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Abstract

Agile methodologies initially applied in individual software development teams at a small
scale, have gained great popularity over the years. Many organizations seeking to stay up-to-
date with ever-changing technological requirements and market dynamics have adopted agile
ways of working to meet the needs of the business world and stay competitive. Although
these methods were originally designed for small-scale teams, the proven success of such
adoptions inspired many organizations to scale agile beyond individual teams so that their
benefits can be reaped in larger contexts. However, due to their complex nature, the resulting
large-scale agile software development environments can bring potential challenges regarding
various practices, including knowledge sharing and coordination. Despite the structures
that large-scale agile frameworks aim to provide to make the transition to larger scales
smoother, they are still not sufficient to address the variety of challenges inherent to the large-
scale agile software development contexts. Therefore, studying through which mechanisms
knowledge sharing and coordination occur, which factors influence their efficiency, and in
which contexts they appear in large agile organizations remains crucial. Although several case
studies investigate knowledge sharing or coordination in large-scale agile settings, the existing
literature is scarce in terms of going beyond individual organizations and providing a broader
overview. To fill this gap, this thesis conducts a systematic literature review and an interview
study and combines their findings to identify the relationships between various mechanisms,
barriers, facilitators, and their application contexts. The systematic literature review provides
the foundations, identifies the existing gaps within the topic, and draws certain conclusions to
be assessed. Then, the interview study identifies a set of knowledge sharing and coordination
mechanisms, a variety of barriers to and facilitators for their efficiency, and the contexts in
which they tend to appear in large-scale agile environments. Further, it explores certain
findings of the systematic literature review to assess their generalizability in practice. Then, the
thesis outlines the key findings and provides a potential perspective for future research. The
results indicate that knowledge sharing and coordination activities and the factors affecting
them in large-scale agile organizations are tightly coupled, and the identified barriers and
facilitators are interconnected.
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1. Introduction

1.1. Motivation

Agile methodologies, which were initially applied in individual software development teams,
have been quite successful and have gained great popularity over the years since the initial
launch of Agile Manifesto [1] in 2001 [2] [3]. Many organizations have adopted an agile way
of working in their teams to be able to stay competitive in the market where customer needs,
technological requirements, and the market itself change rapidly [4] [5]. Even though the
agile methodologies were designed for small-scale teams [6] [7] [8], the proven success of such
adoptions inspired organizations to scale agile principles beyond individual teams so that their
benefits can be reaped in larger contexts [9]. Some large-scale Agile frameworks have been
introduced, such as SAFe [10] and LeSS [11], to ensure that the organizations aiming to scale
agile methodologies to a larger extent can follow a structured approach with prescribed roles,
rules, and best practices [10] [11]. Regardless of whether these frameworks are applied or not,
scaling agile beyond individual teams has brought a variety of challenges to organizations
[12]. Due to the complex nature of communication between multiple teams working towards
a united goal and the potential introduction of new organizational structures bringing people
with different backgrounds and skill sets together, maintaining an efficient way of knowledge
sharing and coordination among the cross-functional team members emerges as a challenge in
front of the successful application of agile practices at large-scale, even if they were previously
implemented at the team level seamlessly. Therefore, investigating the means for effective
knowledge sharing and coordination in a large-scale context is essential.

Existing literature covers the topic of knowledge exchange and coordination in large-scale agile
environments by mainly focusing on individual case studies in which a single organization is
investigated in detail. While these studies provide a solid background regarding the research
area, their results face certain validity threats due to the characteristics of case studies in
general [13]. As a result, drawing generalizable conclusions becomes infeasible. In addition,
some such studies concentrate solely on a specific aspect of the topic, such as Scrum-of-
Scrums [14], rather than elaborating on what means and organizational structures are used
to realize effective knowledge sharing and coordination. Thus, an extensive overview of the
mechanisms used for knowledge exchange and coordination, as well as the hindering and
facilitating factors for them in large-scale agile settings is lacking in the literature. This thesis
aims to fill this research gap by shedding light on how knowledge sharing and coordination
take place in large-scale agile organizations, which organizational structures and means are
available for effective knowledge sharing and coordination, what barriers and facilitators are
observed in such settings, as well as the benefits, trade-offs, and application contexts of the
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1.2. RESEARCH QUESTIONS

mechanisms.

1.2. Research Questions

In light of the above-mentioned motivation and research goals, this thesis is organized to
answer the following three main research questions:

Research Question 1: How do knowledge exchange and coordination take place
in large agile organizations, and which mechanisms are used for this purpose?

The first research question addresses the importance of knowledge exchange and coordination
fundamentals by inquiring how they occur in large-scale agile setups. This is particularly
essential as answering it provides the first steps towards achieving a broad overview of the
mechanisms in use.

Research Question 2: What are the barriers to and facilitators for effective
knowledge sharing and coordination in large agile organizations?

Scaling successfully applied agile practices to a larger extent brings a diverse set of challenges
in terms of knowledge sharing and coordination [12]. In order to gain a deeper understanding
of these challenges as well as what factors might worsen or mitigate them, the second research
question centers upon the barriers in front of efficient coordination and knowledge sharing
in large-scale agile organizations, together with the potential facilitators that enable efficient
knowledge sharing and coordination.

Research Question 3: What are the benefits, trade-offs, and application contexts
of knowledge exchange and coordination mechanisms in large agile organizations?

Finally, the third research question investigates what potential benefits and problems each
mechanism potentially brings, and which mechanisms are useful in which contexts to enable
effective knowledge sharing and coordination in large-scale agile organizations. Answering
this research question is critical to understand the application areas of the available means
and to put them into a certain context.

1.3. Research Approach

To answer the above-mentioned research questions, this thesis combines two research ap-
proaches: a systematic literature review and a set of semi-structured expert interviews.

A systematic literature review is a scientific methodology for identifying and assessing all
existing research related to a particular topic. Applying it thoroughly enables researchers to
spot research gaps in their topic of interest and to draw fair conclusions about their research
area [15]. For this thesis, besides the conclusions drawn from the systematic literature review,
it is also important to identify the gaps in the existing research to design the interview study
in a way that helps to fill those gaps. Further details about the systematic literature review
approach undertaken in this thesis are discussed in Chapter 4.

2



1.4. STRUCTURE OF THE THESIS

In the second part of this study, semi-structured expert interviews are conducted. The term
semi-structured refers to the nature of the interviews in which the interview partners are
asked a set of predefined open-ended questions throughout each session, but the order
and the exact wording of the questions are flexible, and additional follow-up questions are
possible depending on the answers received [16]. These interviews search for answers to the
research questions further by getting practical insights from the experts in the field without
omitting the obtained results and the identified gaps during the systematic literature review.
In this way, the two parts of the study are aimed to complement each other by combining the
theoretical foundations and the practical insights. Further details about the semi-structured
interviews are presented in Chapter 5.

1.4. Structure of the Thesis

The outline of the remainder of this thesis is as follows: Chapter 2 provides a brief overview
of the concepts that are relevant to the thesis including the introduction of agile, agile
frameworks, scaling agile, large-scale agile frameworks, knowledge sharing, and coordination.
Chapter 3 introduces some of the relevant publications in the literature that are related to the
objectives of this thesis. Chapter 4 explains how the systematic literature review is conducted,
while Chapter 5 demonstrates the steps of the interview study and provides descriptive study
data. By combining the findings from the systematic literature review and the interview study
analysis, Chapter 6 presents the results of this thesis including the identified mechanisms,
barriers, and facilitators for effective knowledge sharing and coordination in large agile
organizations. Chapter 7 summarizes the key findings of the thesis, discusses the results,
and reflects on the key limitations. Finally, Chapter 8 provides a brief summary and closing
remarks for future research.
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2. Foundations

This chapter establishes the groundwork for this thesis by introducing the fundamental
concepts that are highly relevant to this study. Section 2.1 describes the emergence of the
agile methodology and the Scrum framework, while Section 2.2 focuses on the attempts to
scale agile and the associated challenges. In Section 2.3 and Section 2.4, knowledge sharing
and coordination in non-agile, agile, and large-scale agile settings are described.

2.1. Agile Methodology

Traditional software development methods rely on thorough planning, prior specifications,
and heavyweight processes [17]. In today’s software development environments, these
methods are highly challenged by fast-changing ecosystems and requirements for successful
software development practices [18]. On the contrary, agile software development method-
ologies offer a lighter-weight, faster, and nimbler software development process [19]. They
follow an incremental delivery approach and aim to reduce overhead tasks and planning
efforts to cope with the unpredictability inherent to the software development process [20].

The first agile initiatives began in the nineties with the introduction of several lightweight
frameworks in software corporations [21]. Since then, many organizations have adopted
agile approaches, especially after the declaration of the Agile Manifesto [1] in 2001. This
section describes the Agile Manifesto and the emerging agile methodologies and frameworks.
Upcoming sections describe the attempts to scale them to larger contexts, define knowledge
sharing and coordination, and their applications in large-scale agile environments.

2.1.1. Agile Manifesto

In 2001, a group of twelve people officially declared the Agile Manifesto containing four values
and twelve principles [1]. These fundamental values and principles are demonstrated in Table
2.1 and Table 2.2. As the keystones of the agile methodologies, these values and principles
will be referred to throughout this thesis to establish connections between knowledge sharing
and coordination dynamics and the agile values and principles.

2.1.2. Scrum

In their publication in 1997, Schwaber [22] introduced Scrum as a development process that
increases flexibility and responsiveness to the ever-changing requirements of development
[22]. Later, they extended the methodology and provided specific insights for the domains of

4



2.1. AGILE METHODOLOGY

Values in the Agile Manifesto

Value 1 Individuals and interactions over processes and tools

Value 2 Working software over comprehensive documentation

Value 3 Customer collaboration over contract negotiation

Value 4 Responding to change over following a plan

Table 2.1.: Values described by the Agile Manifesto [1]

Principles behind the Agile Manifesto

Principle 1 Our highest priority is to satisfy the customer through early and continuous
delivery of valuable software.

Principle 2 Welcome changing requirements, even late in development. Agile processes
harness change for the customer’s competitive advantage.

Principle 3 Deliver working software frequently, from a couple of weeks to a couple of
months, with a preference to the shorter timescale.

Principle 4 Business people and developers must work together daily throughout the
project.

Principle 5 Build projects around motivated individuals. Give them the environment
and support they need, and trust them to get the job done.

Principle 6 The most efficient and effective method of conveying information to and
within a development team is face-to-face conversation.

Principle 7 Working software is the primary measure of progress.

Principle 8 Agile processes promote sustainable development. The sponsors, developers,
and users should be able to maintain a constant pace indefinitely.

Principle 9 Continuous attention to technical excellence and good design enhances
agility.

Principle 10 Simplicity – the art of maximizing the amount of work not done – is essential.

Principle 11 The best architectures, requirements, and designs emerge from self-
organizing teams.

Principle 12 At regular intervals, the team reflects on how to become more effective, then
tunes and adjusts its behavior accordingly.

Table 2.2.: Principles behind the Agile Manifesto [1]

5



2.2. SCALING AGILE

software development [23] and project management [24], and published extensive guidelines
[25] to define the borders of the methodology.

In Scrum, development is split into iterations called Sprints, typically lasting between two to
four weeks [25]. Sprints consist of four main events, namely Sprint Planning, Daily Scrum,
Sprint Review, and Sprint Retrospective [25]. Each Sprint starts with Sprint Planning in which
the tasks of the upcoming Sprint are discussed and decided jointly [25]. During the Daily
Scrum, which is a 15-minute event that takes place every day at the same time slot, team
members update each other regarding their progress and assess their current state toward the
product goal [25]. In the Sprint Reviews, the Scrum team reflects on the Sprint result [25].
Finally, Sprint Retrospective ends each Sprint and aims to look for ways to improve efficiency
for the upcoming Sprints [25].

2.2. Scaling Agile

The success of the agile methodologies gave rise to many attempts to use them in larger
contexts [9]. There is no unified definition of what large-scale exactly refers to, but experts
define large-scale by using a variety of different measures such as the number of developers,
the number of time zones, the size of the codebase, the number of teams, and many others
[26]. Throughout this thesis, we adhere to the definition that describes large-scale software
development as a development process in which multiple teams work on the same products
[26]. Although Dingsøyr et al. [27] further introduces the term very large-scale development
as a practice involving more than ten teams, our study does not distinguish between the two.
This section introduces popular large-scale agile frameworks, their main characteristics, and
the challenges associated with scaling practices.

2.2.1. Large-Scale Agile Frameworks

Inspired by the success of the small-scale implementation of agile methodologies, large-scale
agile frameworks such as SAFe, LeSS, and others aim to scale the benefits of team-specific
agile practices to larger contexts [10] [11] [28] [29]. This section briefly outlines some of the
most popular large-scale agile frameworks that are relevant for the remainder of this thesis.

Scaled Agile Framework (SAFe)

Scaled Agile Framework (SAFe), initially released in 2011 [30], is a system that enables
teams of teams, business units, and entire organizations to adopt agile at a larger scale
[10]. It builds on the basic agile principles and values [1] as well as the principles of Lean
Thinking by providing specific guidance for scaling in large, complex, distributed, or high-
compliance settings [10]. By doing so, SAFe extends existing agile principles and values from
the individual teams to the teams of agile teams and portfolios [10]. Like the Agile Manifesto
[1], SAFe also provides ten immutable Lean-Agile principles to inspire and inform the roles

6



2.2. SCALING AGILE

and practices prescribed by the framework [31]. Some of these principles are referred to in
the remainder of this thesis with their numbers as specified in Table 2.3.

SAFe Lean-Agile Principles

Principle 1 Take an economic view.

Principle 2 Apply systems thinking.

Principle 3 Assume variability, preserve options.

Principle 4 Build incrementally with fast, integrated learning cycles.

Principle 5 Base milestones on objective evaluation of working systems.

Principle 6 Make value flow without interruptions.

Principle 7 Apply cadence, synchronize with cross-domain planning.

Principle 8 Unlock the intrinsic motivation of knowledge workers.

Principle 9 Decentralize decision making.

Principle 10 Organize around value.

Table 2.3.: Principles of SAFe [31]

Designed to work in conjunction with the principles outlined, SAFe describes four different
configurations that are suitable for different organizations: Essential SAFe, Large Solution
SAFe, Portfolio SAFe, and Full SAFe [32]. Essential configuration describes two flows, namely
the Agile Release Train (ART) Flow that is governed by Product Managers, System Architects,
and Release Train Engineers, and the Team Flow that is handled by the agile teams [32].
ART refers to a team of agile teams that develops and delivers incrementally [33]. Solution
Train describes an organizational structure that is used to construct large solutions and
often contains multiple ARTs [34]. Large Solution SAFe extends the essential configuration
by introducing the Solution Train Flow, which is under the responsibility of the Solution
Managers, Solution Architects, and Solution Train Engineers. Portfolio configuration replaces
the Solution Flow in the Large Solution SAFe with Portfolio Flow handled by the Epic Owners
and the Enterprise Architects [32]. Full SAFe keeps both the Solution Train Flow and the
Portfolio Flow in the configuration [32].

7



2.2. SCALING AGILE

Large-Scale Scrum (LeSS)

LeSS is defined as a scaled version of one-team Scrum, maintaining most of the ideas in
one-team Scrum [11]. It is designed for up to eight teams of eight people each that work on a
single product backlog [11]. In LeSS, one Product Owner is delegated to maintain the entire
product backlog, and all teams share a common Sprint [11]. LeSS differentiates itself from
one-team Scrum mainly by encouraging an overall Product Backlog Refinement, an overall
Retrospective, observation of other teams’ Daily Scrums, and establishing a Sprint Planning
with two phases, including all teams in one phase and holding individual plannings in the
other.

The Spotify Model

The Spotify Model, published in 2012, is a scaled agile methodology used at Spotify to make
agile teams in multiple locations work harmoniously on a single product [28]. It introduces
the notion of Squads which are similar to the Scrum Teams, and the concept of Tribes that are
made of Squads [28]. In addition, it suggests the concept of Guilds, consisting of individuals
with a certain interest across all the Tribes [28]. In each Tribe, members that share a common
set of skills and specialties constitute Chapters [28].

Scrum@Scale

Scrum@Scale is a lightweight organizational framework that facilitates a network of teams
operating with the Scrum Guide to address complex problems while creating and delivering
products with optimal value [29]. Scrum@Scale does not restrict the product type and aims to
work equally well with digital, physical, or any other type of product [29]. In Scrum@Scale,
each team contains a peculiar Scrum Master and a Product Owner. It introduces the scaled
versions of the classical Scrum events, such as The Scaled Daily Scrum, and The Scaled
Retrospective, to orchestrate how each Sprint works [29]. Similarly, some variants of the roles
in Scrum are integrated into the framework to handle broader responsibilities, such as The
Chief Product Owner, who is responsible for coordinating the priorities in the Product Owner
Team and managing The Scaled Backlog Refinement and The Scaled Sprint Review [29].

Scrum-of-Scrums

Scrum-of-Scrums, or Meta-Scrum, is a construct that brings individuals from different Scrum
Teams together to collaborate and work towards the same product goals [35].

2.2.2. Challenges

Scaling agile to large-scale contexts is not a straightforward endeavor and brings various
challenges [36]. Uludağ et al. [36] conduct a structured literature review and classify
the arising challenges into eleven categories, including communication and coordination,
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2.3. KNOWLEDGE SHARING

knowledge management, tooling, geographical distribution, and software architecture. The
next subheadings briefly describe the most relevant categories to this thesis.

Communication and Coordination

Challenges arising in large-scale agile development environments regarding communication
and coordination include but are not limited to the coordination of multiple agile teams
working on the same product, establishing self-organization, and dealing with increased
efforts by establishing inter-team communication [36]. In addition, several other challenges
classified under different categories also directly relate to the coordination of agile teams,
such as coordinating geographically distributed agile teams and facilitating agile teams to
participate in cross-shore meetings, which are classified under the category geographical
distribution [36].

Knowledge Management

Facilitating shared context and knowledge, sharing a common vision, creating lightweight doc-
umentation, establishing a common scope for different stakeholder groups, and dealing with
internal silos are classified as the challenges arising in large-scale agile development contexts
regarding knowledge management [36]. Together with the above-mentioned coordination-
related challenges, this thesis investigates these challenges in more depth to identify the
contexts in which they are more likely to appear, the barriers causing them, and their potential
solutions by certain facilitating practices.

2.3. Knowledge Sharing

Knowledge is widely perceived as an organization’s most strategic resource, and its manage-
ment is seen as a critical factor for an organization’s success [37], and even as a significant
predictor of business performance [38]. Therefore, many researchers have investigated knowl-
edge sharing in various contexts to identify how it occurs, and in which ways it is enhanced
or deteriorated [37] [38] [39]. This section defines knowledge sharing and highlights the
related characteristics in agile and large-scale agile environments.

2.3.1. Definition

As a general notion, Helmstädter [40] defines knowledge sharing as the interaction between
human actors where the material is knowledge. It is mainly a natural process that occurs
automatically [38] and spontaneously [41], and it is subject to changes on an individual
level [38]. In the context of firms, knowledge sharing can be defined as the transfer of
skills, technology, and wisdom between the units of an organization [42]. It also represents
the collective beliefs or routines related to exchanging employee knowledge, experiences,
and skills across the organization [43]. It can take place between the individuals, within
and among the teams, within and among the organizational units, and within and among
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organizations [44]. Due to its variety of application contexts, it is a complex phenomenon with
many different aspects to investigate. This thesis focuses on its application in large-scale agile
contexts. To establish the foundations for the remainder of this thesis, the next subsections
demonstrate the groundwork and definitions in both agile and large-scale agile environments.

2.3.2. Knowledge Sharing in Agile

As outlined in Table 2.1, four values of the Agile Manifesto propose a new, agility-centered
way of prioritization compared to the traditional development approaches [1]. As an activity
that can occur at every organizational level [44], knowledge sharing is highly affected by such
a paradigm shift. By applying the reformative values and principles of the Agile Manifesto,
agile teams practice new mechanisms of sharing knowledge within their teams [25]. Therefore,
studying knowledge exchange in agile settings is crucial for understanding its influence in
larger contexts.

Agile methodologies support knowledge sharing within the team with various practices.
For instance, pair programming, release planning, iteration planning, and pair rotation help
team members to share their knowledge and expertise with their colleagues in Extreme
Programming (XP), while dailies, cross-functional teams, and retrospectives facilitate this in
Scrum [45, 46, 47]. However, the mode of knowledge sharing varies among different practices.
For instance, while Daily Scrum meetings facilitate knowledge sharing within the entire team,
pair programming facilitates knowledge sharing within a pair of developers [47]. In addition,
these practices do not suggest any specific knowledge sharing mechanism at organizational
levels.

2.3.3. Knowledge Sharing in Large-Scale Agile

As briefly described in Section 2.3.2, agile methodologies propose various mechanisms to
share knowledge effectively within the teams [25]. However, they do not offer a specific
solution for inter-team knowledge sharing [48]. As a result, the efficiency of the knowledge
sharing practices is highly challenged in large-scale settings because knowledge sharing
within the team is significantly easier than with colleagues beyond the team [49]. This is
particularly relevant for large-scale agile organizations where multiple teams must share
knowledge and align on the same goals to achieve their business goals.

Large-scale agile organizations attempt to tackle the problem of inter-team knowledge sharing
by introducing various mechanisms such as Scrum-of-Scrums, Communities of Practice, and
project member rotations [48] [49]. However, none of these mechanisms are challenge-free
[48] [49]. In addition, informal conversations and regular meetings still constitute a large part
of the knowledge sharing events even with the existence of explicit mechanisms for inter-team
communication [49]. This thesis explores how knowledge sharing takes place, which barriers
deteriorate its efficiency, and which facilitators enable more effective knowledge sharing
practices in large agile organizations.
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2.4. Coordination

This section defines coordination both as a general notion and from an organizational point
of view and highlights its relevant characteristics in agile and large-scale agile environments.

2.4.1. Definition

From a broad perspective, Bernstein [50] defines coordination as a problem of mastering a
very large number of degrees of freedom involved in a particular movement by reducing
the number of independent variables to be controlled [50]. Similarly, Mooney [51] describes
coordination as the methodical arrangement of a group effort to provide a unity of action in
the pursuit of a common purpose [51]. Even though these definitions are highly general, they
still contain the characteristics of organizational coordination in the sense that they emphasize
the importance of common goals and reducing obstacles.

From an organizational point of view, Mooney [51] further defines coordination as the first
principle of an organization [51]. They suggest that the other organizational principles serve
only as the means for facilitating coordination [51]. For Van de Ven et al. [52], coordination is
the activity that involves linking different parts of an organization to carry out a certain set of
tasks [52]. Based on the theory of organizations, they claim that the need for coordination
is fundamental to the organizations [52]. Camerer and Knez [53] argue that the need for
coordination arises when the success of an organization depends on the decisions taken by the
groups of individuals that make up the organization [53].In today’s world, where companies
can operate even at global scales, the decision-makers have the power to highly impact an
organization’s future, and the emergence of the need for coordination is therefore unavoidable.
As a result, the topic of coordination shows itself as a crucial field of study for researchers
studying the dynamics of organizations. Even before the agile methodologies came into sight,
coordination was considered a critical element of organizations and software development
practices [52] [54] [55]. To establish the foundations for the topic of this thesis, the next
subsections describe how coordination is handled in the contexts of agile and large-scale
environments.

2.4.2. Coordination in Agile

Similar to the reasons underlined for knowledge sharing, the way coordination occurs is
also highly subject to the principles and values suggested by the Agile Manifesto [1]. Value
1 in the Agile Manifesto, as depicted in Table 2.1, suggests prioritizing interactions over
processes and tools. Principles number 4, 5, 6, 11, and 12 listed in Table 2.2 provide direct or
indirect guidance about how coordination should take place, and prescribe the coordination
of business people and developers, face-to-face communication, self-organization, and self-
reflection for practicing effective coordination [1].

Agile methodologies attempt to facilitate coordination in agile teams through various practices,
such as Daily Standups, Sprint Reviews, and Sprint Retrospectives in the Scrum framework
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[25], and many others depending on the chosen agile framework. Similar to the previously
mentioned knowledge sharing mechanisms, the majority of the agile methodologies do not
explicitly describe how inter-team coordination should occur, even though certain constructs
such as Scrum-of-Scrums are proposed by the Scrum framework [14] [35].

2.4.3. Coordination in Large-Scale Agile

Large agile organizations use various mechanisms to coordinate beyond the team level. These
mechanisms include but are not limited to the implementation of agile processes within the
organization, usage of documentation and planning tools, and open work areas [56]. Similar
to the knowledge sharing mechanisms, none of these practices are challenge-free, and the
informal mechanisms such as ad-hoc meetings as well as the regular meetings like Daily
Standups still constitute an important part of the coordination efforts in large-scale agile
organizations, even if they are not introduced explicitly to facilitate inter-team coordination
[56]. This thesis investigates these mechanisms to elaborate more on how coordination
takes place and identifies the associated barriers and facilitators for effective coordination in
large-scale agile environments.
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3. Related Work

This chapter outlines some of the existing publications that are highly relevant to this thesis
and their contributions to the different aspects of the topic.

Paasivaara et al. [14]

Paasivaara et al. [14] study the topic of inter-team coordination in large-scale Scrum envi-
ronments by focusing on a specific type of meeting, Scrum-of-Scrums. As they emphasize,
it is the only mechanism proposed by the Scrum methodology for inter-team coordination
[35]. Based on two case projects and 58 expert interviews with product owners, architects,
developers, testers, and managers, they argue that Scrum-of-Scrums severely fails to meet the
needs for effective coordination in large-scale Scrum projects due to the wide audience, in
which keeping everybody interested is highly challenging [14]. They further demonstrate that
the meeting participants mostly did not know what information was valuable for the other
teams, and therefore, they usually ended up not reporting anything in these meetings [14].
To tackle these problems, one of the projects introduced feature-specific Scrum-of-Scrums
meeting which was observed to work better according to the researchers [14].

Bick et al. [17]

Bick et al. [17] investigate a specific type of coordination challenge emerging in large-scale
software development teams with a case study conducted at a global enterprise software
company [17]. In their research, they specifically focus on the hybrid approaches that apply
traditional coordination strategies between the teams and agile methodologies within the
teams [17]. Based on 23 semi-structured expert interviews conducted with product owners,
scrum masters, a chief product officer, and a lead architect, they argue that ineffective
coordination results from the lack of dependency awareness among the team members [17].
Further, they propose that dependency awareness can be achieved by aligning planning
activities such as specification, prioritization, estimation, and allocation, resulting in more
effective coordination [17]. However, their research does not include various other challenges
that might impact coordination in similar contexts.

Santos et al. [48]

Santos et al. [48] focus on inter-team knowledge sharing effectiveness in agile software
development organizations [48]. By using grounded theory and analyzing the data collected
from four Brazilian organizations and one agile expert, they propose a conceptual model that
explains how knowledge sharing between agile teams is related to purposeful practices and
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organizational conditions [48]. The resulting model demonstrates that effective inter-team
knowledge sharing in large-scale agile contexts cannot be achieved solely by applying a list
of defined approaches, rather it is important to create a sustainable context where the entire
process is implemented agile [48].

Stray at al. [57]

Stray et al. [57] investigate the topic from a specific perspective by narrowing it down to the
usage of virtual communication tools for coordination and knowledge sharing in large-scale
agile organizations [57]. For this purpose, they conduct a case study at a large software
company producing software for the engineering field [57]. From 30 team members who are
distributed across different sites, they collect chat logs that amount to roughly 30,000 messages
between the team members from the virtual communication tool Slack1 [57]. In addition,
they conduct some unstructured interviews and observe some of the retrospective meetings
at the organization [57]. By analyzing the data, they identify challenges such as language
differences, unbalanced activity, too much usage of direct messaging, and insufficient setup
of the channels [57]. Moreover, they also demonstrate that Slack facilitates building team
awareness, which is significantly relevant for dependency awareness introduced by Bick et al.
[17] as a necessity for effective coordination [57]. Even though the study provides relevant
insights about our research topic, it is only limited to one tool, Slack, and therefore, lacks a
broader overview of virtual communication practices in general.

Dorairaj et al. [58]

Dorairaj et al. [58] describe how Agile teams collect, store, share, and use knowledge in
the context of distributed software development teams [58]. Based on 45 expert interviews
from 28 different companies in the USA, India, and Australia, using the grounded theory,
they categorize the factors that promote effective knowledge management under four main
categories, namely knowledge generation, knowledge codification, knowledge transfer, and
knowledge application [58]. For each category, they provide the facilitating factors for effective
knowledge management [58], which is highly relevant to the second research question of our
study, as described in Chapter 1.

Berntzen et al. [59]

Berntzen et al. [59] conduct a case study with 31 interviews and 25 participants consisting
of product owners, program managers, program architects, tech leads, and team leaders
[59]. Additionally, they collect Slack logs, Confluence documentation, and e-mails, and they
observe 9 different types of meetings on-site [59]. Using thematic analysis on the large
data obtained, firstly, they identify a total of 27 coordination mechanisms and categorize
them under three main categories, namely meetings, roles and artefacts, and tools [59].
Further, they divide each category into two and come up with a taxonomy with six classes as

1https://slack.com/
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follows: scheduled/unscheduled meetings, individual/team roles, tangible/intangible tools
and artefacts [59]. Secondly, they demonstrate that each coordination mechanism display
a combination of four key characteristics, namely technical, organizational, physical, and
social [59]. The results of the study provide a structured way of investigating coordination
mechanisms in large-scale agile organizations and an extensive list of such mechanisms with
their characteristics, which are important to understand the trade-offs and the applications
contexts of those mechanisms.

Yang & Wu [41]

In their study, Yang & Wu [41] investigate knowledge sharing as a general phenomenon
without restricting it to any specific type of organization [41]. Their approach differs sig-
nificantly from other publications outlined in this chapter in the sense that their research
relies on simulating knowledge sharing in an organization rather than conducting a field
study [41]. Besides demonstrating that knowledge sharing occurs spontaneously most of
the time, their results also show that regardless of the strategy followed during knowledge
sharing practices, the initial states of the actors are crucial for the overall knowledge sharing
process [41]. In addition, they propose a rewarding scheme that incentivizes knowledge
sharing in organizations and conclude that rewarding individual knowledge sharing actions is
more effective than periodic rewards adopted at the organizational level [41]. Although their
research does not specifically focus on agile environments, their results are highly relevant for
this thesis to shed light on the factors that facilitate knowledge sharing in such organizations.

Ghobadi & Mathiassen [60]

Ghobadi & Mathiassen [60] study the barriers to effective knowledge sharing in agile software
teams by considering the perspectives of the individuals [60]. Even though their study does
not focus on large-scale knowledge sharing, it elaborates on how barriers are perceived by the
relevant parties of the knowledge sharing process and how the variance of these perceptions
can be handled effectively [60]. Their results suggest that project managers primarily value
removing project setting barriers, while developers, testers, and user representatives are
interested in mitigating communication, organization, and team capability-related barriers
[60]. Additionally, they identify 37 barriers, categorize them across 7 types, and argue that
it is essential to take every party’s concerns into consideration in order to achieve effective
knowledge sharing among the team members [60]. These results are relevant to our study
to understand the dynamics of the barriers to knowledge sharing in larger agile settings, as
different perceptions of the same phenomenon can take place on the inter-team level with
some similar characteristics to the intra-team level.
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4. Literature Review

This part of the study follows the literature review procedures suggested by Kitchenham
[61]. As the first step, several digital databases to be queried have been identified to cover
the existing literature as comprehensively as possible. With their rich query options and
publications, Scopus1, IEEE Xplore2, and ACM Digital Library3 were selected as the main
sources of publications for the literature review part of the study. In addition, Google Scholar4

has been used to find several complementary publications that do not exist in the above-
mentioned databases. However, it is not used as one of the main sources, as the querying and
filtering options are highly limited compared to the others. One approach might have been
to consider only the top publications returned by Google Scholar, but the sorting algorithm
behind it is not fully known. Thus, it was not applicable to the systematic literature review
approach followed in this thesis.

Secondly, keywords have been identified to develop a search strategy that yields as many
relevant publications as possible. After an initial examination of the databases, the following
keywords have been observed to be the ones that are used the most to refer to large-scale
contexts: large, large-scale, scaling, scaled, inter-team, multiteam, distributed. It is important to
note that using the keyword distributed in the search string yields many studies focused on
distributed software development. However, since the distributed software development
environments can substatially vary in the setup and the size, it is not possible to classify all
of the resulting publications as relevant for large-scale without assessing them individually.
Therefore, some publications that do not involve large-scale characteristics have been elim-
inated after careful consideration. Still, the keyword has been kept in the search string to
obtain the relevant studies. The remainder of the keywords did not have the same issue and
returned large-scale relevant publications.

Similarly, the set of keywords to be included in the search string for knowledge sharing and
coordination have been selected as knowledge sharing, knowledge exchange, knowledge management,
coordination, and for agile contexts as agile, scrum. Even though the Scrum framework is
a subset of agile in general, it is by far the most used agile framework in the industry for
software development [62]. Thus, it is included in the search string to avoid missing any
publications that possibly mention Scrum instead of explicitly using the word agile.

1https://www.scopus.com
2https://ieeexplore.ieee.org
3https://dl.acm.org
4https://scholar.google.com
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Finally, inclusion and exclusion criteria have been identified to keep the search results relevant
to the study’s main goals. Since the Agile Manifesto was published in 2001, only the studies
after 2001 have been included. In addition, several other criteria have been selected regarding
the language and the accessibility of the papers. Table 4.1 summarizes the inclusion and
exclusion criteria followed in this literature review.

Inclusion Criteria

• Search string matching the title or the keywords

• Full text is accessible online

• Published after 2001

• Written in English

Exclusion Criteria

• Content not relevant to answer the research question

• Duplicates

Table 4.1.: Inclusion and exclusion criteria of the systematic literature review

The above-mentioned process of search strategy formulation resulted in the following final
search string, although the exact syntax of it differs in different databases:

("agile" OR "scrum") AND ("large" OR "large scale" OR "large-scale" OR "scaling"
OR "scaled" OR "inter-team" OR "multiteam" OR "distributed") AND ("knowledge
sharing" OR "knowledge exchange" OR "knowledge management" OR "coordina-
tion")

The queries were run with the search string above on the titles and the keywords of the publi-
cations in Scopus, IEEE Xplore, and ACM Digital Library. The keyword sections constructed
by the authors and the publications’ titles are observed to work well in determining if a study
is relevant to our search string. As a result, abstracts are omitted during the search because
of the high number of occurrences of widely used words such as coordination even when
the paper’s focus is completely different than what this thesis studies. After the removal of
duplicates, 102 publications were gathered in total, which was reduced to 59 after eliminating
the papers that did not fulfill the relevance criteria. The exact number of results from each
database is summarized in Table 4.2.
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Database Query Hits Inclusion Criteria Not Fulfilled Remaining

Scopus 91 2 89
IEEE Xplore 26 0 26
ACM Digital Library 44 1 43

Subtotal 158

Exclusion Criteria
- Duplicate removal -56
- Content not relevant -43

Total 59

Table 4.2.: Query results of the systematic literature review
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5. Interview Study

Conducting interviews is one of the most important data collection methodologies in qual-
itative research [16]. In this chapter, the interview study, which is conducted to obtain a
broad overview of the means, organizational structures, barriers, and facilitators for effective
knowledge sharing and coordination in large-scale agile organizations is presented. Section
5.1 describes the main objectives of the study. Section 5.2 demonstrates the steps taken during
the preparation phase before conducting the interviews and the questions that are asked to
the interview partners in order to find answers to the research questions described in Chapter
1. In Section 5.3, the interviews and the process of data collection are described. Finally,
Section 5.4 demonstrates how data analysis is performed.

5.1. Study Objectives

The main objective of the interview study is to portray the organizational structures and
mechanisms used in the industry for coordinating and sharing knowledge effectively, as
well as facilitating and hindering factors accompanying them in large-scale agile contexts.
Practical insights collected during the interview study are treated as a complementary part of
the knowledge obtained from the literature review in the search of answering our research
questions.

5.2. Study Preparation

Throughout this interview study, a semi-structured approach in which the interviewer has the
opportunity to modify the order and the wording of the questions has been followed [16], as
described in Chapter 1. In a study aiming to shed light on the broad overview of mechanisms
used, this approach is particularly useful to obtain the best possible results as it gives the
freedom needed for the interview partners to provide their experiences in an extensive
perspective without being fully restricted to a strict interview process. In addition, having
the opportunity to include follow-up questions in the interviews is essentially beneficial
while interviewing experts with various backgrounds and experiences so that their unique
perspectives on the topics can be explored more effectively.

In the light of this semi-structured nature, a set of key points have been identified to guide
the interview partners towards the right direction, i.e., to keep their answers relevant to our
research questions. The key points that are used in formulating the interview questions are
as follows:
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• Role(s) undertaken by the interview partner in large-scale agile environments

• Years of experience of the interview partner

• Defined roles and the teams’ setup in the large-scale agile context

• Size of the teams and the organization

• Product that the agile teams in question are/were working on

• Large-scale agile frameworks used in the organization, if any

• Tools used for knowledge sharing and coordination

• Knowledge sharing and coordination mechanisms used within the organization

• Observed barriers in front of effective knowledge sharing and coordination

• Structure of the organization and its effect on knowledge sharing and coordination, if
any

• Facilitating factors experienced for effective knowledge sharing and coordination

• Trade-offs of the knowledge sharing and coordination mechanisms used in large-scale
agile organizations

• Interviewees’ suggestions for enabling effective knowledge sharing and coordination,
or mitigating the effect of the observed challenges

Based on the initial findings obtained from the literature review, the interview partners are
also asked about the following topics to validate if the challenges and facilitators outlined by
the case studies in the existing literature have any generalizability:

• Pros and cons of working in a co-located or a remote setting regarding knowledge
sharing and coordination

• Role of ad-hoc meetings and their comparison to scheduled meetings regarding knowl-
edge sharing and coordination

• Dependencies arising in large-scale agile environments and ways to cope with them

• Efficient setup of communication tools and their relevance to knowledge sharing and
coordination

• Documentation efforts to enable effective knowledge sharing and coordination

In order to find answers to our research questions successfully, focusing on the above-
mentioned points was considered necessary but not sufficient. Depending on the initial
answers received about the key points described, every interview partner has been steered
into different directions with certain follow-up questions that are related to their unique
contexts, so that they can enrich the conversation with the topics they are familiar with. An
outline of the questions asked during the interview study is listed in the Appendix.
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The selection of the interview participants was an important part of the preparation process.
Since the topic of knowledge sharing and coordination is a relevant concept for any type of
role in any sector, participants have been chosen in a way that the entire set covers as many
roles and industries as possible to ensure a variety of voices. In this way, the goal is to avoid
having one-sided views on the investigated topics, which would undermine the purpose of
achieving a broad view. The participants of the study had the roles outlined in Table 5.2.

5.3. Data Collection

A total of 11 experts with various levels of experience in large-scale agile contexts have been
interviewed in 10 sessions throughout the study, the first on 5 February 2024 and the last on
19 April 2024. All of the interviews were conducted remotely on the online video conferencing
tool Zoom1 and recorded with the consent of each participant for transcription purposes. The
average duration of the sessions was 55 minutes, the shortest one lasting 42 minutes and the
longest one lasting 67 minutes, excluding the introductory parts in which the interviewees
were briefly introduced to the research goals and the interview structure. All interviews were
conducted in English.

5.4. Data Analysis

This section describes the steps performed after the data collection, which are transcription,
coding, and analysis of the interviews.

5.4.1. Transcription

Based on the recordings collected from each session, transcriptions are prepared and made
ready for analysis by coding. The coding and the analysis phases are explained in Section
5.4.2. During the transcription phase, any confidential information is kept hidden to ensure
anonymity. All transcriptions are created and stored in the qualitative data analysis tool
MAXQDA2.

5.4.2. Coding and Analysis

We coded the interview transcripts by following the two-cyclic approach proposed by Saldaña
[63]. During the first cycle, we followed the descriptive coding approach, where the text
segments are summarized with a short phrase explaining the content in the text chunk
[63]. After the first cycle was complete, we used the pattern coding in the second cycle to
group similar codes under certain categories [63]. The overall coding process included both
deductive and inductive coding, as we initially started with pre-defined codes originating
from our research questions but also defined new codes inspired by the content of the

1https://zoom.us
2https://www.maxqda.com
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interview transcripts during the coding phase [64]. We used MAXQDA to perform all the
codings.

The above-mentioned coding process resulted in seven first-level codes, and 158 codes in
total when subcodes are included. Three of the first-level codes constitute the sections of
Chapter 6, which are mechanisms, barriers, and facilitators. The remainder of the first-level
codes represent the company and interviewee-specific information as well as additional
coded segments that are not directly relevant but still kept for further analysis. Subcodes
constitute the specific type of mechanisms, barriers, and facilitators for knowledge sharing
and coordination, and the results emerging from their analysis are demonstrated in Chapter
6.

5.5. Descriptive Study Data

This section gives an overview of the data collected during the interview study by describing
the interviewed experts, their experiences, and the large-scale agile organizations they have
been part of throughout their careers.

5.5.1. Companies

Table 5.1 shows the organizations covered during the interview studies, with their anonymized
names, sizes, industries, and the number of samples collected from each of them. Since the
experts were encouraged to share their experiences from all large-scale agile organizations
they have been a part of, the total number of samples depicted in Table 5.1 is larger than the
number of interviewees who participated in the study. Even if the experts took part in more
organizations in their careers, only the ones that the interviewees shared their experiences
about were added.

5.5.2. Interview Partners

As outlined in Chapter 1, the interview participants are selected in a way that allows each
expert to contribute to the study by providing their experiences from different points of
view. Ghobadi [60] demonstrates that the perception of the barriers to effective knowledge
sharing in agile software teams highly depends on the person’s role in the organization
[60]. Therefore, in order to prevent biased results that only represent the view of a limited
number of groups, it was crucial to include a wide range of roles and experts with different
backgrounds in the interview study. Table 5.2 summarizes each interviewee’s experiences,
including the roles they have taken in their careers in large-scale agile contexts.

During the interviews, each expert was encouraged to share their experiences throughout
their careers, without restricting the scope to their current organizations. The main reason
for this was to ease the process of gaining a broad overview of the subject. As described in
Chapter 1 as one of the main motivations of this thesis, the literature review revealed that
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Anonymized Name Size Industry Number of Samples

ConsultCo1 195,000 IT & Business Consultancy 1

SoftwareCo1 112,000 Software Products 1

TelecomCo 10,000 Telecommunication 1

FoodCo 5,000 Food Services 1

InsurCo 158,000 Insurance 2

ConsultCo2 357,000 IT & Business Consultancy 3

TransportCo 322,000 Transportation 2

EnergyCo1 5,400 Renewable Energy 1

ConsultCo3 10,000 IT & Business Consultancy 1

SoftwareCo2 1,000 Autonomous Driving 1

SoftwareCo3 250 Retail Solutions 1

EnergyCo2 2,000 IT & Renewable Energy 1

Table 5.1.: The list of companies covered during the interview series
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a comprehensive study aiming to answer the research questions outlined is lacking in the
existing literature. Therefore, shifting the focus from individual organizations to the overall
experiences of the experts was an attempt to broaden the study’s perspective, which was
observed to work quite well as the interview partners were highly eager to talk about their
past experiences in an informative and elaborate way. In addition, this approach also enabled
a natural exchange between the interviewees and interviewers which, consequently, facilitated
a better interview experience.

In total, 11 experts reported having experience in 16 distinct roles in large-scale agile contexts
throughout their careers, as shown in Table 5.2. Compared to the number of roles that would
have been collected if we restricted the interviews only to the current organizations (8), this
means a twofold improvement in data collection and, as a result, an effective way to mitigate
some of the limitations outlined in Chapter 7 regarding the data collection procedure.

Table 5.2 also shows the experience levels of each expert, both agile-specific and overall
separately. For the experts who reported their experience levels as rough estimates rather
than providing an exact number of years, the corresponding entries are represented by
intervals. This was mainly because some interviewees had certain gaps regarding agile in
their careers, and adding up the separate experiences was not immediately clear to them.
However, the exact years of experience are not critical for this study, and thus, they are not
pursued further, as rough estimates are sufficient to judge the experience level of an expert.
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ID Roles Companies Experience in
Large-Scale Ag-
ile

Experience Over-
all

E1

Software Developer
Technical Project Lead

Development Lead
Solution Train Engineer

Quality Assurance Manager

ConsultCo1 20 years 30+ years

E2 (Domain) Scrum Master SoftwareCo1 10+ years 10+ years

E3
Software Developer

Project Manager
TelecomCo

FoodCo
4 years 4 years

E4 Product Owner
InsurCo

ConsultCo2
5 years 5 years

E5 Chapter Lead InsurCo 3 years 10 years

E6
Lead Architect
Scrum Master

ConsultCo2 8 years 8 years

E7
Business Analyst

Requirements Engineer
Rollout Manager

TransportCo 4 years 4 years

E8
Scrum Master

Product Owner
TransportCo 9 years 35+ years

E9
Change Manager
Product Owner

ConsultCo2
EnergyCo

1 year 10 years

E10 Machine Learning Engineer ConsultCo3 2 years 5 years

E11

Scrum Master
Product Owner

Development Lead
Software Architect

SoftwareCo2
SoftwareCo3
EnergyCo2

20+ years 20+ years

Table 5.2.: The list of interviewed experts and their experiences
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6. Results

This chapter presents the results of this thesis by combining the findings from the interview
study and the systematic literature review. Section 6.1 presents the knowledge sharing
and coordination mechanisms identified. Section 6.2 describes the barriers, and Section 6.3
describes the facilitators in large-scale agile environments regarding effective knowledge
sharing and coordination by discussing the benefits, trade-offs, and application contexts.

6.1. Knowledge Sharing and Coordination Mechanisms

Our interview study identifies 41 knowledge sharing and coordination mechanisms that
are used in large-scale agile organizations. Similar to the classification of coordination
methods proposed by Berntzen et al. [59], we group the identified mechanisms under three
categories: meetings (30), tools (7), and organizational structures (4). Even though the number
of online tools is 15 in total, only the categories they belong to are considered knowledge
sharing and coordination mechanisms, as described in Section 6.1.3. The following sections
describe each category and provide comprehensive lists of the mechanisms identified by the
interview study. Although each mechanism might have its own initial goals of supporting
knowledge sharing or coordination, our results suggest that, in practice, these two practices
often occur simultaneously via the mechanisms identified, with certain exceptions. Therefore,
all meetings, organizational structures, and tools are presented jointly, without differentiating
them purely as a knowledge sharing or coordination mechanism. Instead, the primary focuses
of each mechanism are outlined in the respective tables in each section.

6.1.1. Meetings for Knowledge Sharing and Coordination

Table 6.1 outlines the extensive list of meetings reported by the experts for knowledge sharing
and coordination in large agile organizations. The list includes meetings that are commonly
used by many organizations as prescribed by specific frameworks, such as the Daily Scrum
[25], as well as the company-specific ones that are introduced by considering the needs of the
organization in question, such as the meetings combining certain roles as in InsurCo (E5).
While the information regarding the fundamentals of the framework-specific meetings can
be found in Chapter 2, some additional contexts about the company-specific meetings are
described in this chapter.

Our systematic literature review findings align with the interview study’s outcome regarding
the meetings for knowledge sharing and coordination in large-scale agile contexts. The results
show that the meetings prescribed by the most popular agile frameworks are actively used
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6.1. KNOWLEDGE SHARING AND COORDINATION MECHANISMS

for knowledge sharing and coordination purposes in many organizations. The identified
meetings resulting from the literature review include but are not limited to the following,
with some of the publications reporting their usage: Stand-up meetings [65] [66], lunch talks
[27] [67], seminars [27] [65] [67], retrospectives [27] [65], demos [27] [65], Scrum-of-Scrums
meetings [14] [27] [65] [67], workshops [65], architecture meetings [67], PO Alignment [67],
open space [27] [67], forums [27] [67], coffee breaks [67].

For each meeting outlined in Table 6.1, the main purpose of the meeting is marked in the
respective column. However, it is important to note that most of the meetings identified
are observed to include both knowledge sharing and coordination efforts either directly or
indirectly. The following subheadings give some examples of such occasions. Therefore, this
thesis does not classify the identified meetings between knowledge sharing and coordination
and rather assesses their contribution to both of them with equal diligence.

When asked explicitly, the experts did not differentiate between the meetings regarding their
benefits and proposed that all have equal importance for successful knowledge sharing and
coordination in large-scale agile settings. However, the context in which they are useful
differs, and the following subheadings present the definitions and the usage contexts of some
meeting types listed in Table 6.1.

Meetings for Certain Roles

As described by E5, InsurCo introduces a certain type of meeting specifically designed for
the Product Owners, Chapter Leads, and Agile Masters. It is a meeting that includes all the
members of these roles in the organization, the main goal of which is to bring the whole
large-scale agile structure to life (E5). The Agile Master role is introduced to encapsulate all
agile teams that are not necessarily working in the Scrum framework, but the main idea of
the role is similar to the role of Scrum Master (E5). The meetings are moderated with the
help of external colleagues and are mainly used for coordination purposes (E5).

Agile Coffee Break

Agile Coffee Break is a weekly one-hour meeting for knowledge sharing at ConsultCo2 (E6).
It has a specific agenda, and the participants are encouraged to talk about what their teams
are currently doing (E6). It is particularly useful for having a common understanding as a
large-scale organization because even though all the teams in the large scope work towards
the same goals as one big team, each team still has its specific applications and projects, and
they are not always fully aware of what the other teams are doing (E6). Agile Coffee Break
facilitates intra-team knowledge sharing by bringing members from different teams together
and encouraging them to share their current knowledge with their colleagues (E6). By actively
using these meetings, the main purpose of which is enabling intra-team knowledge exchange,
obtaining a certain degree of awareness about the tasks of the other teams can help mitigate
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the dependency awareness challenges outlined in the literature [17] [68], and consequently
facilitate intra-team coordination indirectly.

Future Workplace

Future Workplace is a monthly meeting in which the participants plan ahead and share ideas
about their roadmaps (E5). It is open to everyone, including the customers (E5). In this way,
customers worldwide are able to know what the organization is working on and provide
valuable feedback (E5). The representatives from every country and business unit are also
able to ask for help regarding their specific needs (E5). The meeting is a great way of sharing
knowledge and coordinating within the organization (E5).

Developer Conference

Developer Conference is a knowledge sharing event that takes place every year at SoftwareCo1,
as described by E2. In SoftwareCo1, it is mainly used to get people together on a voluntary
basis and facilitate knowledge sharing across the company (E2). The event has one global
and several regional versions (E2). The global one takes place online and usually lasts two
or three days (E2). The regional ones also often take place online, but they still have a more
in-person nature (E2). During the events, every participant is able to choose from a variety of
sessions that cover different topics to join (E2). These sessions are not focused on a specific
product but rather on broader topics such as security and technology (E2). Guest speakers
are also welcome to contribute to the event (E2).

Town Hall Meeting

Town Hall Meeting is a knowledge sharing practice that usually takes place every quarter
(E9). It is organized as an open space and does not have a certain agenda (E9). It shows
similar characteristics with the open space environments reported in the literature [27] [67],
as well as the all-staff meetings identified during the interview study (E1, E7).

6.1.2. Organizational Structures for Knowledge Sharing and Coordination

The analysis of the interview study reveals four organizational structures for knowledge
sharing and coordination practices in large agile organizations. Table 6.2 outlines the identi-
fied organizational structures with their primary purposes. The list includes widely-known
constructs, such as Guilds implemented at TransportCo, as well as company-specific imple-
mentations, such as the story-specific coordination role introduced at ConsultCo2 (E6). This
section presents three of the identified constructs under the following subheadings. Guilds
are briefly described in Chapter 2.
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Meeting Knowledge Sharing Coordination

Sprint Planning ✓

Sprint Retrospective ✓

Sprint Review ✓

Sprint Demo ✓

Daily Scrum ✓

Scrum of Scrums Daily ✓

PI Planning ✓

PI Demo ✓

PI Retrospective ✓

Backlog Refinement ✓

PO Alignment ✓

Meetings for Certain Roles ✓

Future Workplace ✓

Kick-Off ✓

Release Kick-Off ✓

Scrum Master Sync ✓

Technical Internal Meetings ✓

Level-Specific Meetings ✓

Internal Coordination Meetings ✓

Lessons Learned ✓

Intra-Team Knowledge Sharing Session ✓

Internal Knowledge Sharing Session ✓

Lunch Talks ✓

Agile Coffee Break ✓

All-Staff Meetings ✓

Town Hall Meetings ✓

Developer Conference ✓

Trainings ✓

Hackathons ✓

Forums ✓

Table 6.1.: Identified meetings in the interview study
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Story-Specific Coordination Role

ConsultCo2 introduces a coordination role that ensures everything regarding a story is
successfully maintained and completed (E6). It is not a separate, independent role in the
classical sense but is taken by the existing team members, specifically developers (E6). It is
classified under the organizational structures, as it extracts a set of people from the current
team members, assigns them a certain role, and in this way, forms a new squad of people
having additional responsibilities besides their regular ones. The experts having this role
are responsible for creating all necessary subtasks and allocating the right tasks to the right
people (E6). By the end, this role ensures that the final story is fully functional, all the
requirements are met, and deployed on the integration environment before being presented
to the customer (E6). The expert from ConsultCo2 where this construct was introduced as a
coordination mechanism talks about a specific use case as follows:

For example, if you have nothing to do, you can then go to (this role) and say, "Hey, your
story is the highest one in the sprint scope. Do you need someone to work on it? Or is
everything else blocked?" And then (they) can say, "OK, so first two, (or) three subtasks
can be taken on, or everything is blocked, please go and find something else to do."

This role aims to fill the following coordination gaps arising in large-scale agile development
environments regarding the management of tasks:

• No surveillance on the integrated individual feature branches.

• Unawareness of what to do with the open tasks.

• Unawareness of which additional team members could be allocated to the tasks to finish
them earlier.

Providing surveillance on the broad overview of the integrated branches is critical to ensure
the integrated solution works as expected at the end (E6). But when nobody is particularly
allocated to take care of this problem, often nobody checks the resulting feature, or even if
somebody does, it is too late (E6). Coordinating the allocation of tasks to the appropriate
team members by a specific role is essential because, without a specific role, people often do
not take on these coordination efforts themselves during the dailies (E6).

Communities of Practice (COPs)

Communities of Practice are observed to provide certain benefits regarding the efficient usage
of the knowledge that team members have [69]. The results of our interview study show
that they are widely used for knowledge sharing purposes in large-scale agile environments
(E1, E2, E7, E11). In COPs, people talk about various topics such as coding guidelines, new
tools, new frameworks, and best practices (E1). They exchange ideas and experiences, and
learn from each other while potentially teaching their colleagues certain topics that they
are knowledgeable about (E2). Some organizations implement multiple COPs that focus
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on different topics, such as frontend development, backend development, architecture, and
security related COPs at TransportCo (E7). In this setup, one member from each team whose
expertise suits one of the COPs joins the respective COP (E7).

Although the main objective of COPs is to share knowledge, they also serve as an indirect
coordination mechanism in certain contexts (E7). For instance, E7 reports that the participation
of one team member from all teams in COPs enables teams to coordinate the dependencies
and the topics that affect all teams (E7).

Despite their wide usage as a knowledge sharing mechanism, certain measures need to be
taken into account so that their benefits can be reaped to their full potential. It is highly
important to lead and guide COPs properly in order to be able to put the knowledge generated
in COPs into action (E11).

Mentoring Programs

A mentoring program is an organizational construct working as a knowledge transfer mech-
anism between the generation of employees (E11). Contrary to the common belief, these
structures do not just help inexperienced professionals, but also enable experienced experts
to learn from their younger colleagues (E11). In these programs, seniors learn how to explain
and teach topics better, while juniors utilize the knowledge of seniors (E11). Overall, the
expert considers it a successful knowledge sharing mechanism (E11).

Organizational Structure Knowledge Sharing Coordination

Story-Specific Coordination Roles ✓

Communities of Practice (COP) ✓

Mentoring Programs ✓

Guilds ✓

Table 6.2.: Identified organizational structures in the interview study

6.1.3. Tools for Knowledge Sharing and Coordination

Our interview analysis reveals 15 tools that are actively used for knowledge sharing and
coordination purposes in large-scale agile organizations. These tools are grouped across
seven main categories according to their primary purposes and outlined in Table 6.3, together
with their contribution to knowledge sharing and coordination practices. Our results suggest
that even the tools that are not primarily designed for knowledge sharing or coordination
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purposes, such as design and requirements management tools, can still serve as mechanisms
for knowledge sharing and coordination, depending on the way they are used. This aligns
with our findings regarding the effective usage of tools as a facilitating factor for knowledge
sharing and coordination, which is demonstrated in Section 6.2, and once again highlights the
importance of their exact implementation. As the functionalities of the tools are defined not
solely by the product itself but also by how they are exactly used, the main focus should be
placed on the usage details instead of their rollout in the organizations in order to understand
their contribution to knowledge sharing and coordination activities.

Category Tools Knowledge Sharing Coordination

Communication Microsoft Teams

Slack

Outlook

Zoom

✓ ✓

Documentation Jira

Confluence

SharePoint

✓ ✓

Version Control and Repository Git

GitHub

Bitbucket

Nexus

✓ ✓

Requirements Management Doors ✓ ✓

Design Figma ✓

Visual Workspace Miro ✓

Online Whiteboard ConceptBoard ✓ ✓

Table 6.3.: Identified tools in the interview study

32



6.2. BARRIERS TO EFFECTIVE KNOWLEDGE SHARING AND COORDINATION

6.2. Barriers to Effective Knowledge Sharing and Coordination

The results of this thesis reveal a variety of barriers to effective knowledge sharing and
coordination in large-scale agile environments. In this section, identified barriers are presented
and put into perspective by referring to the findings of the literature review whenever
appropriate.

6.2.1. Human Factors

The results of our interview analysis suggest that several human factors affect the efficiency
of knowledge sharing and coordination practices in large-scale agile setups. This section
presents these factors under the following subcategories.

Personality Traits

In large-scale organizations where a great number of people work together, it is natural
to expect that not all employees have similar personality traits. For instance, while some
people tend to be more open to talking about any topic, others might be shy about speaking
up (E6). Our interview study reveals personality differences that deteriorate the efficient
implementation of knowledge sharing and coordination practices in terms of the following
personality aspects:

• Detail-orientedness (E1)

• Extrovertedness and openness to talking (E2, E4, E6)

• Need for proving oneself (E5, E10)

Detail-orientedness refers to how much a person is interested in fine-tuned information on
a certain topic. In our interview study, this personality trait is observed in the context of
implementing the Scaled Agile Framework (SAFe) in large-scale agile organizations (E1). E1
argues that the previous versions of SAFe were not as fine-tuned as the current version, and
there was more freedom to define company-specific functions, but the current version defines
everything in more detail (E1). In addition, a similar dissimilarity is observed among different
people, as some of them like everything to be close to the books and clearly defined, while
others prefer to define things themselves. The interviewee highlights that this dissimilarity
can hinder the effectiveness of coordination, as it results in difficulties in terms of finding the
right balance to efficiently coordinate the SAFe implementation (E1).

E4 argues that extroverted colleagues are more open to sharing their knowledge, and intro-
verted associates sometimes underestimate the importance of knowledge sharing (E4). This
shows up as a challenge, particularly because the introverted team members tend to take on
their tasks in the sprint planning and implement them during the sprint without thinking
about sharing anything regarding the progress, such as the faced problems and their solutions
to them, which might possibly be useful for other colleagues (E4).
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Related to the extrovertedness, analysis of the interviews also suggests that openness to
talking is an important personality trait that facilitates knowledge sharing and coordination
(E6). People usually do not hesitate to provide valuable ideas when asked directly, but not
all people do so without being asked explicitly (E6). People who are not open to talking by
nature usually stay silent in situations where something needs to be decided, but being bolder
and speaking up to express agreement or disagreement about certain topics is something
that is highly appreciated by the meeting organizers and considered a facilitator for effective
knowledge sharing and coordination (E6).

E10 reports that people who are in a state of mind to prove themselves create a barrier to
effective knowledge sharing and coordination (E10). A similar tendency is also reported by
E5 as follows: People behave differently because they want to show off and show to the chapter
lead, "OK, I am doing a good job, [...] I am important here." In these situations, the main reason
for the emerging inefficiency comes from the fact that these people have a tendency to
set up redundant meetings that do not serve any purpose regarding the actual tasks of
the organization (E10). In these meetings, they like repeating the important points and
do not create real value (E10). When people with this character join, especially a team of
software development practices, knowledge sharing and coordination activities are hindered
substantially (E10).

Language

Different native languages among the members of large-scale organizations are natural in
today’s globalized business world. In our interview study, several experts highlighted that
this can hinder effective knowledge sharing and coordination in certain situations (E1, E3,
E9). When an organization operates in multiple countries with different native languages,
language changes in between result in a certain loss in communication (E1). Even if all the
members speak English as the accepted common language in the organization, it still does
not solve the entire problem as it is much harder to express oneself in a non-native language
(E3). This also causes some teams to switch to their native language internally, but this only
increases the language gap even further (E3).

Cultural Differences

Similar to the languages, cultural differences are also natural in large-scale organizations
nowadays. Our interview study reveals that this can hinder knowledge sharing and coordina-
tion on some occasions (E1). E1 claims that cultural differences, just like language differences,
result in a certain loss in communication (E1) and gives a concrete example as follows:

The customer(s) I am working (with) at the moment, (since) the product does not exist in
India or Vietnam, do not understand why (we are doing this).
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Lack of Experience

Our interview study reveals that lack of experience has a hindering effect on effective
knowledge sharing and coordination (E6). E6 elaborates on this as follows:

A lot of our work is importantly based on feelings. So you have your gut feeling, and with
your gut feeling, you are usually right. [...] People from the outside who have done the
same kind of dialogue several times have a good understanding (of) how complex it is to
develop this dialogue, but if they have always done this with one framework and now they
have to work with a different one, that might be tricky and working different way, then
this is a challenge. Then you need the people who have worked in this special case, and
they know, "OK, when I have to change this, I also need to generate this, I have to run
this pipeline, I have to do this and this and this." [...] Then it is much easier than someone
who has no idea of the application.

Besides the above-mentioned human-related factors, our interview study also identified the
following related barriers: Resistance to change (E1, E9) [70], blame culture (E3), and lack of
trust (E3) [71]. However, since the contexts in which they appear are not elaborated further
by the experts, they are not presented in separate subheadings.

6.2.2. Remote Work

Remote work has become increasingly popular in recent years [72]. Especially after the
pandemic, many organizations started to adopt remote work as a commonly used work style.
As a result, virtual teams are becoming a crucial focus point for knowledge sharing [44] and
coordination activities. However, despite its benefits and wide application, remote work brings
its own set of challenges which tend to escalate with the existence of geographically dispersed
team members even further [70]. Although the overall advantages and disadvantages of
remote work are beyond the scope of this thesis, this section describes the barriers to
effective knowledge sharing and coordination in large-scale environments resulting from the
remote way of working. As an emerging facilitator for knowledge sharing and coordination
discovered by this investigation, emotional bonding is discussed separately in Section 6.3.4.

To begin with, it is important to note that this study does not classify remote work as
a suboptimal practice or as something that needs to be completely avoided, unlike the
majority of other barriers identified in this thesis such as insufficient documentation and
misinterpretation of agile values, which are covered in the upcoming sections. Instead, this
study outlines the related challenges resulting from this particular style of working and aims
to elaborate on their potential consequences.

Despite the challenges it brings, including remote team members has various advantages for
the success of an organization in the medium and the long term [70]. With programs of very
large sizes, remote work often becomes a necessity rather than an option, especially from the
cost point of view (E1). Not surprisingly, all experts in our interview study reported that

35



6.2. BARRIERS TO EFFECTIVE KNOWLEDGE SHARING AND COORDINATION

they experienced working remotely at least at some point in their careers, most of them being
after the pandemic. These remote work settings include both fully remote options and hybrid
ones. In addition, all interviewees named at least one hindering factor to effective knowledge
sharing and coordination that originates from remote work settings. Our interview study
reveals the following obstacles resulting directly from working remotely.

Limitation of Ad-Hoc Exchanges

When people work from different locations, the possibility of spontaneous exchanges reduces
substantially (E2, E3). The results of our systematic literature review point out that ad-hoc
meetings are considered an integral part of knowledge sharing and coordination practices,
and can even be considered more efficient than scheduled meetings based on the findings
of several case studies [56] [67] [73]. Consequently, diminishing the occurrence of ad-hoc
meetings acts as an obstacle to effective knowledge sharing and coordination in large agile
organizations. The role of ad-hoc meetings as a facilitating factor for effective knowledge
sharing and coordination is discussed in more detail in Section 6.3.6.

Inability to Use Physical Tools

Remote work settings, by nature, do not allow employees to use physical tools such as post-it
notes and whiteboards. Even though their online counterparts are widely used, their usage is
not considered as effective as the usage of the originals (E3). One expert (E3) explains why
this is the case as follows, with a concrete example:

If we were in the same location, I would always suggest having some post-it notes, (which
is) very traditional. Just write [...] what the task is (and) who is responsible. And you can
move the post-it notes from one place to another. And when people forget about their tasks,
they can just instantly go there and see what is next or what they need to do. However,
in Microsoft Teams, I believe that my team currently only opens the tasks just before the
meeting. And I always try to show them in the meeting (by) the screen share, the task
board. But I don’t think that they are actively doing anything between the meetings.

In other words, the inability to use physical instruments in an office environment reduces the
chances of the team members to walk by, for instance, the post-it notes that summarize the
current tasks or any other information that might be relevant for them, and thus, the chances
of obtaining useful knowledge in an aleatoric way. Similarly, using whiteboards to sketch
and explain certain topics to colleagues working closely is considered an effective way of
communication between multiple people, but remote settings also eliminate this opportunity
(E4).

Inability to Overhear

Communication among a group of people does not always occur in a pre-defined fashion
where one party initiates a conversation with clearly set goals and expectations in their minds.
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Often, people find themselves listening to a conversation that happens to take place near
them, without even intending to listen to it in the first place (E5). Especially in large-scale
organizations with large headcounts, this can work as a spontaneous way of communication
which happens by chance, as described by E5 as follows:

Sometimes I am not sure who is interested in (a) specific information, because I do not
know that they are working on a similar topic for a different customer. And if I knew that,
I would tell them, but I do not know this. And that is why I am just talking (with others).
And then someone overhears it, "Oh, you are doing the same stuff, or you did something
similar. [...] So let’s align and avoid duplicate efforts." [...] So, information sharing with
the right people at the right time... That is difficult when you’re not in the office.

As E5 outlines, overhearing also helps identify for whom the knowledge possessed by
an employee can be useful in the organizations (E5). With the lack of such a facilitating
mechanism, knowledge sharing practices are hindered (E5, E6). In addition, the inability
to overhear resulting from working remotely also forces employees to schedule meetings
that occupy larger time slots for very brief topics that could have been clarified in an office
environment with a simple overhearing (E6). Consequently, knowledge sharing does not
occur as effectively as it could have been, since the resulting situation is complicated to handle
(E6).

Inability to Observe Colleagues

The opportunity to observe colleagues in their working environments and have some eye
contact with them has certain benefits for effective knowledge sharing and coordination
activities (E5, E6, E8). These benefits can be classified into two categories: one-to-one contexts,
and meetings.

When large-scale agile organizations work co-located, team members can individually see
whether their colleagues are working in deep concentration mode or a more relaxed fashion
so that they can decide better whether they should approach them to ask a question or to
share something at that specific moment, or they should rather wait for a more appropriate
time (E8) [74]. This can particularly be useful when certain people are unwilling to disturb
others [71]. In online settings where seeing the current state of colleagues is almost never
possible, approaching a colleague for knowledge sharing or coordination purposes is a more
challenging experience (E8). Even though the status indicators in online communication tools
such as Microsoft Teams and Slack attempt to tackle this barrier, they are not always fully
trustable, as the team members often do not regularly update their status information [74].

The same obstacle also diminishes the knowledge sharing and coordination efficiency in the
context of meetings (E6, E8). When a presenter waits for some input from their audience,
one of the smoothest ways to accomplish this is to look the respective people in the eye so
that they can understand some input is expected from them (E6). This subtle mechanism is
unlikely to occur in remote work settings as specific colleagues cannot be addressed in large
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audiences just by looking at the computer screen (E6). The expert describes what happens as
a result of this barrier as follows:

Everyone is just quiet, all mics are muted. You would say something, and no one really
answers. [...] So, if you would have a virtual solution for this, it would be great.

The expert further reports an initiative at their organization (SoftwareCo1) to tackle this issue
by creating online rooms that aim to imitate real-life work environments so that colleagues
can interact with each other and observe what the others are doing (E6). Yet, the experience
is not similar to the co-located settings (E6).

In remote work settings, it is also difficult for the presenter to assess whether people are
actually listening to the content of the meeting or doing some side work in the background
(E8). In situations that require the attention and feedback of all participants, this barrier
makes it significantly difficult to get the necessary information from the audience and hinders
the knowledge sharing and coordination efforts consequently (E8).

Inability to Use Body Language and Facial Expressions

Working from different locations reduces the amount of body language and facial expressions
that can be used and perceived during knowledge exchange and coordination practices (E5,
E6, E8, E11). Although facial expressions are expected to be conveyed thanks to online video
communication tools, some people are still reluctant to turn on their cameras (E5, E6), and
sometimes even to participate in meetings (E5). Non-verbal communication is considered
an important part of the interaction between colleagues and is highly restricted by online
settings (E8). The implications arising from facial expressions and body language, even if the
person does not speak at that moment, get lost in the conversations when people do not work
in a co-located setting (E5).

Even though working remotely is not necessarily a bad practice and can have its own advan-
tages, such as better concentration (E8), our results still suggest that several emerging factors
resulting from remote work settings hinders efficient knowledge sharing and coordination
practices in large-scale agile organizations. A hybrid approach can help maintain the advan-
tages of both approaches, as experts remark that working remotely is also something they
prefer at least from time to time (E4, E5, E7, E8, E9, E10).

6.2.3. Time Zone Differences

With the increasing opportunities to work from everywhere, thanks to the advent of online
communication tools, organizations have started to employ people from different continents
to enter new markets, lower costs, or achieve certain goals that are related to their business
needs (E1). Nowadays, many companies have off-shore teams or customers to work together
towards common goals. As a consequence, organizations become prone to suffering from
time zone differences between their members. Even though some organizations try to solve
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this by clearly defining the working hours for their off-shore colleagues in a way that they
overlap as much as possible (E5), this requires the distant colleagues to work in the evening or
even at late night depending on the location. Conversely, some organizations do not find this
ideal and, thus, do not ask their distant colleagues to adjust their working hours according to
them (E1). But then, the time zone issue remains a barrier that needs to be addressed (E1).

In our interview study, three experts (E1, E9, E11) reported time zone differences as a barrier
they experience in front of effective knowledge sharing and coordination. When people in
various time zones need to work together, certain disruptions arise in the workflow as people
spend too much time updating themselves about what the other colleagues ahead in time
had done, until they started working that day (E11). This further leads to an isolated way of
working where people become reluctant to take on responsibilities (E11).

While one or two hours of difference is not considered a problem (E2, E3), a six-hour gap can
substantially threaten the effectiveness of knowledge sharing and coordination practices (E1).

6.2.4. Insufficient Documentation Efforts

As outlined in Table 2.1 as one of the values suggested by the Agile Manifesto, Value 2 states
that working software is preferred over comprehensive documentation efforts [1]. However,
our results show that this value might sometimes be misinterpreted by the members of agile
teams, as described more in detail in Section 6.2.7.

Even though it is unclear whether all the insufficient documentation efforts stem from the
misunderstanding mentioned above, lack of proper documentation remains a challenge
regarding effective knowledge sharing and coordination in large-scale agile contexts. In total,
four experts in our study emphasized the insufficient documentation efforts as a factor that
diminishes the knowledge sharing and coordination in their organizations (E4, E6, E7, E10).

Experts explain this barrier with examples from the specific use cases of certain online tools.
When using online planning and documentation tools such as Jira1, explicitly writing the
current status of the committed code piece to the feature branch as a comment is considered
a highly beneficial way of sharing knowledge and coordinating with the team members, as it
enables other colleagues to understand and possibly work on the same feature in the event of
unexpected absences (E6). However, this ideal state is usually not the case (E6). This problem
escalates especially when people are highly focused on their tasks because, without sufficient
documentation, it is not possible to keep everything short and prevent taking too much time
(E6). In a similar manner, documentation in Confluence2 requires additional efforts to keep it
structured and up-to-date (E7, E10). However, these efforts are often not realized in practice
(E7, E10). Mostly, people add information in Confluence, but they do not delete the ones that
are not relevant anymore (E10). This creates an ever-growing knowledge base in which the

1https://www.atlassian.com/software/jira
2https://www.atlassian.com/software/confluence
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information is outdated and harder to trust and, thus, very hard to keep track of (E6, E7, E10).
In addition, having a Confluence structure that is inherited from the former ones also restricts
the access of the new team members to the knowledge they need, as they are not familiar
with the inherited structure (E7). As a result of these, employees often find themselves in a
position where they are not familiar with some fundamental knowledge they are supposed to
have (E7, E10).

Practicing routines that facilitate updating the relevant documentation as soon as any change
happens, such as regularly adding documentation needs to the task lists, is considered a
helpful strategy to overcome this barrier (E6). Further findings about using documentation as
a significant facilitator for knowledge sharing and coordination are demonstrated in Section
6.3.1.

6.2.5. Involvement of External Parties

Organizations often integrate external employees to strengthen their workforce. Our results
show that the inclusion of externals in large-scale agile organizations creates a complex
knowledge sharing medium and leads to certain inefficiencies in knowledge sharing and
coordination practices if not addressed properly. The main reason for these inefficiencies
stems from the specific legal regulations that prevent people from sharing their knowledge
with external colleagues (E5). Even though externals work closely with the permanent team
members towards a common goal, they do not have access to certain information, such
as who is going to be on holiday and who is on sick leave, due to the regulations of the
workers’ council (E5). Therefore, creating some private channels is necessary for online
communication tools to share information that is not relevant to the externals, but those
private channels are observed to be highly inefficient due to their limited functionalities (E5).
One example is the inability to use some available add-ins for Microsoft Teams channels in
newly created private channels (E5). Secondly, these private channels are reported to act more
like separate SharePoint3 pages that are difficult to share data with. As a further attempt to
tackle these problems, creating multiple teams for each agile team and another one including
all members with a separate private channel is observed to worsen the existing situation
regarding knowledge sharing efficiency even more (E5). In the resulting setting, employees
need to check different channels and different teams in their online communication tool
regularly to ensure that they are up-to-date with the newest knowledge available to them, but
this is often not easy to practice (E5). In addition, this setup also diminishes the efficacy of
one of the facilitators for knowledge sharing, which is transparency (E5). Having different
teams in the online communication tool for each agile team prevents team members from
keeping track of what the other teams are doing and communicating over, and thus, reduces
the level of transparency significantly (E5).

3https://www.microsoft.com/en-us/microsoft-365/sharepoint/collaboration
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Similar efficiency issues arise when too many external providers are outsourced during
the development process in large-scale agile organizations (E5). This is mainly because the
external provider potentially works in a very different way than the organization (E1, E5, E6),
probably not even in an agile way, but all the teams still need to work closely to accomplish
the same set of goals (E5). In addition, some external providers might be reluctant to share
their knowledge regarding a certain topic to keep the organization dependent on them and
stay an important part of development (E5).

From the team spirit perspective, integrating the externals does not seem to be an issue (E7).
However, addressing them formally when something urgent arises remains a coordination
challenge (E7). Since the external parties have distinct autonomy, it is not always possible
to push them to finish certain tasks at a certain point in time, even though it is believed to
be absolutely necessary for the product and business goals (E7). Creating a team spirit is
observed to work well in this sense. When the externals feel that they are part of the team,
they do their tasks in a timely manner without the need to push them to do so explicitly (E7).

Although not all large-scale agile organizations necessarily interact with external employees
or providers, it is very likely that they can experience such contexts at some point in today’s
business world. Therefore, knowledge sharing and coordination with external parties need to
be addressed as a significant barrier in front of effective knowledge sharing and coordination,
to be able to reap the benefits of relevant practices put into place.

6.2.6. Lack of Transparency

In our interview study, three experts mentioned lack of transparency as a barrier they observed
in front of knowledge sharing and coordination in large-scale agile organizations (E5, E7, E11).
E11 highlights the importance of making knowledge transparent so that people feel proud
of what they have, which consequently facilitates knowledge sharing, and further expresses
that large-scale agile frameworks such as SAFe do not sufficiently stress the significance of
transparency (E11). E7 argues that their meeting results are not transparently communicated
in their current organization, and this causes their meetings to become less efficient than they
could be (E7). Similarly, E5 remarks on the inefficiencies arising from their Microsoft Teams
setup that diminishes transparency, as described in Section 6.2.6, and thinks that transparency
could have helped them to work together more effectively (E5).

6.2.7. Misinterpretation of Agile Values and Principles

In our interview study, certain values and principles proposed by the Agile Manifesto [1] are
observed to be misinterpreted by some members of agile teams in large-scale organizations
(E9). Our results reveal that Value 2 in the Agile Manifesto, as depicted in Table 2.1, often
makes people underestimate the benefits of documentation efforts and start not documenting
at all (E9). E9 talks about this misinterpretation as follows:
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The key challenge, in my opinion, is working in an agile way is often misunderstood.
So, some people think that working agile means not documenting at all, and I think it is
crucial to document. But I heard people saying, "We work in an agile way." [...] They are
just trying to justify that they were not organized, not structured, not really aligned as a
team, and not really taking care of documentation. That often led to the project failing. So,
I think it makes sense to document whatever you do, even if it changes quite often.

Consequently, misinterpretation of agile values and principles shows up as a barrier in front
of knowledge sharing and coordination, as proper documentation efforts are identified as a
facilitating factor by many experts in our study (E1, E3, E4, E9, E10). This marks the clear
communication of agile values and principles as an important step towards enabling effective
knowledge sharing and coordination in large-scale agile environments. The facilitating nature
of documentation efforts is further demonstrated in Section 6.3.1.

6.2.8. Unawareness

Our literature review reveals that unawareness shows up as a barrier to inter-team knowledge
sharing and coordination in large agile organizations [17] [71] [75]. Our interview study
further identifies two types of unawareness that hinder effective knowledge sharing in large
agile organizations (E8, E11).

Unawareness of Other People’s State

People often fail to assess the existing knowledge level of their colleagues and talk about
the ideas in their minds without putting them into concrete contexts (E8). However, sharing
knowledge does not always guarantee a complete understanding of the knowledge by the
receivers, as the receivers often modify the input in their minds [58]. In addition, knowing
who knows what helps with creating a shared mental model, which, consequently, facilitates
better coordination [75]. Therefore, being aware of the receivers’ state of mind and current
knowledge level is critical to ensure that knowledge sharing occurs as intended and the teams
coordinate efficiently. As demonstrated in Section 6.2.1, E1 highlights the significance of
the receivers’ current state by mentioning that their off-shore colleagues often do not fully
grasp what they mean in certain contexts, since the product in question does not exist in
their culture (E1). Similarly, E8 explains the importance of putting explanations into certain
contexts with the following imaginary example:

Deep in mind, you do not even know that it is (the) knowledge other people do not have.
[...] What would you expect about talking about the German word Mutter? It might be
your mom, or it might be somebody who is really taking care of you. It might be a part of
a screw where you put it together, the thing with a hole and screw. That is called Mutter,
as well. So, if you use Mutter and you do not talk about what the context of that word (is),
you lose people, and that is a big obstacle.
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Unawareness of One’s Own State

Besides being aware of other colleagues’ states to better communicate and share knowledge
with them, self-awareness of one’s own state is also observed to be an important factor
affecting knowledge sharing in large agile organizations (E11). Unawareness of one’s own
knowledge is considered one of the most crucial barriers to effective knowledge sharing by
E11 and is explained as follows:

People are not even aware of the importance of their knowledge. [...] (They think,) "I
know about this, for me it is common sense, so why should I tell anyone that I know this?
For me it is common sense, I would expect that many others know about this as well."
So they’re just not being triggered in the sense, but hey, you know about something that
could be probably of worth for someone else!

E11 further identifies two additional reasons why people do not share their knowledge. These
reasons are demonstrated in Section 6.3.7 in the context of facilitating knowledge sharing.

6.2.9. Lack of Management Support

Our interview study exhibits that lack of management support is one of the barriers to
effective knowledge sharing and coordination in large-scale agile organizations (E4, E9, E10).
Managers often tend to prioritize the number of features to be rolled out over the quality
of the overall product by focusing on the short-term goals (E4) and do not prefer agility as
much as the teams (E3). However, they should rather emphasize the vision and the goals
of the product or project in question (E10). When there is no explicit top-level management
support, effective knowledge sharing and coordination practices become harder to implement
in practice (E9).

6.2.10. Project Kick-Off

The project kick-off phase, just by itself, is reported to be a challenge regarding coordination
by two experts in our interview study (E6, E10). E6 explains why it deteriorates coordination
as follows:

It is always a challenge if you start a new project. Even (if) you have been doing Scrum
for several years, and maybe even with more or less the same people in the same customer
environment, every time you go into a new Scrum project, you have to understand how
everyone estimates, how much the story point is worth, then what is an easy task, what is
a complex task, all of these things. Even that is already (a) problem.

Unlike the other barriers presented in this chapter, the project kick-off phase is, by its very
nature, impossible to avoid completely. Although several attempts can be put into practice
to make the onboarding a smoother process, it is usually thrown out of focus since it is a
challenge experienced only by newcomers, and consequently, people tend to forget about
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it once they pass this phase (E10). Yet, some organizations implement certain constructs
specifically designed for the initial stages of the projects, such as the formulation of a small
inception team [58]. In this construct, the team consisting of Project Managers, Technical
Leads, and Business Analysts participates in the project inception and prepares documentation
regarding the outcomes of the meeting [58]. The team assesses the project’s viability, and if it
kicks off, they share extensive knowledge about it with their teams [58]. This practice works
as a mechanism for knowledge transfer [58], and we propose that similar constructs, possibly
with different team formulations depending on the organizations, specifically designed for the
project kick-offs can be highly useful to achieve effective knowledge sharing and coordination
in large agile organizations, as they would address one of the barriers reported directly.

In addition, our interview study identifies the additional barriers to effective knowledge
sharing and coordination, such as inadequate tools (E7), redundant meetings (E3), and lack
of clear responsibilities (E7, E9), which are not covered in separate subheadings as they are
not elaborated further by the experts. A comprehensive list of all barriers identified and
their effect on knowledge sharing and coordination practices can be found in Table 6.4. In
certain cases where the effect on the knowledge sharing or coordination practices is not
clearly evident but still implied by the findings of the systematic literature review and the
interview study, the term indirectly is added in the respective rows.

6.3. Facilitators for Effective Knowledge Sharing and Coordination

Our results highlight a variety of facilitating factors for effective knowledge sharing and
coordination in large-scale agile environments. In this section, identified facilitators are
presented and put into perspective by referring to the findings of the literature review
whenever appropriate.

6.3.1. Documentation Efforts

Although Value 2 of the Agile Manifesto prioritizes working software over extensive doc-
umentation [1], the results of our interview study combined with our findings from the
literature review suggest that thorough documentation efforts are still highly beneficial to
improve effective knowledge sharing and coordination in large-scale agile organizations. In
total, seven experts in our interview series revealed that a successfully implemented docu-
mentation strategy substantially helps with the different aspects of their knowledge sharing
and coordination activities. E4 talks about the importance of documentation as follows:

People underestimate how important documentation is, so people say, "OK, we know it."
but they always underestimate the fact that people leave (the company). If you have a
good documentation, that helps in the future so much, not only because when you onboard
someone and do the knowledge transfer easily, also in case you have an issue, [...] if you
have a good documentation, you can solve (it) much better.
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Barrier Knowledge Sharing Coordination

Personality Traits ✓ ✓

Language ✓ ✓

Cultural Differences ✓ ✓

Lack of Experience ✓ ✓

Limitation of Ad-Hoc Exchanges ✓ ✓

Inability to Use Physical Tools ✓ ✓

Inability to Overhear ✓ indirectly

Inability to Observe Colleagues ✓ ✓

Inability to Use Body Language and Facial Expressions ✓ ✓

Time Zone Differences ✓ ✓

Insufficient Documentation Efforts ✓ ✓

Involvement of External Parties ✓ indirectly

Lack of Transparency ✓ ✓

Misinterpretation of Agile ✓ indirectly

Unawareness ✓ indirectly

Lack of Management Support ✓ ✓

Project Kick-Off ✓

Inadequate Tools ✓ ✓

Redundant Meetings ✓

Lack of Clear Responsibilities ✓

Table 6.4.: Identified barriers in the interview study

The expert further explains that they built a habit of ensuring they do not close the sprints
before the entire documentation is finalized, even if all the tasks in the current sprint are
completed (E4). In this way, they enable easy access to the knowledge within the organization
(E4).
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The interview study identifies two main functions of documentation efforts while enabling
knowledge sharing and coordination: Firstly, it serves as a bridge over which the knowledge
sharing occurs between the generations of team members in an organization, and secondly, it
replaces redundant meetings whenever possible.

Documentation as a Bridge Between Generations of Team Members

As people join and leave organizations, documentation is a crucial practice to maintain a
link and ensure continuous knowledge transfer. Quit of the experienced team members,
especially experienced developers in the context of software development, from the project
or the organization results in the loss of important knowledge [76]. Three interviewees in
our interview study particularly stated that extensive documentation helps reduce the gap
between the different generations of team members in their organization (E1, E9, E10). E1
talks about the problems emerging with the lack of documentation as follows:

To be honest, this is a journey over time. When [...] you think five years in the future, then
all the team members do not exist anymore because your business, as usual, is only five or
ten percent of your initial set. (You make) efforts to set everything up, and then you still
have no summary of the documentation. So here I am talking about communication over
generations of people, let’s say this way.

Further, they explain how they attempt to cope with this issue in their teams, particularly
from the perspective of enabling software developers:

For example, we have our rules that in the source code, you have to include with each
change [...] the link back to the feature (in GitHub). So when in five years, someone is
looking at the application and asking himself, why this is working in this way and not the
other way, he always has the reference back to the initial feature. And this is, for example,
something which is often forgotten.

Similarly, E9 discusses the same issue from a broader perspective:

Because if, for example, someone is leaving the team and someone is joining, it makes it
easier to have it all in one place, have it all documented like, "OK, that’s where we were
coming from. That is where the challenges lay." Also, if you think ahead of the retros and
the lessons learned, it makes sense to document everything. Because then if you look back,
you can find out, "OK, we will figure out what could have been done better or not."

Supporting the views of E1 and E9, E10 puts emphasis on the onboarding process and argues
that new members of an organization should ideally be able to find the knowledge they need
to onboard themselves in the organization smoothly to be able to complete the whole process
efficiently (E10).
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Documentation as a Replacement for Redundant Meetings

One of the interviewed experts highlights the importance of documentation as a mechanism
to eliminate redundant meetings, and consequently, to facilitate knowledge sharing and
coordination practices as follows (E3):

If there is a platform (where) they can update as the changes occur, like they can change
the status and everyone can go and look at that, how it is going. So it is not like, no, there
are 10 tasks and they are going task by task. How is the first one, the second one? So they
can update everyone doing the first one, they can update the status and you do not need to
waste two hours every week.

Considering the fact that time management is often an important aspect of knowledge sharing
and coordination activities (E2, E3, E6), the elimination of certain meetings can help enable
efficient knowledge sharing and coordination by increasing people’s availability (E3).

6.3.2. Efficient Usage of Tools

As outlined in Section 6.1.3, our research identifies various online tools that are used for
knowledge sharing and coordination directly or indirectly, such as Confluence4, Jira5, and
Microsoft Teams6. However, the results of the interview study suggest how exactly these tools
are configured and used in an organization highly impacts whether they facilitate knowledge
sharing and coordination. When the online tools are not set up efficiently, they can become
overwhelming for the team members [73].

For the software developers, E1 mentions the importance of a subtle but effective detail
regarding the usage of the version control and repository tools, Git7 and GitHub8. The
interviewee argues that linking back to the feature with each change committed allows future
developers to understand the implementation process much better, and thus facilitates knowl-
edge sharing and coordination between the generations of developers in the organization
(E1). Similarly, E4 highlights the importance of linking Jira tickets whenever a team member
documents something, regardless of what is being documented on which platform by which
individuals (E4). The expert emphasizes that an efficient setup of communication tools is the
key to effective knowledge sharing and coordination (E4), and explains their approach to this
as follows:

I think an efficient Microsoft Teams or Slack, whatever you are using, setup is crucial. [...]
Sometimes people make the mistake that [...] they put, for example, business stakeholders
all the time in a chat with the development team, with a huge development team. I find this

4https://www.atlassian.com/software/confluence
5https://www.atlassian.com/software/jira
6https://www.microsoft.com/en-us/microsoft-teams/group-chat-software
7https://git-scm.com/
8https://github.com/
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super inefficient. [...] We were using an efficient (Microsoft) Teams setup, [...] so we had a
Teams group, and then multiple channels, [...] for example, (for) operations, for discussing
issues from live systems, for development teams, (for) pure business topics, and so on.
There were also secret ones, and only people who should really be notified were getting
those alerts. So in case we had something for the development team, or for the release, or
suddenly if we needed to contact someone, then yes, we shared the information always
with everyone. [...] We do not need to put the developers in a chat with 50 people and
disturb (them) all the time, so I think that is also very important for knowledge exchange:
efficient usage of those chat tools.

Several other experts also mention a similar, function-based setup of their communication
channels (E6, E7, E9). E6 explains that they face a certain challenge while communicating
via Microsoft Teams because of the different notification settings for channels and chats; the
former notifies everyone, and the latter does not. In their organization, they avoid this by
applying a Microsoft Teams configuration in which the channels are organized according
to the interests of different subgroups, similar to the setup mentioned by E4. However, E6
additionally emphasizes the importance of having an overarching separate chat to inform
everyone, and says:

"If it is something for everyone, then it is the main chat. For example, if I want to take a
few days off, then I write this in the chat to see if everyone is alright with it. Everyone says
and sums up, and so it is acknowledged by enough people (that) you can take off basically."

E7 talks about the same issue but for another tool, Confluence9, and considers its current
usage at their organization as an obstacle for effective knowledge sharing and coordination
(E7), implying the facilitating nature of an efficient setup:

Another obstacle [...] is our documentation in Confluence. This is huge, historically
grown, and not very structured. So it is difficult to find the information if you want
to find something. And basically, everyone uses their own bookmarks, (and) structure
of bookmarks to access our Confluence pages. But it’s not using the Confluence page
hierarchy, because it is a mess.

In line with the elaborations provided by E4, E9 expresses their view on the distraction
arising from inefficient setup of communication tools with crowded chats, and further makes
suggestions about how the ideal setup should be decided:

If you have [...] big chats, especially if you have like a large team of 15 people, and everyone
is typing down [...] whatever they think about, it takes a lot of time, you get distracted, you
read through it, and you are like, "OK, it does not really matter, it does not really affect
me." But you are (still) distracted all the time. [...] (Therefore) I am not a big fan of having
these big chats, but you should have like a really structured MS team (in Microsoft Teams).

9https://www.atlassian.com/software/confluence
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So, I think the team, once you start the project, should think about how to structure it in
the best way possible, and that everyone is happy with and everyone thinks it is the best
way to collaborate with each other.

The results of our study suggest that it is wise to focus on the exact implementation and
the usage of the tools rather than solely counting on their rollout in the organization if the
knowledge sharing and coordination practices are targeted to become as efficient as possible.
Especially for online communication tools such as Microsoft Teams and Slack, careful selection
of participants for each chat, channel, or group is essential to make sure the knowledge that is
intended to be shared reaches the relevant audience and does not disturb the other members
that are not likely to be interested in the knowledge in question. In light of these findings, the
next subsection extends the participant selection concept beyond the online communication
tools and discusses its importance for the organizational structures and the meetings in
general.

6.3.3. Proper Selection of Participants for Organizational Structures and Meetings

In total, five experts in our interview study explicitly reported the significance of selecting the
right audience for a meeting or an organizational structure to facilitate effective knowledge
sharing and coordination (E1, E2, E3, E7, E8). E1 argues that meetings are efficient only when
the right participants are involved (E1), and, to make it concrete, gives an example of an
inefficient setup where an all-staff meeting with 600 people takes place and a very specific
topic that is only relevant for a small number of participants such as the length of a name
field is discussed. In this case, the expert suggests that either the participants or the agenda
of the meeting need to be revised in order to enable efficient coordination (E1). E2 puts
emphasis on the time issues that might potentially arise if the team members are expected
to participate in many different types of meetings without careful elimination because they
would not have enough time to work on their actual tasks (E2). In a similar manner, E3
believes that not everyone needs to be involved in every meeting, and explains that in their
current organization (FoodCo), they are putting special efforts to minimize the length of
some of their Scrum meetings to keep them under 20 minutes so that the schedules of the
participants can be relieved as much as possible. E7 considers including too many people
in the meetings as one of the most important reasons why the meetings in their current
organization (TransportCo) are not as efficient as they could be. The following quote from E8
summarizes the above-mentioned points as follows:

You really have to look at who should be part of the meeting, who is learning in the meeting,
and who is bringing content to the meeting. So that is where you really have to look at,
especially in a scaled structure where you have to have more meetings because every scaled
agile structure brings with it more meetings and more overhead.

However, the selection of the participants might not always be a straightforward task due to
the trade-offs arising between letting the team members focus on their tasks and keeping them
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up-to-date with regular meetings (E2). E2 explains his view on this and gives an example
from his previous organizations:

In one of my previous roles, I had these situations that people were complaining that there
were too many meetings. Then I said, "OK, then pick only the ones that are relevant to
you." And some people picked half of them, some people picked most of them, some people
picked none of them. And then they started complaining that they did not know anything.
So there is no silver bullet here. It is like a trade-off that you need to find the balance. And
also, once you find the balance, at this point in time it may work. The balance may be
right one month from now, but two months from now or three, the situation may change
and you may need to attend more meetings or fewer meetings, because the situation in
the project or product changed. So even if you find the right balance, then there will be
situations that you will need to adjust because of the situation around you.

The results show that participant selection for the meetings and the organizational structures
is a crucial facilitator for effective knowledge sharing and coordination, but at the same time,
it is hard to achieve due to the complex nature of large-scale agile organizations, changing
environments, number of people, and consequently arising trade-offs.

6.3.4. Emotional Bonding

In recent years, many organizations have adopted remote work at an increasing pace [72].
As a result, colleagues who would normally see each other occasionally in the office, during
lunch, or at a specific event have substantially decreased their chances of interacting with
each other in person. Although the overall advantages and disadvantages of remote work are
beyond the scope of this thesis, we investigated the subject from the perspective of effective
knowledge sharing and coordination and asked all interview partners whether they observe
any difference between working remotely and being co-located with their colleagues in this
sense. This subsection introduces one of the resulting factors that emerges from the interview
study as a facilitator, which we describe as emotional bonding. The remaining aspects of
remote work regarding knowledge sharing and coordination are discussed in Section 6.2.2.

In our interview study, eight participants highlighted the importance of having some type of
emotional connection with their colleagues as a significant facilitator for effective knowledge
sharing and coordination in their organizations (E1, E5, E6, E7, E8, E9, E10, E11). E1 and E5
remark that it is significantly easier to communicate with their colleagues when they can freely
catch their facial expressions and look them in the eye so that they can receive the emotional
elements of the communication (E1, E5). While talking about an instant language translation
tool their organization (ConsultCo1) is about to roll out, E1 mentions the significance of the
emotional part of communication as follows:

But it is not only the language translation. It is also when you listen to someone in their
own language or their own saying. Then you understand, even in a nonverbal (sense),
what is important for him or not. And this is [...] (the) emotional level of communication.
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Similarly, E5 talks about how they benefit from being able to catch the emotional elements in
a conversation:

If you look into each other’s eyes, especially during the retrospectives, et cetera, you can
read more than you can ever via a webcam or a (Microsoft) Teams meeting or something.
[...] Even if someone is not saying something, they are saying something. And if you
cannot see that, that gets lost.

E6, E7, E8, and E9 focus on the importance of getting to know their colleagues better in order
to communicate effectively with them at later stages. E6 and E9 highlight that establishing a
personal connection is particularly necessary in the initial phases of team formulation and
kick-off to establish some bond, and E6 and E10 further emphasize that social activities such
as going out in the evening, doing some sports, and coming together to drink some coffee
help a lot to achieve that. E7 says:

Sitting together helps me to get to know my colleagues better and know how I could talk
to them and somehow get emotionally on the same level, get to know each other. And this
makes communication from remote then again easier.

Emotional bonding helps facilitate effective knowledge sharing and coordination also by
eliminating some of the barriers in front of it, such as an initial diffidence that some team
members might experience in environments where they do not feel emotionally connected
and comfortable (E10). The following quote from E10 remarks that practicing some events to
personally connect people is beneficial even if the team members are not working co-located
on a regular basis:

When you meet people there (outside) and then do the work remotely, you actually feel like,
"OK, I know the people, and I can communicate, and I can ask questions." But when you
never saw people ever and just communicated through Microsoft Teams, when you first
started out, that is a really stressful experience.

E8 argues that the meetings that are conducted with familiar team members are much more
efficient than the ones that involve other teams, which is in line with the findings of Kuusinen
et al. [49], because of already having an understanding of their personality, their language,
and what they might be implying with certain words or even looks:

I think the meetings within the team are the most efficient ones because you have the same
language, you have the same understanding, and you know each other very well. So you
just sometimes need a look or a word to get the whole thing clarified. And in a meeting
with another team, you sometimes really have to find whether you use or not use the same
topic for the same words or the same words for very different topics.

Our results encourage the implementation of mechanisms that enable members of an orga-
nization to connect with each other personally and emotionally, in order to ensure effective
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knowledge sharing and coordination. In certain contexts, even the regular meetings pre-
scribed by agile frameworks, such as Daily Scrum, can help form an emotional bond and
team spirit in agile organizations [77]. Furthermore, bonding with colleagues and establishing
a team spirit decreases the need for formal arenas for effective coordination [75]. Considering
the fact that lack of team spirit is a barrier to effective knowledge sharing [71], enhancing
emotional bonding is critical for facilitating better knowledge sharing practices (E6, E7, E8,
E9). This is particularly important for large-scale organizations mainly because of the size
and, consequently, the inability to establish personal bonds in a regular working schedule
with multiple teams. Although this is not always straightforward to implement especially in
international settings where people work from different locations, some organizations are
already attempting to promote it by integrating various approaches such as introducing an
instant online translation tool to eliminate language differences between off-shore colleagues
and enable better emotional connection (E1), and creating online rooms that aim to imitate
real-life work environment to promote spontaneous interaction between colleagues (E6) [74].

6.3.5. Flat Hierarchy

During the interviews, we asked each interviewee whether they observed any relationship
between various company structures and the effectiveness of knowledge sharing and coor-
dination practices in their organizations. The results signal that avoiding strict hierarchical
structures and reporting lines can serve as a facilitator particularly for effective knowledge
sharing in large-scale agile organizations, as three experts explicitly stated that they prefer
flat hierarchies to enable knowledge sharing (E4, E9, E10). One interview partner expressed
that enabling effective knowledge sharing and coordination is not about organizing the
structures of the organizations, but about organizing the topic itself (E11). The remainder
of the interview partners expressed that they are either indifferent between these views,
or that it depends on the exact context, but none of the experts strictly preferred classical
structures and reporting lines over flat hierarchies. In environments where there is almost no
hierarchy, it is observed that internal training sessions are much more effective, as experienced
colleagues tend to share their experiences with their younger colleagues without restricting
themselves to the pre-defined hierarchies (E4). In contrast, training sessions in more hierarchi-
cal organizations tend to have a more traditional focus on topics such as leadership essentials,
and thus, knowledge sharing does not take place as effectively as it does in flat structures
(E4). Since senior team members do not necessarily possess the best knowledge, and a junior
may well have the best information about a certain topic, removing hierarchies as much as
possible and encouraging people to share their knowledge regardless of their experience
level significantly increases the effectiveness of knowledge sharing practices, especially in
environments involving software development (E10). However, there is a trade-off between
removing strict hierarchies and maintaining the reporting lines required by the nature of
large-scale organizations, and this needs to be addressed realistically while implementing
such effective knowledge sharing initiatives (E9). These results suggest that applying a
mixture of classical and flat structures as a hybrid approach can help to find the sweet spot to
enable effective knowledge sharing in large-scale agile organizations.
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6.3.6. Ad-Hoc Exchanges

Ad-hoc conversations are considered an important part of knowledge sharing and coordina-
tion practices by many studies and experts with varying degrees [56] [65] [67] [73] (E2, E3,
E5, E6, E8, E9, E10, E11). As a mechanism, it enables high-quality communication and is
important for fast decision-making [73]. In certain contexts, employees spend most of their
time in ad-hoc meetings [65], coordinate most of their work with their teams via sponta-
neous meetings [73], and highly acknowledge the benefits of creating informal arenas for
coordination [27]. Some studies further propose that ad-hoc meetings are the most crucial
coordination mechanism in large-scale agile contexts because some scheduled meetings tend
to have a status-reporting nature, such as Daily Standups, and the coordination part is usually
neglected [56].

However, the results of our interview study challenge the generalizability of the findings of
the systematic literature review regarding the significance of ad-hoc meetings over scheduled
meetings. Our results confirm their importance as a coordination mechanism in large-scale
agile environments but further suggest that they might not necessarily be more efficient than
scheduled meetings (E3, E4, E5, E7, E8, E11). E3 compares ad-hoc exchanges and scheduled
meetings as follows:

I believe the scheduled meetings are important. [...] If the team comes prepared for the
scheduled meetings, the time can be reduced significantly. [...] Even Daily Scrum or
Sprint Review would be a lot easier and smoother. [...] And in the ad-hoc part, it can be a
distraction to the team if it happens constantly. [...] But it is also very beneficial if you
have some issues that are happening to you and you cannot solve them without any help.
You just need to go to that person without waiting for the next meeting. [...] And I believe
(that) ad-hoc meetings have more purpose than scheduled meetings. So, go to solve that
specific issue in 10 - 15 minutes and they solve it. But in the scheduled meetings, it is,
more or less, more relaxed because you still have the next one.

Along the same lines, several other experts also emphasize that both ad-hoc and scheduled
meetings have their own benefits, and one cannot be picked over the other (E5, E6, E8, E11).
Some experts even strictly prefer scheduled meetings over ad-hoc exchanges (E4, E7). E4
explains their reasoning about why scheduled meetings are more efficient as follows, with a
concrete recent experience:

I think scheduled meetings are better, [...] because you can prepare better. [...] Since last
week, I am doing a lot of knowledge transfer sessions for new developers, and I needed to
explain today some very complex financial processes within the application. So, if someone
would come to me and say, "Hey, now just in 30 minutes or 20 minutes, explain this
stuff to me!" I would have explained, but it would probably take double the time because
I would struggle a lot during the meeting. However, I spent yesterday one hour or so, I
prepared for different scenarios (and) functionalities, [...] I searched for good test data, [...],
I brought them to order, [...], and then the meeting was much more efficient. So I think I
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find [...], in terms of knowledge sharing, the scheduled and planned, prepared meetings
much more efficient.

Conversely, E10 sees the comparison from another view and argues that ad-hoc meetings
are much preferable, especially from the software developers’ perspective (E10). Scheduled
meetings have the possibility of becoming redundant as there might not always be an
agenda for the reserved time slot, but ad-hoc exchanges usually have a clear purpose defined
beforehand (E10).

These diverse views, which are highly expected in cross-functional teams where different
roles have varying interests as Ghobadi and Mathiassen [60] emphasize, regarding the
comparison between ad-hoc and scheduled meetings highlight that the findings of our
systematic literature review regarding the strict preference for ad-hoc meetings over scheduled
ones are not generalizable in practice. Additionally, our results further show that the exact
context of the ad-hoc meeting taking place is also a highly crucial factor in determining its
efficiency. Therefore, although they are considered a valuable part of knowledge sharing
and coordination practices [56] [65] [73] (E2, E3, E5, E6, E8, E9, E10, E11), their application
might not always ensure efficiency. To reap the benefits of ad-hoc exchanges, another
facilitator, namely the appropriate meeting selection that is discussed in Section 6.3.7 needs
to be addressed so that the content of the intended exchange suits the nature of the ad-hoc
meetings. In addition, the distraction factor should also be taken into account to achieve an
effective realization (E1, E3, E11).

6.3.7. Appopriate Meeting Selection

Picking the right type of meeting and deciding whether that meeting is needed or not
is considered essential for effective knowledge sharing and coordination by three of the
interviewed experts (E1, E9, E10). The following quotes from E1, E9 respectively, summarize
their view on this:

The efficiency of a meeting is always a question of expectation (of people) and what you
expect. And you have to use the right type of meeting at the right moment.

I think it is really important to have (scheduled meetings), but maybe not too many. So
(we should) not have meetings (just) for the sake of having meetings, to be honest.

E10 proposes an approach for deciding when to have a meeting or not, which is in line with
Value 2 and Principle 7 of the Agile Manifesto [1] that prioritize working software:

If the cost of implementation is lower than the time of a meeting, we should not have a
meeting. We should just have a prototype, we should just implement and see how it goes.

As a result, putting a certain amount of effort into choosing the right type of meeting and
eliminating the ones that are not required can significantly increase the effectiveness of
knowledge sharing and coordination activities in large-scale agile organizations, as effective
use of time is critical (E2, E6).
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6.3.8. Encouraging Knowledge Sharing

One of the enabling factors discovered during the interview study is the encouragement of
all team members to share their knowledge (E4, E11). E11 identifies three main reasons why
people do not share their knowledge:

• Unawareness of one’s own knowledge’s significance

• Unwillingness to deal with the consequences

• Being uninterested in sharing knowledge in general because of seeing knowledge as a
personal advantage

The second and third reasons are in line with the findings of Huber [78] who states that
people tend to keep their knowledge to themselves when they think that sharing it will
make them lose their relative advantage against their colleagues [78]. This highlights the
importance of personal motives in knowledge sharing activities and the potential benefits of
implementing certain incentives that encourage people to share their knowledge with their
coworkers.

Yang & Wu [41] investigate the ways to promote knowledge sharing in organizations and
propose a rewarding scheme to incentivize it. They conclude that rewarding individual knowl-
edge sharing actions is more effective than periodic rewards adopted at the organizational
level [41]. Along the lines of Yang & Wu [41], E11 suggests that making people proud of what
they have is the key to tackling the three identified reasons for not sharing knowledge within
the organizations (E11). To achieve this, a transparent work environment that encourages
people to share their knowledge proudly is essential (E11).

E6 emphasizes the need for getting the courage to trust oneself to be able to interact with
colleagues effectively (E6). E4 sees the encouragement of people to share their knowledge as a
crucial factor for effective knowledge sharing and stresses that when people share knowledge,
the other team members are also motivated to share their knowledge (E4). Therefore, initiating
a company culture that triggers at least a certain group of people in the organization to freely
share their knowledge can be scaled much faster with a snowball effect, and can facilitate
knowledge sharing at a much higher pace than initially expected.

6.3.9. Clear Definition of Roles

When an organization attempts to scale a particular agile framework to a larger extent, the
definition of the roles is not always clear [79]. However, defining clear roles is observed to be
a facilitating factor for coordination in large-scale agile contexts (E7, E9). When the roles are
unclear in certain meetings involving cross-functional members, participants often end up
discussing the same topic repeatedly (E7). Similarly, members of large teams spend too much
time answering the same questions that were already addressed previously [76]. Instead,
synchronizing a common understanding of roles across the teams enables more effective
coordination (E7).
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Table 6.5 outlines the facilitators identified in the interview study and their effect on knowl-
edge sharing and coordination practices.

Facilitator Knowledge Sharing Coordination

Documentation Efforts ✓ ✓

Efficient Usage of Tools ✓ ✓

Appropriate Participant Selection ✓ ✓

Emotional Bonding ✓ ✓

Flat Hierarchy ✓

Ad-Hoc Exchanges ✓ ✓

Appropriate Meeting Selection ✓ ✓

Encouraging Knowledge Sharing ✓

Clear Definition of Roles ✓

Table 6.5.: Identified facilitators in the interview study

56



7. Discussion

This chapter discusses the key findings of this thesis and describes its limitations.

7.1. Key Findings

This section summarizes the key findings of this thesis.

Knowledge sharing and coordination are tightly coupled, and a barrier or a facilitator
affecting one of them is very likely to affect the other

In this thesis, we studied knowledge sharing and coordination simultaneously to find out
through which mechanisms they take place and how they are affected by certain barriers
and facilitators in large agile organizations. Investigating them parallelly enabled us to
identify the patterns showing their correlation in certain contexts. Although the existing
literature investigates the two individually and does not elaborate on their connection, the
interview study of this thesis highlights that knowledge sharing and coordination are tightly
coupled in large-scale agile contexts. Even though a mechanism such as a meeting, tool, or
organizational structure might have a primary goal of supporting either knowledge sharing
or coordination, the results show that most of the mechanisms also indirectly help unintended
practices regarding knowledge sharing or coordination to occur. Likewise, a barrier or a
facilitator affecting one of them is highly likely to affect the other. When asked about the
barriers and facilitating factors of knowledge sharing and coordination, the experts mostly
did not differentiate between the factors in terms of knowledge sharing and coordination and
provided joint answers. This indicates that despite their unique definitions, both share a large
set of common challenges and facilitators. This finding also remarks on the importance of
keeping an eye on the other while investigating one of them, so that the unintended practices
resulting from the other can also be taken into account.

Contrary to the findings of the existing literature, ad-hoc meetings are not necessarily
more efficient than scheduled ones

The findings of the systematic literature review conducted as a part of this thesis show
that ad-hoc meetings are proposed to be a more efficient mechanism than their scheduled
counterparts [56] [67] [73]. Our interview study examined whether the results of the case
studies regarding the efficiency of ad-hoc meetings are generalizable to broader contexts in
practice. The results confirm the significance of ad-hoc exchanges for knowledge sharing
and coordination but further demonstrate that they are not always more effective than the
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scheduled meetings. In certain situations where a thorough preparation of the presenters is
required to enable more effective knowledge sharing and coordination during a meeting, it
is more beneficial to schedule the meeting with clear goals defined beforehand so that the
presenters can use their time more effectively. In addition, ad-hoc meetings should be used
in a way that ensures minimum disturbance to colleagues, as spontaneous requests are also
reported to have a disturbing nature in certain contexts.

The implementation details of the online tools used for knowledge sharing and
coordination are as important as the tools themselves, and the exact way they are used
decides whether they work as effective mechanisms for knowledge sharing and
coordination

The results of our study suggest that investigating the usage of online tools for knowledge
sharing and coordination purposes is only meaningful when their exact implementations
are taken into account. With inefficient setups, these online tools can substantially lose their
beneficial functionalities, and reaping their benefits as knowledge sharing and coordination
mechanisms can become significantly difficult. This also relates to the next key finding of this
thesis as described below.

Although an online tool is not initially designed to be used for knowledge sharing or
coordination purposes, it can still act as an important mechanism for knowledge sharing
or coordination practices in large agile organizations

The previous key finding described above highlights the significance of the exact setup of
online tools to be able to reap their benefits to their full potential. Our study further shows
that even the tools that do not seem to be relevant for knowledge sharing and coordination
practices at first sight, can become significantly useful mechanisms when they are used
appropriately. These tools include design tools that enable knowledge sharing, as well as
requirements management, version control, and repository tools such as Doors, Git, GitHub,
and Bitbucket which facilitate both knowledge sharing and coordination. Therefore, the search
for relevant practices while investigating knowledge sharing and coordination mechanisms
should not be limited to well-known approaches in order to understand the full picture better.

Certain mechanisms whose primary goal is to facilitate knowledge sharing can indirectly
enable effective coordination activities even if they are not intended to be doing so

The findings of this thesis reveal that certain knowledge sharing mechanisms facilitate coordi-
nation activities in large agile organizations. Agile Coffee Break, which is initially introduced
as a knowledge sharing mechanism that helps colleagues to have a common understanding
and awareness of what the others are doing, can indirectly mitigate the dependency awareness
challenges [17] [68], and consequently enable more effective knowledge sharing practices.
Similarly, COPs, whose main objective is to enable knowledge sharing across interested
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individuals in a certain field, can serve as an indirect coordination mechanism by helping
team members from various teams coordinate dependencies (E7).

Certain barriers and facilitators are inter-connected, and one of them can potentially create
a snowball effect on the others, and consequently, can favor or hinder effective knowledge
sharing and coordination even more than it would do just by itself

Our study identified several connections among the barriers and facilitators of knowledge
sharing and coordination practices in large agile organizations. For instance, although the
involvement of external colleagues is identified as a standalone barrier by itself, this thesis’
results highlighted that it could further hinder transparency or even increase the existing
lack of transparency in an organization (E5). Similarly, transparency, which is identified as
a facilitating factor, enables a work environment where the members of the organization
can feel proud of their knowledge and, therefore, feel encouraged to share their knowledge,
which is another facilitator identified in this thesis (E11). Ad-hoc exchanges, which is one
of the identified facilitators, require careful assessment before being chosen as a suitable
mechanism for the given context (E4), which relates back to another identified facilitator,
appropriate meeting selection. These connections can be critical for organizations and should
be examined carefully, as the cascading nature might create a snowball effect, which can be
highly beneficial if it is initiated by the facilitators, but can deteriorate the existing situation
drastically if it originates from a barrier.

Besides the identified mechanisms and facilitators, subtle procedures and habits are also
used to enable more effective knowledge sharing and coordination

Subtle procedures such as providing a link back to the feature in GitHub in the source code
(E1), not closing the Sprints without finalizing the documentation even if all the tasks of
the Sprint are completed (E4), and regularly adding needed documentation efforts into the
personal task list (E6) are observed to be minor but effective mechanisms actively used by the
experts in the industry to enable effective knowledge exchange and coordination.

Human factors and challenges resulting from remote work settings constitute a substantial
part of the barriers to effective knowledge sharing and coordination

Regardless of which mechanisms and means are implemented, personal motives are observed
to be crucial for knowledge sharing and coordination practices to take place effectively, as
many experts report human-related factors as barriers emerging in various contexts. Similarly,
remote work brings several interconnected challenges that are hard to completely eliminate
with online tools.

59



7.2. LIMITATIONS

7.2. Limitations

This section presents the limitations and threats to the validity of the results in this thesis.

The first limitation relates to the data collection process. Although this thesis is advised and
supervised by two other researchers, without overlooking their contributions, it is important
to highlight that this is an individually conducted study. This particularly affects the interview
study, in which the number of interview partners and the length of the interviews depend
highly on the number of researchers. By including more researchers in the study, it would
be possible to conduct, transcribe, code, and analyze many more interviews, which would
potentially help with the validity and the generalizability of the findings. Similarly, the
number of existing publications that can be reviewed is also highly affected by the number
of researchers in the study. With the inclusion of additional researchers, a wider range of
publications could have been reviewed and analyzed to enlarge, support, and validate the
current findings of the study.

The second limitation of this study arises from the limited time frame. Since this master’s
thesis had a strict start and due date, it differs from other studies in the sense that the available
time for the data collection cannot be decided by the researcher; rather, it is pre-defined.
For instance, as outlined in Chapter 3, several publications are based on years of on-site
observations, or tens of expert interviews. Like the limited number of researchers, the limited
time frame makes such an extensive data collection infeasible.

In addition, the interview study of this thesis has a potential limitation regarding the repre-
sentativeness of the interview partners [80]. Possibly, conducting the interview series with a
different set of experts might have produced different findings, which results in a potential
validity threat.

However, various approaches were followed during the study to counter the validity threats
mentioned above. To avoid the criticism that case studies face regarding the generalizability
of their results [13], our interview study did not focus on a specific organization and enlarged
the coverage by including many different organizations and roles. In addition, interviewees
were encouraged to share their past experiences in large-scale agile environments besides their
current organizations to counter the above-mentioned data collection limitations. Moreover,
the conducted systematic literature review also helped counteract the validity threats that are
inherent to the interview studies, as it provided the opportunity to validate certain findings
by including the results from the existing research.
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8. Conclusion and Future Work

The last chapter of this master’s thesis summarizes the thesis and outlines potential future
work.

8.1. Summary

In this master’s thesis, mechanisms for effective knowledge sharing and coordination in large
agile organizations are investigated. For this purpose, a systematic literature review and an
interview study were performed in conjunction. The systematic literature review provided a
rich set of case studies and highlighted the foundations for the interview study as well as
certain key findings to be validated. Using these foundations, the interview study proceeded
to identify the mechanisms for knowledge sharing and coordination, assessed the findings in
the literature and their generalizability, and provided additional insights about the knowledge
sharing and coordination mechanisms in large-scale agile environments. The interview study
included 11 experts in total, covering 16 different roles as their past experiences were also
investigated to mitigate the limitations of the study regarding the data collection phase. With
this research approach, this thesis answered the following research questions.

Research Question 1: How do knowledge exchange and coordination take place
in large agile organizations, and which mechanisms are used for this purpose?

The interview study of this thesis identified 41 knowledge sharing and coordination mecha-
nisms used in large agile organizations. These mechanisms were divided into three categories,
namely meetings, organizational structures, and tools. The identified mechanisms included
well-known, framework-specific mechanisms as well as company-specific approaches. Since
one of the key findings of this thesis is the tightly coupled nature of knowledge sharing
and coordination practices as explained in Chapter 7, the identified mechanisms were not
classified further between knowledge sharing and coordination. Instead, each mechanism’s
primary goal was presented, as depicted in Table 6.1, Table 6.2, and Table 6.3.

Research Question 2: What are the barriers to and facilitators for effective
knowledge sharing and coordination in large agile organizations?

In the interview study of this thesis, 20 barriers, and 9 facilitators for effective knowledge
sharing and coordination in large-scale agile organizations were identified. Our study
revealed that challenging and enabling factors mostly tend to impact knowledge sharing and
coordination practices in a similar way. Their impacts are classified as direct or indirect and
depicted in Table 6.4 and Table 6.5.
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Research Question 3: What are the benefits, trade-offs, and application contexts
of knowledge exchange and coordination mechanisms in large agile organizations?

Our study highlighted the benefits, trade-offs, and application contexts of certain knowledge
exchange and coordination practices in large-scale agile environments and presented them
in conjunction with the identified barriers and facilitators. While scheduled meetings were
revealed to be effective in contexts where thorough preparation before the meeting is prefer-
able, ad-hoc meetings were identified as more suitable for solving problems on demand. For
large-scale agile organizations, balancing this trade-off is crucial to ensure effective usage
of ad-hoc meetings, and consequently, more efficient knowledge sharing and coordination
practices. Similarly, formal meetings were identified to be crucial during the initial phases of
team formation to establish some emotional bonding and team spirit, while more informal
exchanges can replace them at the later stages. Furthermore, selecting the meetings appropri-
ately is shown to be a crucial aspect to consider to facilitate effective knowledge sharing and
coordination activities, which shows that the application contexts matter regardless of the
mechanism in question.

8.2. Future Work

Despite our efforts to mitigate the limitations of this thesis, due to the limited time frame
and the limited number of researchers, it was not possible to include more experts and
organizations in the study. To have more extensive data to analyze, performing the interview
study with a larger number of experts covering more organizations can be helpful to assess
the generalizability of the results found in the literature even further, as well as to identify
more mechanisms inherent to the large-scale agile organizations regarding knowledge sharing
and coordination.

Although this thesis provides a variety of barriers to and facilitating factors, due to the
limited time frame, the validation of the findings was not pursued further. Therefore, future
research can focus on validating the barriers, facilitators, application contexts, and trade-
offs identified in this study by assessing their applicability in different organizations and
large-scale environments.

Building on the findings of this thesis, future work can focus on investigating the identified
connections between the barriers and facilitators even further, and study their practical
consequences in large agile organizations. In addition, the tightly coupled nature of the
knowledge sharing and coordination practices can also be examined further to identify the
environments in which they appear and their potential divergence in certain contexts.
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A. Appendix

A.1. Interview Study Questions

A.1.1. General Questions about the Interview Partner

• What is your role at your current organization?

• How many years of experience do you have in your current role?

• Which other roles have you taken in large-scale agile organizations before?

• How many years of experience do you have in large-scale agile organizations in total?

• How many years of professional experience do you have in total?

A.1.2. Organization-Specific Questions

• What is the product that your teams working on?

• What is the size of your organization?

• What are the sizes of the teams in the large-scale agile context?

• Does your organization implement any large-scale agile framework? If yes, which
one(s)?

• How is your organization structured?

A.1.3. Questions Regarding Knowledge Sharing and Coordination

• How do you share knowledge and coordinate in your large-scale agile setting?

• Which meetings do you use to share knowledge and coordinate in your large-scale agile
setting?

• Which tools do you use to share knowledge and coordinate in your large-scale agile
setting?

• What organizational structures do you use to share knowledge and coordinate in your
large-scale agile setting?

• Which barriers do you observe in front of effective knowledge sharing and coordination
in your large-scale agile setting?
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• Which facilitators do you observe in front of effective knowledge sharing and coordina-
tion in your large-scale agile setting?

• How do you think the knowledge sharing and coordination practices can be improved
in your large-scale agile setting?

• What is your opinion on working in a remote setting, and do you think it has any effect
on knowledge sharing and coordination practices?

• What is your opinion on ad-hoc meetings, and do you think they are any different than
scheduled meetings in terms of knowledge sharing and coordination efficiency?

• How do you handle dependencies in your large-scale agile setting?
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