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Abstract. Agile practices are popular within software development. But when
applied to large projects with many teams, coordination challenges arise. The
projects working title “Coordination in large-scale agile software development:
An investigation of coordination mechanisms, communication, roles, autonomy
and interdependencies” summarizes the main topics of investigation. While all
theoretical and analytical approaches to the data material is not yet determined, I
have already started fieldwork in one company which will serve as a main
longitudinal case, with more to follow as the project proceeds. Initial fieldwork
has revealed that there are differences in how agile teams coordinate their work
across teams. I will continue to explore these differences. End goals of the
project include to identify success criteria for coordination in large-scale agile
software development projects.
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1 Introduction

The main objective of this PhD project is to contribute to successful software devel-
opment projects in the digital age, through contributing to a better understanding of
coordination in large-scale agile software development projects. There is a recognized
need for more research on how to adjust agile practices to large-scale contexts [1–4]. In
particular, there is a need for more knowledge on coordination in autonomous agile
teams in large-scale settings [3, 5, 6]. Here, I have the opportunity to study large-scale
agile projects in a Scandinavian context, where companies seek inspiration from
companies like Spotify and Ericsson.

This paper is organized as follows: Sect. 2 outlines some of the relevant back-
ground and related work on large-scale agile software development as well as some
theoretical approaches to coordination. In Sects. 3 and 4 I present my preliminary
research objectives and research design, while Sect. 5 outlines the next planned steps
for the research project.
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2 Background and Relevant Work

2.1 Large-Scale Agile Software Development

Agile teams are autonomous and cross-functional in nature, where team members are
assumed to make their own decisions and utilize their competence across different
organizational functions and roles. This is thought to contribute to a flatter organiza-
tional structure with increased empowerment and participation, assumed to contribute
to more efficient decision-making [6–9].

Despite that agile methods originally were intended for smaller team projects [10],
and primarily has been successful in small teams [3], the practice of using agile
principles and techniques has spread to include large-scale projects and organizations
as a whole [9, 11]. At the same time, the research community on agile software
development called out the need for a unified framework for understanding large-scale
agile software development [12]. As a response to this, a taxonomy of scale for agile
software projects was developed, where small-scale agile software development
includes one team only, large-scale from 2–9 teams, and very large-scale from 10 teams
and up [12].

When scaling up agile, several challenges arise, such as coordination between
teams, stakeholder management and keeping to the agile principles [1, 3, 5]. One
challenge with applying agile to large-scale is that there is a lack of a common, agreed
upon understanding of agile working methods [13]. Rather, agile can be understood as
a set of values, principles and practices, that may be implemented in more or less
successful ways. As such, there may be great differences in how large-scale agile is
implemented [14], and finding consistent results from large-scale agile may be difficult
[13]. Initial fieldwork supports these observations. In Berntzen et al. [15] we discuss
how differences in Product Owner coordination may be related to that teams in the
large-scale case program under study may freely choose among agile methods, in other
words, they do not work consistently with one agile approach.

Another challenge is related to how large-scale frameworks, such as the Spotify
model, Large-Scale Scrum and the Scaled Agile Framework may affect large-scale
coordination. Such frameworks are gaining in popularity, but there is still a need for
more academic research on such practices, as there is little research supporting that
agile principles can be directly applied to all organizational processes without adjust-
ment or tailoring [1, 14, 16].

Among the many challenges inherent in the successful implementation of large-
scale agile coordination appears to be a key issue. Dikert et al. [1] identify inter-team
coordination as one of the major challenges in need of more research. Coordination,
often defined as the managing of interdependencies [17] is recognized as important
across literatures on software engineering, information systems, organization and
management [26], and theories on coordination has been developed [4, 17]. While
researchers have started exploring coordination in large-scale agile [1–3, 5, 16, 18, 19],
there are still many open questions in need for further investigations.
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2.2 Coordination Theories

Coordination Theory
Malone and Crowston [17] developed an interdisciplinary, broad-based theory of
coordination, known today as Coordination Theory (CT). In their seminal paper,
Malone and Crowston [17, p. 4] defined coordination as a process of “managing
dependencies between activities”. CT is based on ideas from organization theory,
management, economics and computer science [4]. The basic tenet of CT is that
complex organizational systems are made up of dependencies (such as shared
resources, task interdependencies, simultaneity constraints and relationships with cli-
ents, each with different sub-dependencies), which constrain situational action, and thus
must be coordinated. Coordination then, is made up by various coordination processes
and mechanisms which each address one or more dependencies in a situation [17].
What these processes and mechanisms are and how they work vary with the context. In
the context of large-scale agile software development, they can include for instance
scheduled and unscheduled meetings, artefacts and physical settings [4, 20]. These
mechanisms may facilitate action constrained by the dependencies, however, the in the
large-scale setting, perhaps the mechanisms themselves may also both enable and
constrain coordinated action?

CT has contributed with a much-cited definition of coordination, a modelling
framework for analyzing coordination in complex processes and providing a beginning
of a typology of dependencies and coordination mechanisms [21]. However, it does not
provide any propositions or testable hypotheses [17, 21]. In a ten-year retrospective of
CT research, future research to develop testable hypotheses from CT is encouraged, for
instance about the generality of coordination mechanisms and more structured
approaches to evaluate alternate coordination processes [21].

Despite the limitations of the theory in terms of lack of causal explanations and
testable hypotheses, CT has proved a useful theoretical framework for the study of
coordination. In the IS field, CT has been used in particular in software engineering and
systems design, where researchers have noted the importance of coordination chal-
lenges and the potential for computer systems to help groups and teams collaborate
better [21]. In the context of agile software development, CT has been applied by
Strode and colleagues [4], who used the theory as basis for their own development of a
theory of coordination in agile development.

The Theory of Coordination in Agile Development
To take advance theory and research on coordination in agile SD further, Strode and
colleagues [4] build on Coordination theory but extended with a theoretical model and
a total of eight testable propositions. In particular, this theory proposes that effective
coordination in agile settings are comprised of coordination strategies contributing to
coordination effectiveness. Coordination strategies are defined as a group of coordi-
nation mechanisms that manage dependencies in a situation. They consist of three
components; synchronization, structure and boundary spanning activities and artefacts
that contribute to overall coordination effectiveness [4].

Coordination in Large-Scale Agile Software Development 125



Coordination effectiveness, in turn, consists of explicit and implicit effectiveness.
Explicit coordination effectiveness emphasizes the physical objects (both persons and
artefacts) involved in the project. For explicit coordination effectiveness to occur, the
required object needs to be in the right place, at the right time and in the right state so
that is “ready for use” as perceived by each individual involved in the project [4, 17].
Having the right tools in place to conduct a video meeting or having available
developers to take on new tasks as they flow from a different team can be examples of
this type of explicit coordination effectiveness. Implicit coordination effectiveness on
the other hand, relates to coordination that occurs within work groups without explicit
passing of messages. The authors further posit that implicit coordination consists of five
components; “knowing why”, “knowing what is going on and when”, “knowing what
to do and when”, “knowing who is doing what” and “knowing who knows what”. In
other words, implicit coordination requires a high degree of shared goals and under-
standing both of one’s own and others knowledge [4]. In relation to agile development,
where the team is central [22], implicit coordination in terms of shared knowledge
indeed appears important to overall project effectiveness.

Importantly, in this theory, these are considered outcomes resulting from the
coordination strategy. The theoretical model proposes that there is a causal relationship
between an agile coordination strategy and project coordination effectiveness; if the
strategies are well implemented, coordination is more effective. This in turn, is pro-
posed to contribute to the agile software development project success [4]. In addition,
they propose that project complexity, uncertainty and organization structure may affect
the coordination strategies, but they did not test this while developing the theory.

Despite its clear relevant to the study of coordination in agile development, this
theory is difficult to readily apply it my PhD project because it considers intra-team
coordination and does not consider the multiple team aspect and inter-team coordi-
nation, which may introduce important constraints to effective coordination. In order to
apply their theoretical model to large-scale agile development, it could be necessary to
expand the model to include elements such as for instance team size, number of teams,
number of functional elements involved in the project as well as differences in team
autonomy in their usage of agile methods and choice of technologies across teams.
Accordingly, one route may be to further develop the theory to account for scale.
Another route is to look further into theories that may take into account the multiple
team aspect, and the various differences these entail, through focusing on the coordi-
nation process itself through a relational lens.

Relational Coordination Theory
Relational Coordination Theory (RCT) [23] represents a third theoretical perspective on
coordination. RCT originates in the organization studies field from research conducted
in the airline industry in the 1990s [23], where Gittell observed substantial difference
between companies in the extent to which the employees shared collective goals and
knowledge towards the overall work process and outcome. Today, RCT is an estab-
lished and empirically validated theory, and has been studied in various (non-agile)
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large-scale settings, most notably in the airplane, health and education industries [24]1.
RCT has recently been picked up by Information Systems researchers [25–27], how-
ever, it appears it has not yet been applied in large-scale agile development.

Relational coordination is defined as “a mutually reinforcing process of interaction
between communication and relationships carried out for the purpose of task integra-
tion” [28]. These relationships can be between individuals, roles or even departments
and organizations. According to RCT, relationships provide the necessary bandwidth
for coordinating work in settings with that are highly interdependent, uncertain and
time-constrained. Effective coordination in these settings is carried out through rela-
tionships of shared goals, shared knowledge and mutual respect. These, in turn, are
theorized to be mutually reinforced by high-quality communication (that is, frequent,
timely, accurate and problem-solving communication). It is interesting to note that
these assumptions bears resemblance to Strode et al.’s implicit coordination effec-
tiveness [4] described in the above section. The resulting positive relational context
enables a well-coordinated process with less wasted effort [23]. Finally, an assumption
of RCT is that relational coordination has is stronger in more horizontally designed
organizational structures [29]. Because large-scale agile software development pro-
cesses are also typically characterized by high levels of interdependence, uncertainty
and time pressure, in combination with other coordination theories, I believe RCT is an
interesting lens for studying coordination in large-scale agile development.

Further Theoretical Considerations
Although the above presented theories all can contribute to the understanding of
coordination processes in large-scale agile, it is still necessary to focus not only on the
social and human aspects of coordination, but also the role of the product under
development and the technologies being used during the development.

All three coordination theories offer some concepts that address coordination in
large-scale agile development, however the role of large-scale itself, as well as the
potential implications of both the technology being used for coordination, and the
technology being developed is perhaps not fully addressed. In order to fully accom-
modate these theories to be relevant for large-scale agile development, and to make
valuable theoretical contributions to IS and SE fields, it may be relevant to draw on
other theories and concepts. As one overarching project goal is to address how coor-
dination mechanisms are used in and across teams, and as initial fieldwork has indi-
cated that teams in large-scale agile projects coordinate differently [15], it is important
to address how different coordination mechanisms may be used in different ways. To
this end, I believe that other theories and concepts from the IS field, such as
sociotechnical systems perspectives, affordance theory [30] and/or the concept of
boundary objects [31] could help me understand how teams go about using agile
practices and tools differently, depending on their needs and goals, and how this in
turn, may reinforce differences through the different action possibilities offered by e.g.
technological communication tools, meetings and physical artefacts used in agile
activities [32].

1 A full overview of research results from this line of research is beyond the scope of this paper. See
for instance [24], an overview of research and future directions of RCT.
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Getting the theory right is a substantial task in a PhD project, and a task I will direct
much attention to in the time to come. However, as I will continue to explore how RCT
may inform my research project, I will explore recent literature combining RCT with
approaches taking into account the role of the technology itself. For instance, Clagett
and Karahanna [26] explore the role of relational coordination in digitally mediated
work processes and focus in particular on distributed information exchanges for
dependency management and the role of boundary spanners in facilitating digitally
mediated coordination. Bozan [25] applied RCT in an empirical investigation of col-
laboration and creative group problem solving in a virtual, distributed team environ-
ment and found that RCT’s elements of high-quality relationships and high-quality
communication did have a positive impact on creative problem-solving in distributed
teams.

In the further development of my PhD project, I will look into these and other
theoretical approaches to identify the best suited approach to understanding coordi-
nation in large-scale settings.

3 Research Objectives and Preliminary Research Questions

The main objective of the project includes identifying success criteria for coordination,
such as how to handle interdependencies, enable good communication and better
autonomous team-work processes in large-scale agile software development projects.
The final output will be a dissertation in the form of an article collection with con-
ference and journal papers.

To gain more understanding about the topics outlined above, I will explore in a
field setting research questions such as:

• How are coordination mechanisms used in and across large-scale agile software
development projects?

• How do Product Owners coordinate work in large-scale agile software development
[15]?

• Which interdependencies operates in and across teams in agile software develop-
ment projects and what challenges do they pose for team efficiency?

• What is the role of written communication in large-scale agile coordination?

Some of these research questions may be too broad in their current form. Therefore,
they will be reworked as the empirical studies are conducted.

4 Research Design

To address the research questions, I primarily plan to use qualitative research methods
in a longitudinal case study. The case study approach was chosen because case studies
provide depth and detailed knowledge [33] and there is little research-based knowledge
about how POs coordinate work in large-scale agile. Data will be collected in the field
from several companies associated with the Autonomous teams-project (A-teams) in
collaboration with SINTEF.
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The data collection methods will include participant observation, individual and
potentially group interviews, document analysis [34] and surveys [35]. Collecting a
rich data material that can be analyzed in different ways to gain a broad understanding
of the research topic and to address the outlined research questions.

4.1 Case Description

I have conducted field work in a large-scale agile development program, referred to as
the PubTrans program, since September 2018. The data so far has been collected from
a large-scale case in which almost the whole development program is co-located and
working with agile development methods. The program started in 2016 and aims to
develop a new platform supporting public transportation.

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 product. The PubTrans program can thus be
classified as very large-scale agile [12, 36]. 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 may choose freely how they solve their
tasks and may rely on agile methods of choice. As such, there is no one unified agile
approach across the teams.

I spend 1–2 days a week there, observing how they work and attend in particular
inter-team meetings. In addition, twelve interviews were conducted in October 2018,
with a focus on the Product Owner role, and one interview with a team leader was
conducted April 2019. More interviews, with more roles, are planned the coming fall.
In addition, I have access to a wide range of written documentation, including Slack
logs, Confluence pages and company wiki.

Based on the data collected so far, one conference paper has been presented and
published [15]. This paper explores through an RCT lens how Product Owners coor-
dinate within and across agile software development teams in a large-scale public
sector program in Norway. Data collection in this program will continue throughout the
PhD research project, with supplemental data collection in other companies to follow at
a later stage.

In addition to my own presence at the PubTrans program site, one of my super-
visors are taking an active part in the fieldwork conducted there. In collaboration, we
make sure to provide the program with regular feedback and keep them well informed
about the research progress. Whenever a paper is written and sent for review, they are
given opportunity to review and approve the data used and results presented, and are
offered opportunities to contribute also in terms of co-authoring. Nurturing a good
relationship with the case organization is seen as highly valuable for both parties.

All in all, the PubTrans program proves an increasingly valuable case to work with.
My access to data is good, and the processes and changes we observe them doing
proves interesting and worthwhile of continuous focus. Initially, I planned to include at
least three company cases, devoting approximately the same amount of time and efforts
to each of them. However, over the past months I have decided that the PubTrans

Coordination in Large-Scale Agile Software Development 129



program should serve as the main case for a longitudinal, in-depth case study which
can provide rich empirical insights into the research topic [33].

Despite the advantages of longitudinal case studies, there is an inherent trade-off in
terms of potential lack of generalizability to other companies and settings [33, 37].
Here, researchers need to weigh the benefits and disadvantages against each other in
making a decision. As one means to improve generalizability to other settings, towards
the end of the data collection, I will collect supplemental data from other companies I
have access to. This data collection will not be as detailed as that of the PubTrans
program, however it may serve to cross-check some of the observations and findings
into other settings to see if there are great similarities or differences from the PubTrans
program to other settings. Of course, no two organizations are alike, so differences are
likely to observed. Nevertheless, it is thought worthwhile to do such additional data
collection to strengthen my findings.

4.2 Validity Issues and How to Address Them

In terms of validity, which threats and how to control them depends on the research
method. For qualitative methods, researcher bias is important to address. I intend to rely
on data triangulation, using both interviews, observation and document analysis. Tri-
angulation generate more substantial data, addressing the topics under study from
different angels [33]. Further, the analysis of the qualitative data material will involve
textual coding. I will use programs such as Nvivo 12 for organizing the codes and
conducting the analyses, however, bias and validity threats are prevalent when coding
data. Own preconceptions on behalf of the researcher and fatigue are only two of these
threats. Further, as much of the analyses will be conducted at least partly in collabo-
ration with others, I will make sure to assess the inter-rater reliability for the analyses to
try to assure coding reliability and validity. My supervisors have strong expertise in
qualitative research methods, and they will help me ensure validity is sufficiently
addressed.

5 Current Research Status and Next Planned Steps

This research project is still in an early phase, and despite the encouraging outset, much
remains to be done. In this section, I will describe some of the outstanding issues that
should be clarified as I proceed with the research project.

First, the literature on agile software development is already substantial, and the
literature on large-scale agile is growing. As I continue to go through these bodies of
literatures, I will conduct a literature review to gain a fuller overview of the current
state of research on coordination in large-scale agile software development. Here,
examining both research papers and the practitioner literature may be a worthwhile
endeavor, as there is a substantial practitioner literature within this field.

Second, I will work further on the scope of my research, as it is still somewhat too
broad. This includes further delineating the theoretical approaches as well as narrowing
down the focus of my research questions. While I will continue exploring the usability
of RCT as a theoretical lens for understanding coordination in large-scale agile, I will

130 M. Berntzen



need to pin down how theory can inform my understanding of how technologies used
during development, as well as the product under development, affects coordination.

Finally, I am already planning to collect enough data to allow me to carry on with
my research also after the completion of the PhD research project. As described above
in Sect. 4, I plan to collect survey data that can be analyzed quantitatively. Much
research in the SE field and on large-scale agile is qualitative, which makes it inter-
esting to see whether quantitative research can bring new insights. I have an interest in
both types of research. Before starting my PhD, I have also conducted quantitative
research based on surveys from another research project. These studies explore dis-
tributed, autonomous teams in relation to their coordination under conditions of dif-
ferent levels of initiated and received task interdependence [38] and in relation to how
distributed team members perceive certain leadership styles [39]. Continuing such lines
of research in a large-scale agile setting could be an interesting future research project.

However, as it can be argued that qualitative studies are more suitable when
exploring new grounds [33], I will conduct qualitative research for the PhD project and
potentially supplement with quantitative studies at a later stage in my career. In con-
clusion, doing research on coordination in large-scale agile software development is an
exciting endeavor. Many challenges lie ahead as this PhD project continues; however, I
remain optimistic about the future and look forward to tackling these challenges as they
unfold.
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