuses on how teams in distributed organi-
zations communicate with each other, what kind of information, feedback or
data they share, how it is shared, and how they are making and communicating
decisions that affect any of the other teams. To achieve this, we performed this
case study in two large software ecosystems, Ecosystem A and Ecosystem B,
which are established in the industrial and the healthcare domain, respectively.
Each ecosystem originated in a large, industrial company and offers several ser-
vices, mostly in terms of applications, to the companies’ customers. In order to
expand their offerings, they opened up their platform to internal as well as exter-
nal partners developing applications on the platforms. Figure 1 gives an overview
of the ecosystems’ structures and actors. We chose the respective ecosystems for
our study since the keystone as well as the partners work in agile teams and
experience difficulties in their coordination.

Fig. 1. Actors in ecosystems

Table 1. Description of ecosystems

Ecosystem A B

# of platform devs 500–750 50–100

# of internal partners 20–50 5–10

# of external partners 100–200 5–10

# of apps 20–50 10–20

Interviewees keystone DM PO PM

Interviewees partner SA PO I PO II PO III

Data Collection and Analysis. We conducted semi-structured interviews
with key stakeholders within the two ecosystems. Four product owners (PO), one
product manager (PM), one demand manager (DM), and one software architect
(SA) participated in the study. The demand manager is responsible for collecting
and structuring requests from partners and customers before forwarding them
to appropriate platform teams. Each of our interviewees belongs to a different,
individual agile team within the respective ecosystem and was chosen as a key
stakeholder to represents the views of their entire team. Moreover, all inter-
viewees belonged to either the keystone who develops the platform (PM, DM,
and one PO) or to a complementing player (three POs, SA) of an ecosystem,
therefore providing views from both angles. One product owner, the demand
manager, and the software architect belonged to Ecosystem A and the product
manager and three of the product owners belonged to Ecosystem B (see Table 1
for a structured overview of the ecosystems and our participants).

All interviews included the following topics: communication structures,
exchange of data and feedback with partners and customers, and decision mak-
ing processes; though the interview guides were slightly adjusted to the specific
roles. At the beginning of each interview the participants were given a brief
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introduction into the study and the structure of the respective ecosystem was
shortly discussed in order to create a common understanding. Following this, the
interviewees were asked for their permission to audio tape the interview, before
the interviews were conducted. Each interview lasted between 45 min and one
hour, and was transcribed and summarized afterwards.

Additionally to the interviews we derived further knowledge from two experts
in this field. Both of them have been working in and with multiple ecosystems,
including Ecosystem A and Ecosystem B, for several years, and shared their
experiences in a couple of unstructured interview sessions. They provided addi-
tional insights on how the respective ecosystems are structured from a bird’s-eye
perspective in contrast to the team perspectives. Moreover, we discussed the
findings of our interviews with them in order to support the validity of our
study.

As a result, we achieve triangulation by (a) investigating multiple software
ecosystems (b) interviewing multiple roles within the ecosystems (c) adding
expert knowledge.

4 Results

One major difference between distributed teams in large organizations and teams
within software ecosystems is that the actors within an ecosystem do not belong
to the same company or organization and, therefore, do not necessarily share a
common (business) goal. Since we wanted to understand why certain challenges
occurred, we decided to first investigate the respective (differing) interests on
the keystone’s as well as the partners’ side in order to locate potential sources of
conflicts, before we focused on the analysis of the challenges. Hence, this section
is structured as follows: First, we describe the dimensions used in our frame-
work, followed by the conflicting interests, and concluding with the identified
challenges.

4.1 Influencing Factors

During the analysis of our data we observed that our findings were highly depen-
dent on three different factors: the phases of an agile lifecycle comprise different
tasks that require different communication and coordination processes, and the
maturity as well as the openness of an ecosystem influence the relationships
between actors and, therefore, also the communication. These factors constitute
the main dimensions of the models that include the results of our study, and are
explained in detail in the following sections.

Agile Lifecycle. The common agile lifecycle includes an initial requirements
definition and planning phase, followed by a development phase including inte-
gration and tests, a review and feedback phase, frequent releases, and a repri-
oritization phase before the next iteration begins [22]. Since all our interviewees
work in agile teams, they all go through a similar agile lifecycle, experiencing



194 I. Figalist et al.

different challenges in different phases. As the focus of our study is on coordi-
nation challenges, we neglected the technical phases (development and release)
but rather focused on the planning, prioritization and feedback phase. We asked
each interviewee about the phases they go through and, based on the literature
as well as their answers, we propose the agile lifecycle in Fig. 2 that constitutes
one dimension in our study.

Fig. 2. Agile lifecycle

Maturity. Based on our interviews, we noticed that the maturity of the respec-
tive ecosystems plays a rather important role. Especially the communication
between keystone and partners changes drastically over different phases of matu-
rity. For instance, in the early phases of opening up a platform it is important to
attract new and please existing partners, therefore the focus on communication
is much higher than in later phases when the ecosystem is mature enough to
attract partners automatically because of its success and the benefits for the
partners.

One way to describe the evolution of a technology or an innovation is the
s-curve. It describes the performance of a technology during different maturity
stages from “pregnancy, birth, childhood, adolescence, maturity, and decline”
[23]. Both ecosystems already have products on the market but regarding their
maturity we would classify Ecosystem A as still being in the “birth” phase and
Ecosystem B as being in the “childhood” phase. Specifically, Ecosystem A is
still in the process of opening up their development to external partners while
Ecosystem B is already established but still accelerating. For this reason, we
define the second dimension as the maturity from “opening up” to “acceleration”.

Openness vs. Closedness. Hartman et al. identified two different types of
ecosystems, open and closed [24]. While closed ecosystems are still tightly cou-
pled to and somewhat controlled by the keystone, open ecosystems are easily
accessible for partners and can be characterized by their interchangeability of
components and parties. However, ecosystems are not necessarily one or the
other, they can also be in a hybrid stage [24]. This is relevant for our study since
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the communication and trust across ecosystem partners appears to be different
for the two types. For instance, the actors in closed ecosystems are more inter-
connected than the actors of open ecosystems and, therefore, communicate more
openly and share a higher level of trust. By tendency, Ecosystem A belongs to
the category “open ecosystem” while Ecosystem B incorporates closed as well as
open aspects. This is directly reflected in the characteristics of relationships that
the keystone shares with different types of partners (both external & internal).

Fig. 3. Conflicting interests between different ecosystem actors

4.2 Conflicting Interests

Each ecosystem actor usually follows its own business strategy which can easily
result in different interests that are hard to align and, therefore, cause conflicts
between the actors. In order to analyze which opposing interests might lead to
conflicts, and based on that even challenges, we extracted the interests of the
partners as well as the keystone out of the interviews. Next, we mapped contrary
interests that share a common link from both sides to each other which, therefore,
constitute main drivers and crucial influencing factors for certain conflicts. Since
not all interests and conflicts apply to all ecosystems or to all phases of agile
development, we mapped the conflicting interests to different maturity levels,
phases within an agile lifecycle, and the degree of openness (see Fig. 3). A more
detailed description of the conflicts, interests of the platform and partners, and
other influencing factors can be found in Table 2. All of the described results
were derived out of the interview sessions of our case study. Overall, we identified
nine conflicts that were caused by opposing interests on the partners’ and the
keystone’s side. Three of the conflicts originated in the planning phase, four in
the value prioritization phase, and two in the feedback phase.
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Table 2. Description of conflicting interests between keystone and partners and the
influencing factors in different phases

# Conflict Partners’ Interests Keystone’s
Interests

Ph Ma IF

1 Platform functionalities Request specific
partner
functionalities

Provides the
functionality that
brings most value
to the ecosystem

P OP O

2 Communication of
requests

Expect fast & easy
communication
processes

Asks for well
described
requests

P OP& A O

3 Keystone’s control &
partners’ independence
(planning)

Become more
independent

Keep control over
the partners’
customer
interaction

P A C

4 Prioritizations &
different business
strategies

Follow own business
strategy

Ensure the
ecosystem’s
future

VP OP& A -

5 Different power
relations

Want to be
recognized by
keystone

Wants to bind
“important”
partners to
ecosystem

VP OP PR

6 Transparency by the
keystone

Expect transparency
(e.g. delivery
timelines,
commitments)

Wants to stay
flexible/be able
to reprioritize

VP OP O

7 Keystone’s control &
partners’ independence
(prioritization)

Obtain broad
picture over all
customers

Keep control over
the partners’
customer
interaction

VP A C

8 Exchange of data &
required infrastructure

Share customer
feedback/data with
collaborative
partners

Low priority to
provide
infrastructure

F OP& A O

9 Forwarding customer
feedback

Only benefit from
forwarding feedback
if it is directly
connected to the
partner’s
app/service

Needs the
partners to
forward
requirements (if
related to the
keystone) of their
customers

F OP& A O

Phases (Ph): Planning (P), Value Prioritization (VP), Feedback (F)
Maturities (Ma): Opening up (OP), Acceleration (A)
Influencing factors (IF): Openness (O), Closedness (C), Power Relations (PR)
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Fig. 4. Mapping of challenges to different settings

Planning Phase. Conflict #1 concerns the platform functionalities pro-
vided by the keystone and required by the partners. On the one side, the part-
ners require the keystone to provide specific functionalities for their minimum
viable product (MVP) while the keystone receives so many requests that it is
difficult to take all partners into consideration so “[they] need to come to a point
where [they] say what platform value creates the most value to the ecosystem
and that’s not easy because the ecosystem is so broad”. For this reason, the
keystone concentrates its planning efforts on the partners that bring the most
value to the ecosystem.

The next issue (#2) is related to the communication of requests and the
inconsistency of processes. Partners want to communicate their requests in an
easy and fast way, and expect the keystone to respond to their requests, while
the keystone “receive[s] quite small or tiny, tiny described requests” but “would
like to receive more well described requests” from their partners. As there are
no consistent processes available this often leads to misunderstandings of what
the requirement actually is and, therefore, causes displeasure on both sides.

Moreover, the keystone’s control and the partners’ independence (#3)
lead to conflicts, especially in closed ecosystems. While the partners want to be
independent of the keystone in order to being able to optimize individual business
interests, the keystone wants to keep control over the end-customers and the
partners’ interactions with these customers in order to ensure a coherent, overall
business offering.
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Table 3. Description of coordination challenges caused by divergent interests of actors
within the ecosystem
# Challenge Description Ph Ma IF PR
1 Achieve sufficient

request responsivity
P: Keystone not sufficiently reactive
K: Keystone receives too many requests over a lot of different channels
Why: many different communication channels, processes not well estab-
lished yet

P OP O P>K

2 Appropriate com-
munication of topics
& deliverables

P: Lack of transparency & lack of support -> leads to lack of trust
K: Apps formulate high level user stories -> Keystone PM refines it ->
potential misunderstandings
Why: long communication paths, not all PMs have expertise in all areas
-> easy to misunderstand

P OP&A O P>K

3 Obtain a broad pic-
ture of customers
(planning)

P: Partners get restrictions from keystone concerning customer interaction
-> no broad overview on customer’s needs
K: Keystone wants to ensure an appropriate representation of the entire
ecosystem in front of the customer
Why: partners & keystone closely coupled, keystone does not want the
customer to see the product in a non-ready state

P A C K>P

4 Achieve alignment
of roadmaps and
prioritizations

P: Every ecosystem partner has own roadmap and prioritizations do often
not match
K: Challenging to consider all partners & decide what brings most value
to ecosystem
Why: no common business interests in software ecosystems

VP OP&A - -

5 Handling different
power relations

P: Keystone gives preference to certain stakeholders -> neglect ”less im-
portant” partners
Why: Not all partners can be treated the same
K: Partners create pressure in order get their requests preferred -> How
to decide which partner/customer is more important?
Why: Keystone relies on ”powerful” partners in opening up phase

VP OP PR P>K

6 Insufficient commu-
nication of prioriti-
zations

P: Prioritizations are not well communicated
K: Challenge to handle trade-off between pleasing partners and maintain-
ing flexibility
Why: Keystone wants to stay flexible

VP OP O P>K

7 Obtain a broad pic-
ture of customers
(prioritization)

P: Limited communication between customers and partners -> not all
customers included in prioritization process
K: See challenge #3
Why: as a result of #3

VP A C K>P

8 Establish pro-
cesses to collect &
exchange data

Partner & Keystone: No exchange of customer feedback within ecosystem,
no direct Feedback channel / centralized way to store & access feedback
-> information loss, ”one-sided” feedback
Why: off-the-shelf infrastructure can usually not be used, do both part-
ners/keystone benefit by sharing?

F OP&A O -

9 Appropriate com-
munication & avoid-
ance of information
loss/altering

P: Insufficient communication of malfunctions by the keystone
Why: communication channels for incident reporting must be established,
more challenging in ecosystem
K: Limited amount of information & information loss when communicat-
ing across multiple ecosystem partners
Why: Multiple alterations due to long communication paths, feedback
from end-customers communicated via partners

F OP&A O -

Partner challenges (P), Keystone Challenges (K)
Phases (Ph): Planning (P), Value Prioritization (VP), Feedback (F)

Maturities (Ma): Opening up (OP), Acceleration (A)
Influencing factors (IF): Openness (O), Closedness (C), Power Relations (PR)

Power relations (PR): Partner > Keystone (P>K), Keystone > Partner (K>P)

Value Prioritization Phase. Conflict #4 concerns prioritizations and dif-
ferent business strategies. As each partner follows its own business strategy,
the keystone wants to ensure the ecosystem’s future which leads to conflicts in
the prioritization process since the different strategies can be difficult to align.
One interviewee explains that they need to decide “from a platform point of
view, what makes most sense, what is scalable, what is beneficial for a lot of
customers [...] that’s a challenge”.

It is quite natural that some ecosystem partners are more important business
partners to the keystone than others. However, this leads to different power
relations (#5) as the important partners can create more pressure on the key-
stone than the others. Ultimately, the partners expect the keystone to be aware
of them and their needs and to be treated (at least) equally to other partners,
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while the keystone wants to bind its important partners (e.g. defined by the
number of customers, revenue etc.) to the platform.

Moreover, especially during that opening up phase, the ecosystem partners
expect transparency of the keystone, e.g. concerning the prioritization of next
steps, delivery timelines, or commitments. One of the interviewees states that
he “would like to have more transparency how and on what basis decisions are
made [...] because at the moment it’s very non-transparent how [the keystone]
decides what constitutes the biggest value for the overall project”. However, the
keystone avoids giving too detailed commitments and detailed timelines in order
to stay flexible and being able to reprioritize. This leads to conflicting interests
concerning the amount of transparency by the keystone (#6).

Analogously to and building upon conflict #3, the keystone’s control and
the partners independence (#7) create a conflict in the prioritization phase
of closed software ecosystems. The partners would like to base their prioritization
on a broad picture of all their customers while the keystone wants to keep control
over the interaction with customers.

Feedback Phase. The partners would like to receive as much information on
their customers as possible even if the data is collected by another partner.
However, they are disinclined to share their data with competitors within the
ecosystem but would be willing to do so with collaborative partners. On the
other hand, the keystone perceives it as low priority to provide an infrastructure
for sharing data across the ecosystem. This leads to conflicts concerning the
exchange of data and the required infrastructure (#8) to do so.

Lastly, and related to the previous conflict, the handling and forwarding
of customer feedback (#9) concerning other partners or the keystone also
constitutes certain challenges since the partners only benefit from forwarding
feedback if it is directly connected to the partners’ apps or services. However,
the keystone relies on the partners to forward platform-related requirements of
their customers to them. Additionally, one interviewee explains that “feedback
from customer visits are a tricky thing because the POs are going to the visits and
we have a process described on how to feed back the feedback to the organization
and also to me but that is still a little bit... some use it, some don’t and some
you have to chase to get their feedback for their customer” which is why they
“need to turn that into a more automated, also tool-automated, process flow”.

4.3 Challenges

Based on the previously extracted conflicting interests, all ecosystem related
challenges faced by either the keystone or the partners were extracted out of the
interviews. For each challenge we identified the following properties: The ecosys-
tem’s maturity, the phase within the agile lifecycle, other influencing factors, and
causes for the respective challenge. Table 3 shows an overview of the detected
challenges. In a next step, we mapped the challenges into a multi-dimensional
model (see Fig. 4). The two main dimensions are the phases within the agile life-
cycle (planning, value prioritization, and feedback) and the degree of maturity
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of the ecosystems. We added an extra dimension, the openness of the ecosystem,
to each of the phases of the agile lifecycle because we identified challenges within
these phases that were also strongly influenced by this factor. We identified two
types of partners: partners that are closely coupled to or guided by the keystone
and partners that are only loosely coupled to the keystone. Challenges between
actors may be effective only in one or in both directions (arrows with one vs.
two heads in Fig. 4). The power balance can be even or be dominated by one
actor (indicated by a square or by triangles respectively).

Planning Phase. The first challenge results out of conflict #1 concerning the
development of basis or new platform functionalities. The partners sometimes
feel like the keystone is not sufficiently responsive and takes too long to deliver
needed functionalities while the keystone receives too many requests over a lot of
different channels which makes it difficult to respond to or handle the requests
in a decent amount of time, as one interviewee explains “we keep on getting
requests from everywhere [...] not everything can be taken up at the same time”.
The challenge is to achieve the right request responsivity (#1). Among
others, this is caused by missing or not well established processes to handle such
requests which, again, leads to many different communication channels.

Furthermore, both cases in our study perceived an appropriate commu-
nication of topics and deliverables (#2) between platform and partners as
quite difficult as a result to conflict #2. The partners reveal that they would
appreciate more transparency on the keystone’s side in order to get a clear pic-
ture of what is possible to achieve. If this is not well communicated, this lack
of transparency easily leads to a lack of trust. On the other hand, the keystone
explains that they mostly receive high level user stories from their partners which
have a high potential for being misinterpreted by the product manager who has
to refine the user stories. Possible causes for this challenge are long communi-
cation paths across multiple stakeholders often implying information loss, and
the fact that it is impossible for product managers to have expertise in all of
the partners’ areas which easily leads to misunderstandings, especially since the
partner offering are “operating in a very specific domain which makes it difficult
for most people to understand the topics”.

Another challenge, closely coupled to closed ecosystems and related to con-
flict #3, is to obtain a broad picture of the end-customers (#3) due to
keystone guidelines. In case partners and the keystone are very tightly coupled,
partners who talk to customers are perceived as representatives of the entire
ecosystem. For this reason, the platform wants to ensure an congruent repre-
sentation of the ecosystem in front of the customers. In the particular case, the
keystone has collaboration agreements with certain customers and the partners
get instructions which partners they should talk to. However, this keeps the
partners from getting a broad overview over all customers.

Value Prioritization Phase. As a result to conflict #4, it is challenging to
achieve alignment of roadmaps and prioritizations (#4) as the actors
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within an ecosystem simply do not share a common business interest. This makes
it difficult for the keystone to consider all partners and decide what brings the
most value to the ecosystem. One of the partners states that “it is challenging
because the keystone has its own roadmap, its own prioritizations and this can
cause conflicts if the priorities or values do not match”.

Quite the contrary to the previous challenge and related to conflict #5, this
challenge addresses the difficulty of handling different power relations (#5)
within the ecosystem. The partners feel like the keystone gives preferences to
certain “important” customers and neglects the “less important” customers.
One interviewee explains that he feels like “it depends on which partner has the
greatest business potential”. However, the keystone is simply not able to treat all
partners with the same amount of attention because “[the partners] are always
creating pressure” in order to get their requests preferred which naturally leads
to the questions how to decide which partners are more important.

Conflict #6 concerning the amount of transparency by the keystone leads
to an insufficient communication of prioritizations (#6), e.g. concerning
the keystone’s next steps, which causes displeasure on the partners’ side. At the
same time, the keystone faces the challenge how to handle the trade-off between
pleasing partners and maintaining its flexibility.

As a result of challenge #3 and related to conflict #7, we observed that
– due to the divergent viewpoints concerning the partners independence and
the keystone’s control – the partners face the challenge of obtaining a broad
picture over all their customers (#7). The reason is that they are unable to
include all their customers in their prioritization process due to the keystone’s
limitations concerning the customer communication. One of the interviewees
even states that “It would be much better to run more statistics because I don’t
feel like this is a comprehensive picture”.

Feedback Phase. Some of the interviewees reported on their interest in collect-
ing and sharing customer data with certain collaborative stakeholders (conflict
#8), however, so far there exist no established processes for software ecosystems
to do so. The interviewees explain that they “would rather have direct feedback
channels” or “centralized ways to store and access feedback” because off-the-
shelf infrastructure can usually not be used for such kind of data sharing since
fine-grained access to the data is not easy to control and legal or privacy issues
need to be addressed. As a result, this leads to information loss and one-sided
feedback. Therefore, the challenge is to establish processes to collect and
exchange data (#8).

Lastly, both of our cases perceive the communication across stakeholders as
insufficient and are under the impression that a lot of information gets altered
or lost due to the (mis-)communication across multiple partners. This results in
the challenge of an appropriate communication and avoidance of infor-
mation loss and altering (#9). One of the interviewees revealed that the
keystone does not immediately communicate malfunctioning platform features
that the partners’ features rely on to them because high priority communica-
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tion channels for incident reporting in software ecosystems would need to be
established first. On the other hand, the keystone suffers from limited amount of
customer feedback and information loss since the chances for alterations are very
high due to the long communication paths. One interviewee reports that “the
more people you involve in between the more information gets lost”. Moreover,
the feedback from end-customers concerning platform features are often commu-
nicated via the partners. Especially in open ecosystems the keystone often does
not have direct customer contact. This makes it challenging for the keystone to
receive information on and to understand the real customer’s needs.

5 Related Work

Previous research suggests that the application of agile practices is more difficult
in large projects or organizations than in small teams [25]. As an organization
grows it becomes challenging to keep an overview of all projects and groups
within one organization [26]. Additionally, if the activities between them are not
well communicated, it is hard to keep track of the existing dependencies. These
factors often result in coordination challenges and additional coordination efforts
[9,27]. For instance, an overarching figure or role, as well as appropriate meth-
ods, are required to coordinate the teams and address team-crossing challenges
[11]. However, inter-team coordination in software ecosystems rises additional
complications as the teams are distributed over several organizations who rarely
share common goals or strategies nor a centralized control figure who coordinates
them.

Moreover, it has been observed that an increased autonomy enabled by agile
practices causes individual teams within a mutual organization to prioritize their
own goals over the larger context [27]. Knowledge regarding the system is spread
across the distributed teams and processes to share that knowledge need to be
established [28,29]. Additionally, a global distribution of teams leads, among
other challenges, to “reduced feelings of proximity when telecommunication is
necessary, and difficulty in arranging frequent meetings due to time zone differ-
ences” [27].

Previous studies by Dingsøyr et al. [6] and Stettina et al. [30] indicate that
most issues identified in agile large-scale software projects are related to pro-
cesses as well as the people and their relationships. We observed quite similar
results in our case study. Nevertheless, our results differ from the challenges of
distributed agile teams in the way that the interactions between teams of a sin-
gle organization are quite different to the interactions across organizations. In
the latter case, single parties do not necessarily share a mutual larger context or
even a common business interest which also impedes the sharing of knowledge.
Moreover, the individual teams do neither apply or utilize unified processes nor
can they be forced to do so since a central control figure does not exist in this
context.

In order to improve the lack of visibility in large-scale projects, methods and
solutions such as agile portfolio management, reporting or inter-team retrospec-
tives have been introduced to connect the business strategy and the respective



Coordination Challenges in Software Ecosystems 203

teams, to get an overview of all initiatives within a portfolio, and to address
inter-team coordination challenges [6,10]. However, it has not been investigated
yet how such practices could be applied across organizational boundaries. For
instance, some actors can be reluctant to share their reports with certain other
actors. Therefore, practices or guidelines would need to be established to coor-
dinate the distribution of reports or to enable inter-organization retrospectives.

The complexity of (inter-)team coordination tends to increase with the size
of the project and the number of teams involved (e.g. in multiteam systems). A
shared mental model (e.g. concerning the work process, tasks, or awareness of
who knows what), closed-loop communication, and trust are considered mech-
anisms that facilitate the coordination of multiple teams. Bjørnson et al. [7]
investigated the practices that can be applied in order to implement these mech-
anisms. They identified, among others, formal as well as informal communication
channels, specialized roles that rotate between teams, stand-up meetings, mini
demos, and discussions in an open workspace as helpful tools to implement the
mechanisms. In their case study, all teams are located in the same office and
many of the proposed practices rely on the co-location of the teams, or at least
on a shared common business interest and willingness to exchange information.
These characteristics can usually not be observed in software ecosystems which
makes it challenging to adapt these practices and mechanisms in this context.

Scheerer et al. [31] investigated different types of coordination strategies for
multiteam systems. Each of their strategy types comprises three coordination
types – mechanic (e.g. plans, rules), organic (e.g. mutual adjustment, feedback),
and cognitive (e.g. cognitive similarity configurations) – that are applied to differ-
ent kinds of extents, e.g. low, medium, or high. This work specifically focuses on
multiteams that work on the same software product and while each team works
toward an individual goal, they still share, at least to some extent, a mutual col-
lective goal [31]. Rolling out a unified coordination strategy ecosystem-wide is
very difficult to enforce since it would affect teams across several organizations,
each of them pursuing their own goals and applying their own practices, without
sharing a central control figure.

6 Conclusion

The research objective of our study was to elaborate the arising coordination
challenges of agile teams within software ecosystems. Our findings indicate that
many of the identified coordination challenges are either directly or indirectly
related to long communication paths and a lack of well established communi-
cation processes, especially if information needs to be shared with other actors
across organization boundaries. In contrast to distributed teams within one com-
pany, this is additionally challenging because of the varying, sometimes even
competitive, relationships that influence the communication and the way data is
forwarded or shared. For one, our participants perceived the responsivity as very
slow and insufficient. Moreover, the deficient communication structures cause a
lack of awareness and understanding of topics, deliverables and timelines between
the keystone and its partners. The keystone is rather cautious when it comes to
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revealing its prioritizations and plans for the future which causes frustration on
the partners’ side. In addition to that, our results imply that on many occasions
information gets lost or altered due to the multiple hops it has to pass. Our
research provides evidence that there is a need to adapt or develop agile pro-
cesses to facilitate and enable across-organization communication, coordination,
and exchange of data.

Therefore, future work could be dedicated to solving the identified challenges
and to investigate how agile practices would need to be adapted in order to fit
across-organizational needs.
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Abstract. Austerity and financial constraints have been threatening the public
sector in the UK for a number of years. Foreseeing the threat of continued
budget cuts, and addressing the situation many local councils face, requires
internal transformations for financial stability without losing the key focus on
public service. Agile transformations have been undertaken by organisations
wanting to learn from the software development community and bringing agile
principles into the wider organisation. This paper describes and analyses an
ongoing behaviour-led transformation in a district council in the UK. It presents
the results of the analysis of 19 interviews with internal stakeholders at the
council, of observations of meetings among senior and middle management in a
five-month period. The paper explores the successes and the challenges
encountered towards the end of the transformation process and reflects on
balancing acts to address the challenges, between: disruption and business as
usual, empowerment and goal setting, autonomy and processes and procedures,
and behaviours and skills. Based on our findings, we suggest that behaviours on
their own cannot guarantee a sustained agile culture, and that this is equally
important for enterprise agility and for large-scale agile software development
transformations.

Keywords: Agile transformation � Enterprise agility �
Successes and challenges

1 Introduction

Agile approaches have reached a level of acceptance that has led many organisations to
promote them to ever wider contexts than those initially envisioned of small projects
and teams [1, 2]. Large-scale agile development is one such context, but agile is also
being promoted outside the context of software development. Organisations are
adopting agile principles outside of IT, hoping to cope with rapidly changing envi-
ronments, and increase their capabilities for delivery and customer satisfaction; making
organisations more agile is not always driven by the need to cope with agile software
development at scale. Although there is no single agreed definition of business,
organisational or enterprise agility [3] it is seen as a set of desirable qualities that
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demand a transformation affecting the whole organisation. Such transformations are
hard as they require a multi-disciplinary approach, and need to balance maintaining
business-as-usual with significant and disruptive change. Approaches to achieve
enterprise agility through business transformation [3] can be grouped into three cate-
gories: scaled-framework-driven (operational agility), business-driven (strategic ori-
entation) and sustainable agility (cultural orientation). Scaled-framework-driven
approaches include frameworks that have been used in software development envi-
ronments to support large scale projects [1], e.g. DSDM, AgilePM, SAFe, LeSS; they
address operational aspects to help with improving flow, value creation activities and
delivery cycles. Business-driven approaches take a strategic view of agility considering
how the business model can become more agile [4]. Sustainable agility [5] approaches
take the view that the organisation culture is key in supporting the long-term objectives
of a transformation. Approaches in this category view culture as the main focus of the
transformation, with people’s behaviours and values being central to its success and
sustainability.

This paper explores the transformation of a local district council, in the UK. It was
the first council to follow a behaviour-led approach focusing on cultural orientation,
making it a unique case study for enterprise agility. Interviews were conducted with
internal stakeholders and meetings were observed over a five month period. The
council wanted to have an external view on how they were performing and how far
they had travelled in their journey to be a more agile organisation; they also believed
that understanding and changing organisational culture was an essential part of their
transformation. The two research questions addressed were: RQ1: What successes and
challenges are identified towards the end of a behaviour-led transformation to become
an agile organisation? and RQ2: What improvements suggested in the literature are
applicable in this context?

This work contributes to the growing area of enterprise agility when agile principles
are applied in non-software development areas and organisations.

This paper is structured as follows: Sect. 2 introduces related work; Sect. 3
describes the method followed; Sect. 4 gives the context for the case study; the findings
about the transformation are presented in Sect. 5, followed by discussion and con-
clusions in Sects. 6 and 7.

2 Related Work: Transformation Towards Enterprise Agility

Within the software agile community, there is a growing body of research into large-
scale agile transformations and impact on the wider organisation [1, 2, 6, 7]. While the
focus of this work is on transformations triggered by scaling agile software develop-
ment, many of the challenges identified are not specific to software development; for
example, change resistance, lack of investment, coordination challenges or hierarchical
management and organisational boundaries [1].

Success factors in these transformations, are also mostly not software development
specific as shown in the following categories [1]: management support, commitment to
change, leadership, choosing and customising the agile approach, piloting, training and
coaching, engaging people, communication and transparency, mindset and alignment,
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team autonomy and requirements management. While some of these categories are
software-specific (e.g. choosing and customising the agile approach, piloting, training
and coaching and requirements management) the others are not. Challenges [2] have
also been identified that are software-specific (method, technology and ability-related)
and non-software specific such as organisation, culture and motivation-related. Among
the 11 categories of challenges identified by Uludag et al. [7] we also find two non-
software specific categories: Culture & Mindset and Communication & Coordination.
The former being about change, management buy-in and trust, and the latter about inter
and intra-team communication in agile development teams and communication gaps
with stakeholders.

Apart from scaling agile software development, enterprise, or business agility [8, 9]
has become a desirable outcome for many organisations trying to survive in a con-
tinuously changing and competitive environment. It is the ability to adapt to change
and continuously improve [10] that makes an enterprise agile. In a transformation
process to achieve agility, organisations strive to develop capabilities to become
adaptable and to develop a culture that will sustain the transformation in the long term.
Teece [11] defends the need for dynamic capabilities to adapt to, and change in order to
respond to a volatile environment. Dynamic capabilities are: sensing, i.e. identifying,
developing and assessing opportunities and threats in relation to users’ needs, using all
available data to identify coherent patterns and imaginatively creating hypotheses about
the future; seizing, i.e. mobilising resources to address needs and opportunities for
which internal structures are needed to support flexibility and slack; and,
transforming/shifting, i.e. continued renewal, for which organisations need to be very
good at learning how to do new things [12].

It is not easy to establish a causal relationship between culture change and the
development of these capabilities; however, it is recognised that an agile mindset needs
to be promoted to sustain success over time [5], and that the organisational culture
needs to be transformed to support the engagement of every person contributing to the
work of the organisation [5, 13]. Carvalho et al. [5] propose an integration between
organisational agility, organisational excellence, and organisational culture leading to
sustainable organisational excellence and promoting adaptability. They highlight that
the failure of many excellence programmes in organisations is due to neglect of how to
sustain them in the long term. This continuous push for sustainability requires that:

“(1) senior leadership must be united in driving excellence, (2) the organisation, in a
holistic perspective, must be committed and engaged, (3) the organisation strategy must
be clear, defined and communicated, (4) the organisation must have process improve-
ment ongoing activities together with self-assessment and (5) the use of information and
data analysis must be a daily practice of the organisation.” [10 cited in 5].

The role of senior leadership to achieve strategic agility is also addressed by Doz
and Kosonen [4]; they propose an agenda constructed with a set of actions in three
areas: strategic sensitivity, leadership unity, and resource fluidity. Increased sensitivity
to internal and external environments, achieving true engagement and commitment of
all, and making the required ingredients available will help foster a successful
transformation.
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There is a gap in the literature between research coming from a software devel-
opment background and that coming from a business context. More cross-disciplinary
learning is required between these domains. The work presented in this paper con-
tributes to address this gap.

3 Method

We conducted a qualitative single-case case study [15, 16] to follow part of the journey
for a local council that was undergoing a comprehensive transformation programme.
We identified their successes and challenges, answering RQ1, and provided feedback
to the council for continuous improvements, simultaneously addressing RQ2.

Data collection consisted of semi-structured interviews, meeting observations and
studying official documents. Ethical permission was received from the University to
conduct the study, and all participants consented to take part after reading an infor-
mation leaflet. Data collection was conducted between January and May 2018. During
this five-month period the research team observed and took notes of regular weekly
meetings of the assistant directors, and carried out 19 interviews with employees in
senior management roles. Of the people interviewed most had been employed at the
Council throughout the transformation with only two participants having been recruited
as a result of it. Each interview lasted around half an hour and was conducted by at
least one of the first two authors plus the acknowledged researcher. All interviewees
were asked about: their views of the transformation journey so far, the successes and
challenges of the transformation and what they considered the next steps.

An inductive thematic analysis was undertaken to identify the main themes for the
successes, challenges, and steps ahead [17]. The thematic analysis was carried out
independently by two researchers, using the interview data and meeting notes, with the
final analysis resulting from a comparison between both lists of themes. This final list
was then discussed by the wider team. Literature on organisational culture and agility
(such as that in Sect. 2) was used to help identify and structure potential areas of
improvement highlighted through the empirical work. We also identified recommen-
dations from this literature for the organisation to consider in their own context and
decide whether and how to apply them.

For a more in-depth analysis focusing on the organisation’s culture, we used the
Agile Business Consortium’s (ABC) Culture Development Matrix [18] (Fig. 1). The
full matrix has seven elements, but we used six in our analysis because the Innovation
& Learning element (omitted in Fig. 1) was not covered through the interviews.

Organisations can be assessed at 5 different levels (surviving, stabilising, secure,
thriving and transformational) for each of the elements. Figure 1 shows the elements
across the top row of the table, with the levels listed in the first column of the table. By
mapping an organisation’s behaviours against the relative development level in each
element, a snapshot of readiness for transformation emerges, which can indicate a
starting point for improvement.
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4 Case Study

The council covers an area just outside greater London; it serves around 180 k resi-
dents, is the second largest district council (in the UK) and a major area for growth. The
services provided by this council are: household recycling and waste collection, local
planning and building regulations, housing advice, licensing (e.g. alcohol and enter-
tainment, animal related, gambling, market stalls, sex establishments, taxis, etc.),
environmental problems, benefits, council tax collections, community safety, public car
parks and parks and community centres.

For the last decade this council has undertaken a top-down internal transformation,
inspired by Simon Sinek’s Start with Why [19]. Senior management had sensed the
external environment and realised the need to achieve financial stability, given the
threats to government grants for local authorities, while at the same time to continue to
deliver improved services to their customers. It was a long transformation process that
proceeded in stages and on different strands: commercially minded, community
focused, customer and innovation, and financially fit.

The aim of this transformation was to achieve ‘world-class support for those who
need it’ being ‘the best place to work in the area with the best people’. It began in 2008
and had a number of milestones; trade unions were involved throughout. In 2008 the
change programme was introduced by senior management to set managers on the road
to cultural change; in 2010 this was one of the first councils to adopt a Cloud IT
strategy; from 2011 onwards the total removal of the government grant by 2020 was
foreseen and the need to change became a priority; in 2012 a new business model was
deployed to explore opportunities in the market place; an ideas hub for the change
process was created in 2013; and in 2014 the vision for moving into an income
generating entrepreneurial culture took shape. In 2015 a new website was developed
around residents’ desires and needs with the digitalisation of services. In 2016, a new
organisational structure was created.

Central to the transformation plan was a desire for all staff employed by the council
to exhibit commercially-minded behaviours, and this underpinned the more practical
milestones mentioned above. Most existing staff (320, excluding the CEO and 2
directors) went through a behavioural assessment exercise in the process of applying
for jobs at the council – either in their original roles, or in new ones. The aim was for all
staff employed by the council to adhere to the specified behaviours, rather than to
change the behaviour of existing staff. Staff could apply for any job at any level, and
some ended up being promoted several levels. As a result, around 70 people left the
organisation (some through early retirement) and 100 new people were recruited. This
behaviour-led programme resulted in a commercially-minded restructuring of the
whole council based on the five behaviours shown in Figs. 2 and 3; big saving targets
were also put in place. As a public service entity, the council cannot make a profit, so
any surplus from commercial ventures must feed back into better service delivery.
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This transformation focused on ‘commercial’ behaviours, but these behaviours map
directly to the organisational culture factors that correlate with agile method usage
described in Strode et al. [20]. These factors include, for example: ‘the organization is
results oriented’, and ‘the organization enables empowerment of people’. Only Cus-
tomer Focus & Insight does not appear in Strode et al.’s list but it equates to ‘customer
collaboration over contract negotiation’ in the Agile Manifesto [21]. So although
employees at the council rarely spoke of an agile transformation, their goal was an
agile organisation.

To sustain these behaviours, as well as the actions described above, the council
implemented a new business model with a more commercial approach, reviewed every

Fig. 2. The Council’s Behaviour Framework (© Aylesbury Vale District Council 2017)

Fig. 3. Commercial Behaviours (© Aylesbury Vale District Council 2017)
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service, introduced charges for some non-essential services, and introduced new
chargeable services.

5 A Transformation Towards Business Agility

5.1 Findings from the Thematic Analysis

Thematic analysis of the interviews, with meetings and documents as context, was used
to answer RQ1: What successes and challenges are identified towards the end of a
behaviour-led transformation to become an agile organisation?We found evidence for
many positive elements of an agile culture as in Table 1; namely, that the organisation
is results oriented, the management style is supportive and collaborative, the organi-
sation values feedback and learning, social interaction in the organisation is trustful,
collaborative, and competent, the organisation enables empowerment of people, and
the leadership in the organisation is entrepreneurial, innovative, and risk taking [20].

Table 1. Successes

Themes Quotations

A clear and inspiring
purpose focusing on
results to stakeholders

I think we’ve done something incredible [..] all the money we make
is about delivering customer services.) (our books are balanced
[..] not just for this year, for the next four years [..] a huge amount
of growth coming

Supportive leadership We had to support each other [..] it’s quite an enjoyable
environment to work-in.[..] we’ve got a team doesn’t wait to be
asked to help people, it goes and helps other people when we see
they need it

A feeling of achievement It was monumental, what we did; It’s really good…. Good stuff
came out of it; our books are balanced [..] not just for this year,
for the next four years [..] a huge amount of growth coming

Commitment to
transparency

We try and be very transparent, or as transparent as we can be

Need to be financially
sustainable, not only
commercial

This bit of the organisation makes money and this bit of the
organisation spends money, but that’s ok; increase employment
and deliver bigger benefits (trying to)

Fluid, constantly
changing, iterative

And it did take us about three or four goes to get that messaging
right with staff; you’ve got the same language being spoken across
all of the groups; encourage innovation; while they are here
(young people) how can we learn so much from them as well as
they learning from us

Collective ownership We all cover each other
Restructuring,
consolidating, learning

We’ve learnt a lot about it we definitely need to get through our
lessons learnt; We need to maintain the momentum it’s how do we,
it’s about maintaining that momentum

(continued)
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Analysis of the interviews highlighted challenges that were identified at the time of
the interviews, the five-month period just after the main transformation (see Table 2).

Table 2. Challenges

Recruitment Behaviours vs skills/knowledge – some people who did really
really well in their interviews but when they did the behaviours
they didn’t reach the benchmark, and the external benchmark is
also higher than the internal one which is a bit of a contention

Business as usual (BaU) vs
transformation

A lot of things fell through the cracks [..] we lost a lot of focus on
the BaU delivery, the day to day delivery [..] the fact that we kept
the services going is incredible [..] massive achievement in itself

Loss of knowledge and
experience

That one person had all that knowledge [..] some things fell over
[..] people leave and they have just taken 30 years of knowledge
in their head

Silos There is a definite difference between level 1 and level 2 [..] far
more process driven (on level 1) [..] they probably perceive us as
not doing very much [..] it has only gone worse since we have
been through the review [..] even more siloed

Internal processes and
procedures

[..] there is very much an attitude of get on and do it which I think
is a double-edged sword [..] things are happening but it does
mean that some of the processes and procedures aren’t being
followed or if they aren’t existing processes and procedures
people are creating them in the fly [..] sometimes we do things
without having a solid robust procedure behind it [..] there is a
risk that we started to see things that are happening and [..] we
didn’t even know we were doing that)

Workloads Staff are very overloaded
Leadership vulnerability
and
resilience to change

We have a tendency, to, maybe, over-believe our own hype, and I
think we’ve not been smart at bringing external organisations
along with us [..] a lot of loose ends [..] everybody understanding
what their responsibilities are [..] you’ve got to stop undermining
the pro… [..] you’ve got to support the process [..] corporate
challenging corporate [..] it causes tension [..] we need some
clarity [..] (Associate Directors) they are still forming as a team

(continued)

Table 1. (continued)

Themes Quotations

Strong team, supporting
each other

The team is pretty cohesive and we’ve all had to support each
other … If somebody struggling a little bit and not wanting to
admit it, the rest of the team actually notice and go and give
support; got to know some things about staff you didn’t necessarily
know about them before learning about other colleagues; And
learning all of that sort of stuff together is quite good

Good communication We sit together most of the time, we talk to each other every single
day
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5.2 Findings from the Agile Culture Development Matrix Assessment

The council wanted to achieve a deeper understanding of their culture after its most
significant period of transformation, and to highlight areas that needed attention. We
assessed our findings (Tables 1 and 2) against the Agile Culture Development Matrix
(see Fig. 1). Based on this, the council scored as follows:

• Purpose and Results (Thriving to Transformational)
• Agile Leadership (Secure to Thriving)
• Well-being & Fulfilment (Thriving to Transformational)
• Collaboration & Autonomy (Secure to Thriving)
• Trust & Transparency (Secure to Thriving)
• Adaptability to Change (Secure to Thriving)

We identified, in particular, two areas for improvement towards a more agile
organisation, Collaboration & Autonomy and Adaptability to Change, which are dis-
cussed below. For the former, the data underpinning two challenge themes of ‘Silos’
and ‘Internal processes and procedures’ indicated a lack of collaboration but also
confusion around autonomy. For the latter, the theme of ‘Leadership vulnerability and
resilience to change’ indicated an uncertainty about any changes to the leadership team.
Looking back at the behaviour-led approach undertaken by the transformation (Fig. 3),
the first area relates to Building effective relationships and the second to Innovating and
adapting to change behaviours.

Collaboration and Autonomy
A transformational organisation is characterised by “a network of collaborative teams”
and “authority is distributed with an appropriate level of autonomy” [22]. Our data
indicates that the council does not meet either of these at this time. Although we found
evidence of cohesive teams

Table 2. (continued)

People trauma, survivor
guilt, pockets of
unhappy people,
frustration,
resentment, old
mindset, low
morale

At the lower levels[..] and those more specialist levels [..] for
them [..] a little bit of resentment [..] they were put through this
process [..] at the end of it they are still doing the same job [..]
for them not much has changed. [..] a lot of people shut down
and said thank god it is over

emotional journey,
novel/unique,
support

we’ve never done anything like that before here; it’s been a little
bit of a bruising time the support was huge. And so staff were
given time to absolutely prepare themselves for this
transformation

old mindset there are people [..] who have gone back to what they are
comfortable with [..] [..] people who passed the behaviours and
then they haven’t changed [..] the new framework hasn’t landed
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the team is pretty cohesive and we’ve all had to support each other… If somebody is struggling
a little bit and not wanting to admit it, the rest of the team actually notice and go and give
support; got to know some things about staff you didn’t necessarily know about them before
learning about other colleagues; and learning all of that sort of stuff together is quite good

it is unclear whether there is a network of collaborative teams and a clear under-
standing of responsibilities and priorities. Networked teams need to operate in the
context of everyone working together, but also to an agreed way of working. One of the
challenges raised through the interviews is the misalignment between autonomy for
decision making (empowered teams, get on and do it attitude) and the lack of processes
and procedures, with people creating them on the fly impacting the organisation’s
reputation.

There is a recognition of the need to maintain the momentum and revitalise, while
also consolidating processes and procedures

[..] there is very much an attitude of get on and do it which I think is a double-edged sword [..]
things are happening but it does mean that some of the processes and procedures aren’t being
followed or if they aren’t existing processes and procedures people are creating them in the fly
[..] sometimes we do things without having a solid robust procedure behind it

This also suggests that they didn’t have an appreciation of what it is to be self-
organising, i.e. people went off and made decisions without reference back to (or
independent from) the core (a characteristic of the ‘secure’ assessment)

[..] there is a risk that we started to see things that are happening and [..] we didn’t even know
we were doing that

Adaptability to Change
A transformational organisation is characterised by having a strong core, i.e. a team of
people that provides the stability to support the change [22]. There is definitely an
ability to change as the council has gone through a big transformation and has come out
of it successfully. However, it is too early to judge whether there is a strong core that
can provide stability and flexibility to adapt and change, and internal challenges were
identified (e.g. vulnerability of core team, leadership still forming as a team, …).

the organisation is still very reliant, I think, on the top team being very clear what it is trying to
achieve.

We found examples of innovative approaches but we also found some concerns that
‘the need to deliver today’s results is an inhibitor to bold action’ [22].

6 Discussion

In this section we discuss our findings in the context of the research questions, and
highlight observations about the ‘balancing act’ we perceive.

Enterprise Agility: A Balancing Act - A Local Government Case Study 217



6.1 RQ1: What Successes and Challenges Are Identified Towards
the End of a Behaviour-Led Transformation to Become an Agile
Organisation?

Table 1 provides a list of successes identified by our interviewees. Many of the factors
for a successful transformation, highlighted by Dikert et al. [1], are reflected in those
themes, namely:

• management support – strong team supporting each other (theme in Table 1);
• commitment to change – change was initiated by a very committed leadership in the

council;
• leadership – a supportive leadership (theme in Table 1);
• training and coaching – all staff were well supported in going through the trans-

formation and the behavioural assessments;
• engaging people – collective ownership (theme in Table 1)
• communication and transparency – good communication (theme in Table 1).

While Dikert et al.’s success factors focus on what needs to be in place in order for
the transformation to be successful, our data was collected once the bulk of the
transformation activity had taken place. But when interviewees were asked about
successes of the transformation undergone, most talked not only about where they had
got to, but also about the process itself; even the interviewees who had been recruited at
the end of the significant transformation period were well aware of the process and
referred back to it. Success factors for an agile transformation are also relevant to long-
term sustained agility [5]. Carvalho et al. talk about agility enablers rather than success
factors; enablers characterise agility in an organisation and some of our themes also
appear as enablers, such as their organisational commitment and employee
empowerment.

Some of the successes we encountered do not appear in Dikert et al’s categories, in
particular, the following themes (discarding the ones specific to the context of the case
study): a clear and inspiring purpose focusing on results to stakeholders; a feeling of
achievement; fluid, constantly changing, iterative; and, restructuring, consolidating,
learning. There are naturally differences when looking at agility from the perspective of
software development and from the perspective of the whole organisation. We suggest,
however, that the two perspectives are complementary and that the agile software
community can benefit from understanding the wider perspective of the organisation.
Lenberg et al. [23] stress the importance of organisational values in software compa-
nies, as successful transformations depend on organisation-wide aligned values.

Having undergone such a radical transformation, the local council is at a point
where it can be considered successful as an agile organisation. The survival strategy
adopted by the council was to undergo a behaviour-led transformation to become a
commercially-minded organisation; however, the behaviours chosen are those of an
organisational culture related to agile use [20]. An agile organisation is characterised by
its capability of sensing and responding [4, 11], which was the aim of the council.

We also found challenges in two areas when mapping to the Agile Culture
Development Matrix (Fig. 1), Collaboration & Autonomy and Adaptability to Change.
The challenges encountered are not about the behaviours chosen, but rather about their
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implementation. The first falls within the Building effective relationships behaviour and
the second under Innovating and adapting to change behaviour. Both of these beha-
viours were well accepted by interviewees but for both there were disconnects between
the behaviour and practice; in the former, around the theme of Internal processes and
procedures, and in the latter around the theme Leadership vulnerability and resilience
to change (see Table 2). Only the first of these two themes resonates with a challenge
in large-scale transformations [1]: Autonomous team model challenging. Although this
challenge in Dikert et al. is about software teams it also emerged in the council: the lack
of balance between the autonomy of teams and the broader goals of the organisation.

We concentrated on these two challenge areas as they were the most relevant to the
council to assess and improve where they were, towards an agile culture.

6.2 RQ2: What Improvements Suggested in the Literature Are
Applicable in This Context?

What can be done to implement intended behaviours better and to sustain what has
been achieved? To address the first of the challenge areas, Collaboration & Autonomy,
we drew on established frameworks to make suggestions for the council. Doz and
Kosonen [4] developed a framework for strategic agility with 3 areas: strategic sen-
sitivity, leadership unity, and resource fluidity. Of particular relevance to developing
collaborative communities are actions suggested under leadership unity: dialoguing,
surfacing and sharing assumptions and understanding contexts; and, aligning, rallying
around a common interest. However, a balance needs to be struck between empowering
collaborative communities and setting macro level goals while distributing authority.
The fine tuning of this balance between autonomy and accountability requires the
communities to have a clear strategy and clarity of purpose [24], and boundary con-
ditions and expectations [25]; these help with establishing accountability within defined
limits giving employees the freedom to decide how to achieve objectives.

Another balancing act has to be achieved between how much is left to autonomous
teams and how much is documented in processes and procedures. Agile developers
recognise that documentation is important for some projects, but are selective. Lessons
can be learned from their practice to help achieve an optimal balance [26]; for example,
checking whether and why documentation is needed, and for whom.

Addressing the second challenge area, Adaptability to change, and in particular the
need for a strong core that provides stability, requires a succession plan, and relevant
capabilities to be developed and supported [11, 12].

Sustaining agility is not mentioned as a challenge in large-scale agile transforma-
tions triggered by software development (e.g. [1]), but the need for sustainability is
recognised as a challenge in organisational transformations (e.g. [5]). Further research
is needed to understand why sustainability is not apparently an issue when software
triggers the transformation.
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6.3 The Balancing Act

The behaviour-led transformation undertaken by the council was intended to achieve a
change of culture by only employing people who exhibit certain behaviours. It seems
that this approach had a positive impact for the survival and financial sustainability of
the council. But the challenges in their implementation require a balancing act between
opposing forces:

• disruptive transformation activities while carrying on business as usual;
• empowering collaborative communities (resources) while setting macro level goals

and distributing authority (responsibility) – a three-way balancing act;
• autonomy for decision making while defining and documenting processes and

procedures that need to be followed, e.g. for regulatory reasons; and,
• adopting the desired behaviours while demonstrating the required skills.

We suggest that to achieve a successful transformation to an agile enterprise com-
promises have to be struck between these contradictory forces, with fine tuning actions to
achieve the correct balance. The example of Spotify [25] suggests that to achieve the right
balance between autonomy and accountability requires: a strategy and clarity of purpose,
transparent boundary conditions, and expectations. This framework gives employees
freedom to choose how they achieve objectives within exisiting constraints. But, is
adopting and fine tuning the right behaviours sufficient to sustain a change in culture that
can be sustained?Robinson andSharp [27] discussed the relationship between behaviours
(in their case XP practices) and culture and the difficulties in relating the practices adopted
with the underlying culture. We suggest that achieving a change in culture through
behaviours is not necessarily a guarantee for that change to be sustained. A continuous
process of revisiting behaviours, learning lessons, and adjustment is under way in the
local council and that is supportive of sustainability. But more research is needed to
understand how agility and transformations can be sustained in the long term [28].

7 Limitations

There are limitations in the work presented here. The constraints of how the case study
was conducted only allowed for a partial view of the local council with no access to staff
below middle management. From our analysis, we also did not have enough data to
consider all elements of the Agile Culture Development Matrix; to assess all the areas of
the matrix would have required an organisation-wide consultation. Also, although we
carried out the work after the main period of the transformation, the council has not
stopped and changes have been happening since and will continue to happen.

The threats to validity [29] were addressed as follows: for internal validity, data was
collected by three researchers who also carried out the analysis and discussed the data
with the wider author set; for construct validity, the constructs emerged from the
participants and were not imposed; for reliability, it is quite likely that the same results
would emerge if conducted again with the same questions. As for external validity, the
case study in this paper is a snapshot of a continuous journey; it is difficult to generalise
what we found to other contexts.

220 L. Barroca et al.



8 Conclusions

The literature on large-scale agile transformations has been mainly focusing on soft-
ware development transformations; concerns about the wider organisation are
acknowledged but the assumption is often that these transformations are triggered by
the digitisation of organisations. The case study in this paper presents a different angle:
that of a local council that realises the need for transformation as the only way to
survive and be financially sustainable. This was achieved successfully through ‘com-
mercially’ oriented behaviours. The challenges encountered were about achieving the
right balance in the implementation of these behaviours between: disruption and
business as usual, empowerment and goal setting, autonomy and processes and pro-
cedures, and behaviours and skills. In this case study, behaviour change has led to
evidence of an agile culture but a change in culture through behaviours alone is not
necessarily a guarantee for that change to be sustained [14]. More effort is needed to
achieve an appropriate balance, and work to maintain the behaviours and hence to
sustain the change. These balancing acts were encountered in a transformation towards
business agility, but they also need to be addressed by the agile software community.
The focus on sustaining agility and on an organisation-wide perspective is important to
both enterprise agility and to large scale software development agile transformations.
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Abstract. Artificial intelligence enabled systems have been an
inevitable part of everyday life. However, efficient software engineering
principles and processes need to be considered and extended when devel-
oping AI- enabled systems. The objective of this study is to identify
and classify software engineering challenges that are faced by different
companies when developing software-intensive systems that incorporate
machine learning components. Using case study approach, we explored
the development of machine learning systems from six different com-
panies across various domains and identified main software engineering
challenges. The challenges are mapped into a proposed taxonomy that
depicts the evolution of use of ML components in software-intensive sys-
tem in industrial settings. Our study provides insights to software engi-
neering community and research to guide discussions and future research
into applied machine learning.

Keywords: Artificial intelligence · Machine learning ·
Software engineering · Challenges

1 Introduction

Artificial intelligence (AI) has gained much attention in recent years. Software-
intensive companies, such as Facebook [5], are increasingly employing machine
learning techniques in development of intelligent applications. Machine learning
(ML), as a rapidly developing branch of AI, provides the companies with key
capabilities for improving and accelerating innovation in their offerings based on
operational system data. The application areas of ML to real-world problems
are vast and range from large use in recommendation systems of social [9] and e-
commerce [10] services, to highly regulated products, such as autonomous vehicle
prototypes. The development of AI-enabled applications in real-world settings is
c© The Author(s) 2019
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non-trivial and the development process differs from that of traditional software.
At present, there is a growing interest and need to understand how AI-enabled
applications are developed, deployed and maintained over-time in real world
commercial settings.

It is observed that three distinct approaches, namely requirements-driven,
out-come driven and AI-driven, are used to create software [3]. AI-driven app-
roach in operational commercial software is the least covered approach in lit-
erature. The development process of AI-enabled applications that employ ML
techniques, including its subset deep learning (DL), involve creation of ML mod-
els based on data. When creating ML models, typically several experiments are
conducted prior to selecting the final ML model. During ML model creation,
learning algorithms are applied to a dataset to train and evaluate the accu-
racy and performance of created ML models. Although in academia much focus
is given to theoretical breakthroughs of learning algorithms, empirical studies
show that they constitute only a small part of the operational ML system [20].
As a consequence, several challenges are encountered in practice during devel-
opment and maintenance of ML systems [6]. To address the problem, emerging
evidence highlights the need to take into consideration and extend established
software engineering (SE) principles, approaches and tools in development of ML
systems [11,19].

The main objective of this study is to identify and classify engineering chal-
lenges for developing and deploying ML systems in real world commercial set-
tings. Using a multiple-case study approach, we explore the development of seven
ML components of commercial software-intensive systems. The main contribu-
tions of the paper are threefold. First, the paper provides a description of the
development process of six AI-enabled applications across various domains. Sec-
ond, it presents a taxonomy to depict evolution in the use of ML components
in commercial software-intensive systems. Third, using the taxonomy a classifi-
cation of most important challenges at each stage of the evolution in the use of
ML components in software-intensive systems is presented.

2 Background and Related Work

The research area of this study is applied ML, wherein the focus is to create
verifiable knowledge pertaining to the design of software systems that incorpo-
rate ML techniques [14]. In our study, the considered software systems not only
incorporate ML techniques to real world problems but are in operational use
in commercial settings. This is in contrast to application of ML techniques to
activities of software development process in field of SE [23], such as fault pre-
diction and localization in software testing, which also gives numerous benefits
in practice [16].

There exists empirical studies [6] and experience reports [7,15,19,21] pub-
lished across different disciplines that present an end-to-end development process
and challenges of operational AI-enabled applications. In a field study of how
intelligent systems are developed, Hill et al. [6] describe a high-level process
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that includes the following activities that are not necessarily sequential: defining
problem, collecting data, establishing ground truth, selecting algorithm, selecting
features and creating and evaluating ML model. Most of the challenges identi-
fied by the authors [6] at each activity of the ML process as well as cross-cutting
issues are reported in other empirical reports [1,19]. For instance, the use of infor-
mal methods to manage dataset and common artifacts (trained models, feature
sets, training jobs) during ML model selection experiments is a challenge that
is commonly observed and presents difficulties to quickly reproduce and com-
pare different experiments [18]. In addition to using agile approach for quick
iterations [19], among the solutions proposed include using versioning in ML
pipelines [22] and automating tracking of metadata and provenance information
of the common artifacts [18]. However, some challenges are yet to be addressed,
such as tracking provenance of complex final model that combines variety of mod-
els trained on different dataset [18] and data generated and processed through
highly-heterogeneous infrastructure [13]. Concerning ML infrastructure several
challenges are encountered, such as the ability to train models with large data
volumes [5].

Using technical debt metaphor of SE, Sculley et al. [20] bring to awareness
the different trade-offs involved, and require careful consideration, when main-
taining ML systems overtime in real-world industrial settings. According to the
authors [20], technical debt in real-world ML systems is attributed to main-
tenance problems of application code and issues specific to ML, such as data
dependencies. ML systems have various sources of variability that need to be
stabilized otherwise they can cause significant differences between ML models
[8]. On the other hand, difficulties in debugging DL systems is currently one of
the challenging topic that is gaining much focus in research [4]. Our study seeks
to provide a taxonomy that can be used to consolidate the different challenges
reported in prior empirical reports.

3 Research Method

For the purpose of this study we conducted an interpretive multiple-case study,
following the guidelines by Runeson and Höst [17], to provide a deeper under-
standing of SE challenges for developing and operating ML systems in real-world
commercial settings. The overall research design and process is described below.

3.1 Multiple-case Study Design

The multiple-case study research method was selected because it allowed us to
explore SE challenges for developing ML systems in real-world settings both
within and between cases. A case in our study pertains to a software-intensive
system that incorporates ML component(s) developed at an organization.

Primarily we used semi-structured interviews to collect qualitative data. At
the initial phase, we planned the study by describing the kind of data and prac-
titioners that are relevant to the study. Based on the research objective and
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Table 1. Description of domain of studied software-intensive systems, ML components,
and roles of interviewees (*previous work)

Case Domain Use case of ML components Interviewed experts

ID Role

A Automotive Interpreting sensor data to understand the
contained information at a high level

P1 Manager of DL
organisation

B Web (i) Automating tagging of sentiments in online
music library (ii) predicting quality of end
product based on different measurements from
machines, IoT devices of pulp processing and
quality measures

P2 Data scientist

P3 Head of data
science team

P4 Data scientist

P5 UX lead

C Web Collaborative annotation of training data and
predicting quality of annotations

P6 Co-founder

P7 ML engineer

D Telecom Predicting failures at site to give insights into
mobile network operations

P8 Project Tech lead

P9 Senior researcher

P10 Researcher

E Web Automating information extraction from
out-of-office reply to optimize communication
between sales reps and prospects

P11 VP data science

F Web Models of ML components of e.g., web search
engine, are compared using important measures
through A/B tests

P12 Data scientist,
experimentation

P11* Principal data
scientist

preliminary literature review, an interview guide was developed and reviewed in
two iterations by the authors. The interview guide had a total of 18 questions
structured in six sections. Background and context information of interviewee
and ML system were inquired in the first two sections. Section three focused on
the general development process of ML system. Sections four and five inquired in
detail about data management, feature engineering, model building and deploy-
ment. Section six focused explicitly on perceived challenges of SE for ML systems.
The interview guide was piloted with an external researcher prior to data collec-
tion. For the actual data collection, practitioners with experiences in developing
real-world ML systems were sought from different organizations.

3.2 Data Collection

Our primary qualitative data collection process started by sending e-mails con-
taining a short description of study’s objective to different company represen-
tatives of Software Center1 and others based on authors’ personal networks.
The email requested for their company’s participation in the study and select-
ing suitable persons for the interview. Semi-structured interviews were conducted

1 Software Center: https://www.software-center.se/.

https://www.software-center.se/
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with practitioners between August and December 2018. Altogether 15 interviews
were carried out with professionals and allowed researchers to reach saturation
of knowledge. Considering acknowledgment in literature (and our experiences
when soliciting interviewees) that there are few experienced practitioners skilled
in the area of intersection between ML and SE, the vast experience of our inter-
viewees from different companies across multiple domains as shown in Table 1 is
of great advantage to this study.

Three interviews were excluded from the study as they focused on the appli-
cation of ML to the activities of software development process (see Sect. 2 for
this study’s research area). All interviews were face-to-face except for two inter-
views, which were done via teleconference. The duration of each interview ranged
between 45 to 70 min. All interviews were recorded with interviewees’ approval
and were later transcribed for analysis. An opportunity for the follow-up ques-
tions was also agreed at the end of all interviews. After each interview session, a
summary was written and discussed among authors. Secondary qualitative data
was collected at a workshop held in December 2018 with practitioners where our
initial research results were shared. Excluding researchers, the workshop had
an attendance of 10 practitioners from different companies in automotive and
telecommunications fields. Notes were taken by authors during workshop.

3.3 Data Analysis

Thematic analysis was used to analyse qualitative interview data. Interview tran-
scripts were coded in NVivo by two researchers in two iterations. First coding
iteration was done by coding the challenges using a set of six predefined high-level
themes that depict the development of ML system. The six high-level themes
were: (i) data management and pre-processing, (ii) create model, (iii) train and
evaluate model, (iv) model deployment, and (v) organizational issues. First, the
two researchers familiarized with the data and discussed the coding procedure
at high level themes. Thereafter, the researchers coded separately a similar tran-
script in order to determine inter-rater reliability measure. A good agreement
level was determined (overall Kappa value = 0.72)2 and the researchers discussed
disagreements when reviewing outputs of code comparison in NVivo. Coding
for the rest of the transcripts proceeded by having each transcript coded by
one researcher. Second iteration of the coding involved identifying challenges at
each high-level theme. This was done through joint discussion between the two
researchers. The notes taken during the workshop were reviewed and important
aspects were taken into consideration in the reported taxonomy.

4 Case Study Findings

An overview of the cases and findings of the challenges from each case are pre-
sented. Several dimensions, such as learning task and source of training dataset
2 Interpretation of kappa value in NVivo: Poor agreement (Below 0.40), Good agree-

ment (0.40–0.75), Excellent agreement (Over 0.75).
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[23], can be used to describe and differentiate ML systems. For each case, descrip-
tion of the software-intensive system incorporating ML component(s) is pre-
sented first and then followed by descriptions of the ML use case, source of
training data, training and deployment of ML models. The ending paragraph of
each case description presents a summary of the main challenges for developing
ML system as perceived by the interviewed practitioners.

4.1 Case A: Software for Automated Driving

A joint venture company established by two large companies in automotive
domain is developing software for automated driving (AD). DL models are used
in development of software for AD where the main use case is perception. Per-
ception is interpretation of sensor (e.g., camera and LIDAR) data to understand
at a high level the contained information, such as presence of objects (e.g., pedes-
trians and vehicles) among other. DL organization consists of about 50 persons
software engineers and ML experts responsible for training DL models, develop-
ing DL infrastructure and managing large data storage.

Large amounts of data are collected from the fleet of vehicles going on expe-
ditions in different parts of the world. The collected data is transported and
stored at a big data center where pre-processing methods are used to extract
images that are to be annotated by an external company. ML experts use anno-
tated data to train offline DL models. To quickly train DL models and rapidly
iterate product development cycle, several graphics processing units (GPUs) are
used. Software engineers develop different tool-chains, such as schedulers for
training jobs, diagnostic and monitoring tools to the highly scalable DL infras-
tructure. Perception inference serves as a foundation and input to other layers
of the system with decision and control are developed by other teams. These
teams together with other stakeholders of DL organisation have specifications
that give inputs to key performance indicators (KPI) used in model evaluations.
The primary target for deployment of DL model in AD vehicle was GPUs, like
the NVIDIA Drive Xavier [12].

While Case A poses issues and extreme requirements for storage and pre-
processing of large data sets for creating DL models in automotive domain,
one main engineering challenge perceived by the DL organization manager was
difficulty in building DL infrastructure, as expressed below. This is in addition
to problems related evolving requirement definition for AD vehicles, which affect
model training and evaluations. At the time of the interview, there was limited
support for quickly recreating the different training results.

There are no tool-chains you can download in an infrastructure with deep
learning like this. And we realized after the mistakes and discussions with
our new IT that they didn’t really have the expertise to be able to deliver
this to us. So we had to create new teams, which took the responsibility of
creating both the infrastructure, but also the software tool-chain to be able
to train deep learning networks within a reasonable amount of time.
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4.2 Case B: AI Web Platform

AI web platform is developed by a company that simplifies the development of
ML applications. At the time of interview, the beta version of the platform had
active customers using the platform from various industries. Two main use cases
of ML focused on our study were for: (i) automatic tagging of sentiments in online
music catalogue, and (ii) predicting quality of manufactured products (e.g., car-
ton, cardboard, paper) based on measurements from different machines, IoT
devices and microscopic images of wood fibres for pulp processing. AI platform
clients typically know beforehand their ML use cases and have data available.
Software developers in product team are developing the platform in collabora-
tion with a data science team. The data science team, consisting of eight persons,
communicate requirements to the product team, provides internal AI education
and uses the platform to do projects with external companies.

In the studied ML use cases, a data scientist receives a training dataset, which
is uploaded onto the AI platform. The training dataset is explored, curated and
checked for quality on the platform. In the training set, tags initially applied by
humans’ (e.g., content managers) are assumed to be satisfactory to the client.
Since the customer in the paper mill industry had efficient data pipelines for
collecting various measurements from pulp processing and quality, data science
team were able to get data from past several years. Using the training dataset,
different ML models are built, trained and evaluated offline on the platform.
For automatic sentiment tagging, the selected final DL model is deployed to
a Kubernetes cluster in cloud infrastructure allowing among other, scaling. It
exposes a REST API that can be called via JavaScript fetch from the online
music catalogue application. At the time of interview, trained ML models of
the output quality predictions of pulp processing had not been deployed in pro-
duction but yielded feedback in form of report given to clients about features
indicative of quality. The later was among factors considered in decision to buy
a new machine.

In addition to challenges of developing AI platform, such as managing design
trade-offs in customization of platform functionalities, other challenges con-
cerned handling of data drifts in uploaded data, invalidation of models e.g.,
due to changes in data sources, and the need to monitor models in production
for staleness.

You’re trying to simultaneously build reproducibility, collaboration and ease
of use at the same time you’re trying to give people as much customization
as possible. It’s the difference between giving somebody a notebook where
they can do anything they want and giving a higher level tool that has a
lot of built-in functionality. It’s there that I see most challenges

4.3 Case C: Collaborative Annotation Web Platform

The collaborative annotation web platform is for creating training dataset of
supervised learning used in the development process of customers’ ML systems.
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The company’s clients are mostly automotive OEM companies. In addition, the
platform incorporates ML model to predict reliability of an annotations. An
annotation process designed by the company is collaborative through iterative
development of annotation guideline that incorporates quick feedback between
human annotators and the customer’s stakeholders. Through the annotation
guideline, customers express the desired outcome at an acceptable standard and
level of error tolerance. At the time of the interviews, the company had seven
employees.

The dataset from the customer is uploaded on the platform and a sample
of it is given to both the customer and human annotators to annotate. This is
done to determine uncertainty level using for example heat maps. Depending on
the results, the customer gets an opportunity to improve annotation guideline
thereby shortening the feedback-loop between customer and human annotators.
Human annotators use the improved guideline to annotate dataset on the plat-
form. While doing the annotations, meta-data is recorded e.g., time taken to
annotate, number of clicks etc. From this data and reviews given by peers, a
detailed Bayesian model is developed for each annotator to estimate the qual-
ity of the annotations and predict the probability that an annotator is able
to produce what the customer wants. The model is running in a Google cloud
environment and hooked to the platform through client calls that get executed
whenever human annotators finish annotations.

Main SE challenges identified from Case C is the need for processes and tools
for forming accurate and consistent annotations in large dataset, especially when
the system has no self-labelling instrumentation. Furthermore, there are difficul-
ties in negotiating interpretations and dealing with poor inter-rater agreement
across a large group of annotators. Customers using the annotated dataset, often
do not have other mechanisms to know if the annotations were done correctly.

“So the challenging part of creating large amounts of examples is that it’s
usually ambiguous. You have a distributed group of people and you need
very low error tolerance, because if you’re going to have production grade
machine learning systems, their performance will be governed by the quality
of the data”

4.4 Case D: Mobile Network Operations

A large telecommunication company is enabling intelligent operations of net-
works by introducing ML techniques that help to predict issues at a source.
For network operations centre (NOC) personnel, this allows them to automate
and proactively evaluate, prioritize and take preventative actions on issues that
might arise. ML use cases focused in this study are those from a project where
a research team doing thought leadership at the company is involved and the
main goal is to predict what can go wrong at a site (i.e., a building that has
base stations, antennas, auxiliary power sources etc). Example of specific ML
use cases, include predicting degradation of KPI e.g., latency and throughput,
to facilitate remote troubleshooting; and predicting site’s sustenance to power



SE Challenges for AI-Enabled Systems 235

outage from auxiliary power e.g., using frequency of battery charging as input
data. NOCs that are operated by the company are for about 400 client operator
companies distributed in different locations.

Depending on the use case, and whether the team is allowed to move data,
datasets of varying sizes are used to train models. In extreme scenario with a
datasets of 3TB per day and where data is not allowed to be moved outside
a country, federated learning is used. In federated learning an initial model is
built locally and then it gets trained and improved at the edge. The training
dataset is curated and features engineered by data scientists prior to training. ML
models are trained while also residing in the CI-CD pipeline since the company
supports many customers across different locations. When training the models
care is taken not to mix data of different clients. The ML models are packaged
as Docker images that are deployed on Kubernetes in the cloud and monitored
for model usage and accuracy, in addition to CPU usage and memory, using a
tool called Prometheus.

The main engineering challenges for Case D are related to data collection and
model localization particularly in areas where data movement is constrained, as
elaborated in quote below by the Tech Lead.

I think really the challenge is actually getting data and that is why we are
investing so much in federated learning because in some cases the data
cannot leave the country. And also in some cases the links that you have
are not strong enough to carry the data that you want because they are used
by other things. So that is really the key challenge here and that is why we
are looking into the techniques such as federated learning and reinforcement
learning so that we can improve on it.

4.5 Case E: Sales Engagement Platform

Sales engagement platform primarily enables and optimizes communication
between sales representatives (henceforth sales reps) and potential prospects.
Sales communication occurs in natural language via different communication
channels, including emails. The ML use case of focus was concerned with extract-
ing automatically entities, such as date, using natural language processing (NLP)
techniques from out-of-office emails. Specifically, for information extraction,
emails are parsed and processed to understand the contained information, such as
people, dates and best contact information from out-of-office emails. The infor-
mation allows sales reps to take relevant actions, such as pausing sequences of
automated steps. The data science team at the company consists of ten persons
responsible for data analysis, ML, A/B testing and insights reporting.

All email communication done by sales reps is stored in a communication
database out of which a few of these are labelled and form the validation dataset.
Due to some factors, such as limited labelled data to train models, open sourced
pre-trained models are used. Prior to extraction of entities, pre-processing steps,
such as handling of different encoding, are conducted to get the email text. The
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step is followed by the entity extraction, which applies different pre-trained mod-
els to extract entities as well as construct relationship tree around the entities, for
example to suggest the person with whom the phone number left in out-of-office
email belongs. The pre-trained models are evaluated using the validation dataset
and tuned to improve their accuracy in consideration of company’s dataset. In
addition, measures of actual user experience through A/B testing are gathered
to provide feedback into the training of the model. Databricks tool is used to
build and deploy the models, which are typically saved as a single library and
are version controlled.

Prior to their recent use of the Databricks tool, the team faced challenges
related to the lack of standardized approaches for reproducing model selection
experiments quickly and scaling models in production.

We also needed to worry about scaling because the volume of messages
differs a lot with time. Generally, on Monday sales people send hundreds
of thousands of emails to new prospects. We had to either do it manually
by deploying more copies of the model, and then bringing them down to
not use-up resources, or leave the model and then there will be a queue.
We did not do this manual approach and the queue would get to almost 24
hours long. So those emails will only get processed on Tuesday because of
the volume.

4.6 Case F: Online Experimentation Platform

An experimentation platform is developed by a large company to support vari-
ous product teams in running trustworthy experiments, such as A/B tests. While
the platform is also used by applications that do not incorporate ML/DL com-
ponents, those that do use, such as web search engine, use it to compare trained
models with important measures through A/B tests. The team in charge of the
platform provide training and support to product teams to set-up, run experi-
ments in addition to developing and maintaining the platform. The team consists
of about consists of about one hundred persons, who among them are data sci-
entists and software developers.

Experimentation platform consists of mainly four components namely experi-
mentation portal, experiment execution service, log processing service, and anal-
ysis service. A good logging system that captures correct events, at correct time
and identify targets is important for running experiments on the platform. This
is because every product user is every single point in time in several experiments
and logs need to be annotated with information of which experiments users in
addition to using the data to (re)train models. Users can run their experiments
on platform as per their requirement either with the help of some predefined
templates or without templates by which they can eventually find a better per-
forming trained model. This is important because the models are compared using
measures that the business care for because users are using system functionality
and not the models.
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Among the challenges identified from practitioners of Case E are difficulties
with complex and poor logging mechanisms as well as in designing experiments,
including interleaving experiments often done in ML components and interpret-
ing experiment results.

If product teams want to have good informative experiments they need to
log the correct things. Logging in the past was done to understand if a
product has crashed or not, or why it has crashed. This is not sufficient if
you want to compute good business metrics in the end of the day

5 A Taxonomy of SE Challenges for ML Systems

In this section, insights into SE challenges for ML system are presented using a
taxonomy that depicts evolution of use of ML components in software-intensive
system in industrial settings. The insights are based on the findings of our cross-
case analysis and the literature presented in Sect. 2.

Based on the study, we have identified five evolution stages of the use of
ML component(s) in software systems that follow a pattern wherein they are
initially deployed for experimental (or research) purposes until maturing to
function autonomously. This progression of stages in the taxonomy occurs at
component basis. Essentially, model life-cycle activities (assemble dataset, cre-
ate model, (re)train and evaluate, deploy) are performed at all maturity stages.
The taxonomy is visualised in Fig. 1 and a summary of the challenges is given
in Table 2.

Fig. 1. Evolution of use of ML in commercial software-intensive systems

5.1 Experimentation and Prototyping

Initial application of ML techniques and creation of ML models in industrial
settings is often for experimentation and prototyping. At this first step, dif-
ferent innovations and improvements to existing software-intensive systems are
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hypothesized through the use of ML techniques. There exists a vague description
of ML problem or use case. However, critical decisions are made by designers
about the learning algorithm, representation and training dataset. Decisions have
profound effects on the success, or appropriateness, of ML components. In our
studied cases, Case B’s client from paper-mill industry belongs to this stage.

Existing data collection mechanisms and storage of software-intensive sys-
tem are originally not set-up for ML systems. For example, poor logging and
limited data cleaning mechanisms exist prior to the ML initiative. As a result,
potentially large efforts are spent on data exploration, in addition to determin-
ing and formulating the problem of ML in the respective application domain.
Difficulty in formulating the problem for ML is accounted for, among other, by
the need to determine beforehand a benchmark or baseline against which ML
model will be evaluated for accuracy and performance optimizations. While a
variety of big data tools are used in data aggregation and structuring, different
design decisions and trade-offs in model creation rely on inputs from domain
experts, such as useful features. At this stage, models are not deployed but do
provide valuable feedback to the experts about the direct impact of suggested
features.

5.2 Non-critical Deployment

After gaining experience with initial use of ML techniques in respective appli-
cation domain, ML model prototypes, or their revisions, are deployed on non-
critical functions of the software-intensive system. Alternatively, inferences of
ML components are inspected by human expert. At this stage, the hypothesized
improvements through the use of ML are quantified in a production environ-
ment. As data pipelines for ML are being initiated, scarcity of labelled data and
imbalanced training dataset challenge the creation of models. This is in addition
to legal and privacy protection requirement challenges of accessing data. From
our studied cases, Case B’s client in music industry and Case D belong to this
stage.

Data analysis and validation is an initial and critical activity for designers of
ML components. Absence of critical analysis on training data results to train-
ing and serving skew, which describes differences in performance of ML model
at training and deploy. The discrepancies are largely caused by differences in
the handling of data distributions and pipelines during training and operations.
Data sources or different fields in data e.g., in logs, may come from different
components owned by other teams. Major changes to the values invalidate mod-
els trained on older data. Techniques and tools for monitoring and tracking data
are crucial for developing ML systems, as supported in literature.

5.3 Critical Deployment

Successfully quantified improvements in stage 2 drive deployment of ML models
to critical functions of the software-intensive system. For each critical function
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implementing ML component, designers take a separate account to their differ-
ences in system architecture and data distributions both at training and serving.
At this stage, there is typically a co-existence of ML components with other soft-
ware components developed using traditional techniques, as observed in Case A.
Since ML components are developed at the same time as the product definition
of the software-intensive system is evolving, the ability to track and adapt to the
system changes and optimization objectives is necessary at training and evalu-
ation. There is need to have an effective end-to-end ML pipeline that simplify
and make it possible to quickly compare and reliably reproduce different results
of model creation, training and evaluations. Case A, Case C and Case F belong
to this stage.

For critical deployment of ML components, challenges in the implementation
of the end-to-end ML pipeline comes with the need and difficulty in implementing
an effective experimentation infrastructure. The experimentation infrastructure
is used to evaluate performance improvements and effects of ML models with
the use of metrics that are business-centric rather than algorithmic-centric. The
ability to design and conduct several experiments on continuous basis is non-
trivial. While experiments that are conducted online are exploring and exploiting
the models, end-users are not to be affected and need to adhere to the stringent
requirements of latency and throughput.

5.4 Cascading Deployment

At the next step is a software system that has cascading ML models whereby
outcome(s) of one or more ML components serve as inputs to subsequent ML
component. Cascading deployment of ML components was used in [10] to enable
the elimination of irrelevant data items in earlier stages and discern relevant
ones in later stages. According to the authors [10], the cascading deployment
strategy achieves a balance, rather than a trade-off, with respect to effective
ranking results from a large number of data items of Alibaba e-commerce and
efficiency in terms of good user experience and savings in computational costs.
From our cases, Case E, in addition to the studied use case, has models that
detect the intent from prospect’s email replies.

For the final model in the cascading deployment strategy, the challenge comes
from the difficulty in tracking changes in models giving the input features and in
performing a sliced analysis to the evaluation results. It is apparent that as the
system scales to handle more models, it becomes difficult to identify the cause
of poor performance for final system, for example due to undeclared consumers
[20]. When final model performance results are not sliced, such as merely focus
on accuracy on validation training set, according to [15] important effects are
masked and can result in quality improving in one part but degrading in another.

5.5 Autonomous ML Components

At the final step is a system that incorporates ML components that have auto-
matic processes (or minimal human intervention) of ensuring fail-safe outcomes,
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Table 2. Summary of the challenges in evolution of use of ML components in com-
mercial software-intensive systems

Experiment
prototyping

Non-critical
deployment

Critical deployment Cascading
deployment

Assemble
dataset

Issues with
problem
formulation and
specifying
desired outcome

Data silos,
scarcity of
labelled data,
imbalanced
training set

Limitations in techniques
for gathering training
data from large-scale,
non-stationary data
streams

Complex and
effects of data
dependencies

Create
model

Use of non-
representative
dataset, data
drifts

No critical
analysis of
training data

Difficulties in building
highly scalable ML
pipeline

Entanglements
causing
difficulties in
isolating
improvements

Train
and
evaluate
model

Lack of
well-established
ground truth

No evaluation
of models with
business-centric
measures

Difficulties in reproducing
models, results and
debugging DL models

Need of
techniques for
sliced analysis
in final model

Deploy
model

No deployment
mechanism

Training-
serving
skew

Adhering to stringent
serving requirements e.g.,
of latency, throughput

Hidden
feedback-loops
and undeclared
consumers of
the models

retraining and scalability of ML models. While we did not experience a case at
this stage besides being expressed by practitioners as a future direction, con-
crete work in this direction is presented in existing literature, such as in online
targeted-display advertising systems [15]. This stage also considers other learn-
ing strategies, such as active learning and reinforcement learning. Case A of our
case study findings was considering active learning for automatic selective acqui-
sition of training data and Case D was looking to explore reinforcement learning
to eliminate efforts associated with model training and retraining.

For the alternative learning methods, such as active learning, some of the
challenges are attributed to the lack of sufficient practical guidance for imple-
menting the learning strategies [2]. Although, successful implementations have
been demonstrated to obtain data and annotations automatically through the
use of active learning, there remains great need to incorporate practices and
tools for monitoring data sources and monitoring different sources of variability.

6 Conclusion

Developing, evolving and operating ML systems in real-world commercial set-
tings is non-trivial. This paper explored engineering challenges for developing
and operating supervised ML systems in real-world commercial settings. Multiple
cases of ML systems from different application domain are presented, including
description of their development process and perceived engineering challenges.
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In an effort to energize and focus the discussion of ML systems on SE aspects
besides the algorithmic issues, we have presented a taxonomy that depicts matu-
rity stages of use of ML components in commercial software system and mapped
the challenges at each stage. The challenges we have identified as most important
require a lot of efforts to be managed, and in the future work we will refine the
challenges with additional cases and explore possible solutions as well as provide
guidance on how to move from one maturity stage to another. Furthermore, we
acknowledge that our study has narrowly focused on the development process
of ML components and that research into other SE topics, such as challenges
related to software architecture are still of great interest and needed.
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Abstract. The growing popularity of Agile management methods has
led to their application to a number of areas inside, but also outside,
the software development domain. However, despite many practitioner
reports, research exploring whether and how Agile practices have been
applied in domains beyond software development has been rather patchy
with little empirical evidence. What is there behind the hype and how
can other domains learn from it? To address this gap in the research,
we present the findings of our study on the application of Agile manage-
ment practices in other domains, including an outlook towards a poten-
tial expansion enabling Business Agility. To practitioners, this study
presents examples of Scrum applied outside the software development
domain including concrete practices applied. To researchers, it presents
an empirical starting point for further exploration.

Keywords: Agile · Agile practices · Business agility · Change ·
Client orientation · Collaboration · Responsiveness · Retrospectives ·
Scrum outside software development

1 Introduction

In 2001, a meeting in a ski resort in Utah (United States) resulted in an agree-
ment that changed the way software development would unfold, and which
would, eventually, transform ways of working not solely in the field of manage-
ment. This agreement was based on the practices of collaborative, self-organising
efforts being undertaken by cross-functional teams who would not only con-
sult with their customers and end users, but would also be self-reflecting, self-
responsive and self-improving. This agreement is known as the Agile Mani-
festo [1], and it promoted 12 simple principles and four values. These princi-
ples were formulated as a direct response to the traditional waterfall methods of
business planning and execution.
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Given that Agility has come to be viewed in a wider context, as something
more than a series of techniques, it is not surprising that many now consider it to
be a fundamentally transformative management philosophy [2]. It is a dynamic
process that has not only revolutionised software development, but is also equip-
ping organisations and the people who manage them to respond quickly and
appropriately in a world in which the pace of change is increasing exponentially
day by day.

This article focuses on practical applications, examining how Agile practices
have been implemented in domains beyond those related to software develop-
ment. Using research findings, it also discusses what characterises those organ-
isations that have applied Agile methods and, using empirical cross-case data
and existing literature, it defines and describes the most commonly applied prac-
tices. Based on 18 interviews conducted with Agile practitioners from a variety of
domains who are involved in business processes such as marketing, sales, commu-
nication and human resources, this article, through its analysis of the concrete
impact of Agile methods, expands the current understanding of Agile project
management methods, thus encouraging further exploration into future Agile
implementation.

2 Related Work

While a lot of research work has been focused on expanding Agile methods within
the software development and information systems domain [3,4], the application
of Agile ways of working outside the IT sphere is relatively new. It is a subject
that remains to be investigated, since exploration of Agile methods in different
domains is supported only by scattered reports and by little empirical evidence.

One of the difficulties of identifying the application of Agile methods beyond
IT is the expansion of information systems into other domains. For example, mar-
keting is nowadays often driven by automation and supported by data engineers
and software development teams (e.g. to automatically analyse and act upon
responses from social media or automated mailing lists). This blurs the lines
between marketing and software development. In one of the few contributions
to the research, Conforto et al. [5] present a set of enablers for the application
of Agile project management methods outside IT.

Further, due to their practical nature, Agile methods can be difficult to under-
stand, and to delineate what is Agile and what is not is not an obvious undertak-
ing [6,7]. While Agile project and portfolio management has an impact on the
processes (practices applied in context), structures (roles and responsibilities)
and culture (values and principles) in organisations [8], in this article we follow
the advice of Laanti et al. [9] and focus on the behavioural components and
specifically the Agile practices applied. We do so because Agile practices can be
viewed as the most tangible elements of agility and as such can be easier to pin-
point by research participants. Even though a description of Agile practices can
be found elsewhere [10,11] the most commonly applied Agile practices are [12]:
(1) Iteration Planning; (2) Iterative Development; (3) Continuous Integration
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& Testing; (4) Co-Location; (5) Stand-up Meetings; (6) Customer Access; (7)
Customer Acceptance Tests; and (8) Retrospectives [11,12].

In the remainder of this section an analysis of the current state of knowledge
is followed by a description of the gaps in the available literature, all of which
led to the iteration of the research questions that formed the focus of our study.
This research focused principally on (1) scientific and empirical contributions
and (2) practitioner reports.

2.1 Scientific Reports

In our literature study we found studies conducted in the domains of Education,
Sales and Manufacturing. The results are presented here.

Sales: Solingen, Sutherland, and de Waard [13] studied the application of Scrum
in the sales domain, where Scrum rituals, such as short iterations, Sprint reviews,
checking on progress and attending a daily stand-up meeting were adopted in
relation to such activities. The application of Scrum enabled sales to become
more predictable and revealed new ways of conducting sales with customers,
thus exposing the relationships that existed between customer maintenance and
referrals for new business. A study by Steenberg [14] revealed that Agile methods,
when used to survey customer needs, provided invaluable feedback that could
be used to improve client focus and to give sales teams insight into how their
behaviour positively or negatively impacted clients, thus enabling the teams to
quickly make changes and become more effective.

Education: Although the application of Agile methods is found in educational
software development, some studies looked at Agile applications in teaching
methods. Melnik and Maurer [15] studied the effect of XP practices on second-
year academic students and their perception of the use of XP practices. They
selectively adopted XP practices such as test-driven development; simple design;
continuous integration; refactoring; pair programming; and collective code own-
ership. Based on the results, Melnik and Maurer concluded that Agile methods
in the schools sphere must be specifically tailored to an educational context, in
contrast to what took place in terms of industry. Several studies have looked at
the use of altered versions of Scrum [16] and studied the impact of implement-
ing Agile in research groups. These studies applied Scrum rituals such as daily
scrum, sprint review and sprint planning. The use of Scrum had the effect of
ensuring that faculty time was used more efficiently and that students improved
their productivity. It helped students to be more involved and teachers to focus
on helping and coaching their students which, in turn, helped them to propel
the student’s research forward. Students also started helping each other on their
tasks and developed effective strategies to deliver their work on time. Stettina et
al. [17] compared the impact of group sizes in relation to the use of Scrum rituals
at universities, and in particular, analysed coaching and team routines. Coaching
smaller teams took additional time, but improved the exchange of information
and student satisfaction, all of which enhanced the maturity of the team.
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Manufacturing: Studies analysed how the application of Agile methodology
was evolving and looked at methods such as the application of Real Agile Manu-
facturing [18] and supply chain management [19]. Besides these studies, research
was also carried out on the issues that should be considered when Agile is being
fully embraced [19]. Manivelmuridaren [20] concluded that Agile manufacturing
methods differed so markedly from traditional manufacturing that he described
it as a paradigm shift. The results of these studies indicated that, overall, Agile
methods of manufacturing change an organisation by placing the customer, and
not the company, at the centre of the manufacturing process. To embrace the
required changes, employers must build a flexible organisation that can move
human and physical resources around very quickly, when needed. In another
research case undertaken by Inmana, Samuel, Saleb, Green and Whittend, the
analysts studied manufacturing organisations which had become more Agile by
implementing just-in-time purchase and manufacturing processes, an approach
which improved the operating performance of the firm [21].

Fig. 1. Google search inquiries 2010–2019: Agile marketing (Blue), Agile manufacturing
(Yellow), Agile HR (Green), Agile sales (Red), and Agile education (Purple) (Color
figure online)

2.2 Practitioner Reports

Despite many practitioner reports and potential interest (see Fig. 1), we found
little empirical literature on the application of Agile methods, especially in the
domains of marketing, healthcare, finance and human resources. Most of the
reports relating to these four domains consist of accounts of personal experiences
recorded in specialist blogs, forum discussions and opinion pieces, and thus are
not the result of scientific study but presentations of personal views.

Marketing: Drumont [22] has blogged about her experience with marketeers,
who are constantly trying to become faster and more nimble in their responses.
This is especially important in the digital domain, where the days of executing
static campaigns that have been planned months in advance are gone. Another
document describing the Agile way of working is a marketing manifesto [23].

Healthcare: King and King [24] describe the use of Scrum in a medical family
practice, brought into play to improve the skills of professionals by being trans-
parent and using feedback received from peers. Another interesting case study is
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that of the Dutch healthcare organisation Buurtzorg. They use Agile principles
such as self-managing teams, client focus and the use of small teams to review
and discuss cases and problems in order to improve their performance [25].

Finance: In a blog post, Hegarty [26] describes how Scrum methods have been
implemented in relation to teams of accountants, with the use of story-maps,
sprints and retrospectives.

HR: In the human resources (HR) domain, one article posted on the Scrumstudy
website describes how HR teams can benefit from Scrum [27]. The absence of
literature on Agile in HR has also been acknowledged by Gothelf in the Harvard
Business School article ‘How HR can become Agile and Why it needs to’ [28].

2.3 Gaps in the Literature and Our Research Question

To summarise, while there are numerous practitioner reports pointing to the
application of Agile methods in different domains, existing empirical research
contributions are limited to manufacturing, logistics, sales [13], education [15,17]
and research [29]. Based on the state of the literature, we thus posed the following
research question: In which domains can Agile management methods be found
and what concrete practices/rituals have been applied to projects outside of the
IT domain?

3 Methodology

The subject of this research involves a new environment from which not much
empirical evidence is available. To study this organisational phenomenon within
teams using Agile as way of working, the authors decided to follow a qualitative
research approach. The data was collected using semi-structured interviews with
open-ended questions; initial questions were followed by the posing of additional
questions, which emerged as a result of the information provided in the initial
interviews.

Identification and Selection of Interview Participants: Interview participants and
the list of final interviewees were selected on the basis of internet searches and
the use of information and contacts via the researchers’ personal networks.

Internet Search: After an initial literature review, the researchers, using Google
and LinkedIn, identified potential interviewees through the application of such
relevant search terms as ‘Scrum’, ‘Kanban’, ‘XP’ and ‘Agile’, especially in con-
texts outside software development; references to Agile methods in general were
found in the fields of construction, human resources, manufacturing, marketing,
education and sales. One criterion that necessitated the exclusion of a particu-
lar participant was clear proof that the individual did not possess the claimed
expertise in applying these methods within his/her domain. The resulting pool
of interviewees was chosen on the basis of familiarity with the implementation
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of Agile methods (such as Scrum); professional experience in non-IT domains in
which Agile methods of working had been applied; and specialised knowledge of
the application of Agile methods outside software development; and/or research
conducted in this area.

Use of Personal Network: The researchers also identified potential participants
from their own personal networks and these individuals were asked if they knew
anyone with similar experience or if they had clients who might be interested in
being interviewed.

Invitations to participate were sent to 37 people from 22 different organisa-
tions, along with the following screening questions:

1. Are you familiar with the application of Agile methods outside IT projects?
If yes, in which domain?

2. Are there any people in your organisation who have initiated Agile methods
in other departments/domains (for example in marketing, sales, business,
communication, etc.) or in schools?

3. Can you refer us to any other people/organisations that have implemented
Agile methods?

The resulting pool of participants was made up of (among others) managers,
Agile coaches and consultants and researchers who had been or were currently
involved in the application of Agile methods such as Scrum in contexts beyond
the domain of IT (see Table 1).

Table 1. Overview of participants
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Data Collection: The interviews were scheduled to fit the agenda of the respon-
dents, took about 60 min and were held in the period between February and
November 2017. Interview guides contained questions such as: Do you have expe-
rience of implementing Agile methods/Scrum outside of IT in your organisation?
Can you give us concrete example(s)? How and why did you start applying Agile
methods/Scrum outside of IT? What practices/routines/rituals/ceremonies did
you implement? What were the barriers to adoption? Seven interviews were held
via Skype, four by means of phonecalls and eight at face-to-face meetings. Audio
recordings were made of the interviews with the participants’ verbal consent. The
audio recordings were transcribed by one of the researchers. The content of the
transcribed interviews was sent to participants to make sure that the transcrip-
tions did not misrepresent what they had intended to say. Participant 4 submit-
ted four minor revisions, and participant 14 submitted two minor revisions. The
transcribed interviews were anonymised for further textual analysis.

Data Analysis: During the course of this research, we interviewed 18 participants
who worked in applying Agile management methods in the domains of market-
ing (6 cases); sales (2 cases); education (3 cases); human resources (2 cases);
communication (1 case); event management (1 case); R&D (1 case), change
management (1 case); and geology (1 case). As depicted in Table 1, the partici-
pants had on average about 5 years of relevant experience and worked in different
industrial sectors, including finance, energy/utilities, education, the public sector
and research. When adopting Agile methods across different domains, the vast
majority of respondents indicated that they leaned on the Scrum framework as a
starting point. The data was coded using an axial coding technique as described
by Strauss and Corbin [30] resulting in a total of 144 pages of transcripts, over
18 h of recordings, and in total, 1089 codes.

The transcribed interviews were processed by one researcher. Two researchers
analysed the transcriptions in search of results that would answer the following
questions and which could be sorted according to the following categories: (1)
methods used; (2) motivation; (3) change design; (4) success factors; (5) impact;
and (6) practices. As it can be difficult to delineate what is Agile and what is not,
we followed the advice of Laanti et al. [7] and compared the concrete practices
applied.

4 Results and Discussion

The most commonly mentioned reasons given by participants to adopt Agile
ways of working in their teams were: (1) external threats and fluctuating cus-
tomer needs; (2) a lack of transparency about the value that was being delivered
and how it connected to other organisational units; (3) the realisation that pre-
viously applied project management approaches did not work; and (4) the quest
for increased employee satisfaction. As depicted in Table 2, the most applied
practices were: structuring work in sprints (n = 15), daily stand-up meetings
(n = 15), retrospectives (n = 15) and sprint planning (n = 14).
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The most alternated practices were: daily stand-up meetings, sprint planning
and the retrospective. The biggest reasons for alternation of practices among
our cases were mobility (travelling team members prefer calls) and perceived
usefulness. The success of Agile practices can be linked to Agile maturity as
participant 18 points out: “Scrum is introduced in many forms. This sometimes
creates scepticism. Scrum was not always a success and this reflects on people’s
emotions. When rituals are removed and it didn’t work, it is blamed on Scrum.”

The remainder of this section elaborates on (1) the domains of application
and the concrete Agile practices applied across our cases; and (2) the basis of
trends in the work field, discussing domains where one could expect to encounter
the application of Agile management in the future.

4.1 Scrum Outside Software Development: Domains and Practices

In this section we discuss the six domains where we encountered the application
of Scrum (marketing, sales, education, human resources, communication and
geology) and which concrete practices had been applied. In several cases the
rituals were altered or not used anymore. These changes varied from adjusting
the time of the daily stand-up meeting to the decision to stop rituals. An overview
of the rituals and practices we observed through the interview process can be
found in Table 2.

Marketing: In marketing, the most applied rituals were the retrospective, men-
tioned by six out of the seven participants, followed by the use of iterations and
the daily Scrum (stand-up) which was mentioned by seven respondents. Sprint
planning was carried out by three out of the six respondents. Marketing had
the most applications of an Agile way of working, but the rituals were not men-
tioned as frequently as in other domains. Participant 17 describes the application
of cross-functional teams in the marketing department of a travel agency as fol-
lows: “[..] the commercial department consists of four bases (Tribes: Core, direct,
partner and passenger). These bases are responsible for the products, experience
of the direct sales to the customer, service during the ticket sales, interfaces to
third parties and the aftersales. [..] A Crew is a multifunctional team, product
developer (product owner), content, communication and data specialist. Their
goal is to create value in a benefit for a specific subject.”

Sales: We found four examples of sales departments changing their way of
working to adopt an Agile approach. Almost all respondents mentioned that
they implemented all the Scrum rituals, that is, they followed all the rules and
processes described in the Scrum Guide [10]. One of the respondents mentioned
that, after one implementation, the team was then free to alter how the rituals
were implemented. This was based on the Shu-Ha-Ri principle, which states that
a team first learns the rules and that later it can bend the rules. One respondent
described a situation in a team where team members found it difficult to speak
out: “The team was not able to speak out about the previous sprint. They found
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Table 2. Agile practices across the identified domains

it hard to express themselves. This [The retrospective] was stopped” (Participant
6, Director Online Sales and Services, Program Manager).

Education: In education, we found that all participants implemented rituals
such as a Sprint frequency, a daily Scrum, retrospectives, Sprint planning and
Sprint reviews. The application of Scrum at schools was based on an altered
version of Scrum and was implemented to enable students to organise their
work. The rituals were shortened to fit in with student schedules. The teacher
performed the role of Product Owner, but he/she also guided the process as
the Scrum Master. Participant 16 described Scrum as follows: “Students have
more fun, results are better, [they] have ownership. Teachers can be a teacher
again, have a coaching role, [feel] less pressure.” It can be assumed that applying
Scrum in schools was successful, in that teaching staff subsequently adopted it; in
addition, an added benefit was that, when students applied for jobs or when they
continued their education, they were already familiar with Scrum and tended to
apply to places where Scrum was used.

Human Resources: Two participants shared their experiences with Agile ways
of working within the domain of human resources. Both mentioned that the



Scrum Outside the Context of Software Development 253

application of Scrum formed the starting point, and was applied to a small-scale
project. Scrum was implemented following the Scrum guidelines [10]. The daily
Scrum ritual had to be altered, since the team was not at the same location
every day. Participant 13 explained that they could not find a moment where
they were all available at the same time. The solution was to have a planned
conference call daily, so that the status of the project could be shared by the
whole team: “Because everyone was across the country, it became a daily phone-
up to update everyone [about] the work at hand” (Participant 10, Manager of
Methods, Quality and Technology).

Communication: In the communication domain, only one example of Agile
ways of working was found. This team used Agile to create an overview of the
tasks at hand (transparency). They then started working in iterations (Sprint
frequency), and had a daily Scrum, a retrospective and a Sprint planning session.
The retrospective was stopped because of the lack of follow-up by the team.
Respondent 15 explained this in the following way: “Reflection happened, but
not in an orderly matter. They did make a mark if something went wrong, but
did not [provide a] follow-up on how to improve. There was a feeling this would
only cost [more] time” (Participant 15, Head of the Communications Team).

Success in implementation took place when room for making errors was fac-
tored in and when the surrounding teams were involved in the process. An addi-
tional success factor involved the crucial element of starting with people who
were enthusiastic about applying Scrum. These people would then spread the
news about the success of Scrum throughout the organisation.

Geology: In the domain of geology, the application of Scrum was two-
dimensional. First the team searched and made calculations related to drilling
operations and secondly they started drilling. To prevent errors being made dur-
ing the drilling process, the first part of the process (research and calculation)
is done using an Agile way. Working with a backlog, daily stand-up meetings
and retrospectives, respondent 14 explained the team could work efficiently and
when research was going nowhere they could stop early in the process. This made
the team effective by reducing the time prior to the drilling phase.

4.2 Domains Where Agile Methods Could Be Applied in the Future

This section explores potential applications of Agile management methods in
domains where they have not yet been tried. Based on the findings from this
study, we provide a trajectory of where we expect Agile management methods
to be explored in the future; these tentative explorations would involve experi-
mentation and additional research studies; in other words, the approach taken
needs to involve both academic and professional/business applications.

Firstly, we compared the shared characteristics identified across our cases
with the enablers presented by Conforto et al. [5] and organised them along
the dimensions of Structure, Process, Culture and Nature of work as presented
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in Table 3. The main enablers on the intersection as discussed by our partici-
pants and literature were: Team-based work, Continuous improvement, Learning
organisation and Customer involvement.

Secondly, in order to understand potential fields that are ripe for Agile appli-
cations, we looked at the current reports on work trends involving both the
academic and professional domains, such as those provided by the European
Trade Union Institute [31]; Accenture [32]; and PwC [33], as well as academic
research [34,35]. The workforce trends commonly discussed in these reports
are linked to digitisation, flexible work arrangements and work taking place in
ecosystems, and the importance of a work/life balance. This section focuses on
the impact of digitisation as the trend that is commonly acknowledged as hav-
ing the biggest potential future impact. Specifically, the categories of Frey and
Osborn [34] have been used to guide the discussion. In their article [34], Frey and
Osborn present their views on the probability of computerisation. The domains
they mark as less likely to be automated are domains where Agile methods could
be applied. Jobs in domains that require creativity and those which are based
on (cross-functional) teams are less affected by computerisation.

When looking at the findings of Frey and Osborn, it becomes apparent that
there are some domains representing jobs that are not threatened by automation.
Because Agile management methods are team-based methods, it is interesting to
look at creative work fields that fit the criteria iterated above, especially those
with high employment and the low probability of computerisation. As many
manual tasks will be automated in the future, the human workforce fulfilling
creative tasks will be expected to work more effectively in the future. Further,
looking more in depth, skill sets of empathy and support, management and lead-
ership, and science and engineering will require a major increase in the future
according to labour market reports [36]. This shift towards creative work could
open up further demands for Agile methods in other domains.

We picked four categories from Frey and Osborn [34] on the basis of two
factors: (1) future occupational employment, and (2) low probability of comput-
erisation. These two factors meant that a human workforce was required, and
thus these categories shared characteristics of Agile management as discussed
above.

In the management, business and financial category, the authors foresee a
further application of Agile in the domains of change management, business
development and Agile project and portfolio management in general. Further-
more, many organisations today are shifting their focus from being process-
centred to being people-centric by changing previous management styles into
those that involve leadership and collaboration [37]. The emergence of frame-
works and methods that specifically focus on such domains as design thinking,
lean start-ups, growth hacking, beyond budgeting and so on are all providing
the impetus to change these domains and make them Agile.

In the computer, engineering and science domains, in addition to software
development and engineering, which were the domains where Scrum was orig-
inally applied, the authors foresee an application of Agile methods to engi-
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Table 3. Enablers for use of Agile methods outside software projects

neering. Many engineering disciplines have developed more flexible development
and prototyping technologies, thus allowing for more flexible and more iterative
feedback. While 3D printing and programmable logic facilitate faster industrial
design and hardware development cycles, Agile and iterative management might
prove useful only in the design stages of a construction project (such as building
a bridge). Potential applications can also be found in the growing demand for
data science projects, research projects in general, as well as in architecture.

Besides the case involving the use of Scrum in relation to education that was
presented here, it is envisaged that the use of Scrum can foster enhanced student
engagement (participant 16); in addition, we foresee an application in the design
and coordination of educational programmes and in team-based course assign-
ments in the domains of education, law, community service, arts and media.

In the healthcare practitioners and technical domains, there are examples
of an Agile way of working being applied to make organisations or domains
more responsive to their surroundings. Some examples involve community care
in the Netherlands, a domain which is being changed by a new way of work-
ing (as applied by Buurtzorg [25]). Medical care in the Netherlands is chang-
ing towards a structure of self-supporting entities. This presents a challenge in
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relation to regional hospitals. Several hospitals have responded by shifting their
focus towards the patient [38]. By using multidisciplinary teams at the first-aid
post, an expert is immediately available because he/she is part of the team. This
makes the care provided more effective for the patient. Earlier applications of
this approach can be found in the domain of clinical operating teams [39] which,
while needing to stay close to medical protocols in the operating theatre, need
to adapt to the local needs of a particular patient and learn from those.

5 Limitations

Bias and Participant Sampling: The pool of participants was made up of
(among others) managers, Agile coaches, consultants and researchers. Those
interviewed were chosen based on their expertise in the topics under discussion.
However, since they performed leadership or consulting roles in the application
of Scrum, this could result in biased answers, especially when participants were
asked about the perceived success of the implementation of Agile methods within
their organisations. Furthermore, using Google and LinkedIn as the basis of a web
search when looking for participants may have led to a biased sample, as these
searches offer personalised results. Moreover, the majority of the participants
were part of the researchers’ personal network. While this allowed for targeting
potential participants based on perceived expertise, it could make replication of
the results of the study difficult.

Reliability: Only one person per discussed implementation was interviewed
with the exception of one case, in which two participants were interviewed. Cross-
checking claims by interviewing another person within the organisation could
make the results more reliable. During interviews, some participants were found
to take examples from previous experience on software development teams. When
talking about Agile methods, it may be difficult for participants to separate
their experience outside the software development context from their experience
within IT. We tried to mediate this issue by reminding the participant during
the interview that the main focus was on applications outside software develop-
ment, if we noticed that a participant gave an example that clearly related to
software development. However, we cannot guarantee that this solved the issue
completely, as we asked participants questions about their experiences which
they had to answer based on memory and interpretation.

6 Conclusions

Based on interviews with 18 experts, we came to a number of conclusions involv-
ing the use of Scrum and of Agile methods in general. Firstly, we identified those
organisations applying Scrum in six domains (marketing, sales, communication,
education, human resources and research projects). Secondly, we present, based
on our cases and the enablers as identified by Conforto et al. [5], characteristic
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enablers for the successful application of Scrum in non-IT environments. Thirdly,
we identified the most applied practices that were used in successful Agile imple-
mentation outside of IT (iterations in short frequencies; daily Scrum (Stand-ups),
retrospectives, Sprint planning, Sprint review and backlogs). And fourthly, we
identified four fields where, potentially, Agile methods could be applied (man-
agement, business and financial; computer, engineering and science; education,
legal, community service, arts and media; and healthcare, practitioners and tech-
nical).

In addition, we found that companies and departments were often inspired by
the success of Scrum in IT environments, and that while participants perceived
that retrospectives were important, this ritual was often neglected [8]. Finally, we
conclude that there is a strong potential for Agile project management expanding
into domains yet untouched by this management method (including in domains
not mentioned in this study). As organisations are inspired to implement Agile
methods, we would like to invite researchers and change agents to actively apply
Agile project management to new domains through action research and exper-
iments, thus breaking down barriers to the future global expansion of Agile
methods and techniques.
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