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Abstract

The rapid pace of technological advancements, market changes, and evolving customer
demands have driven enterprises to adopt business agility to sustain a competitive edge. This
shift is also evident in software engineering, where agile methodologies like Scrum have
demonstrated significant success in small teams. Inspired by these successes, organizations
have sought to scale agile practices across larger and more complex settings, known as large-
scale agile software development. However, this scaling introduces significant challenges,
such as managing cross-team coordination, fostering knowledge sharing, and addressing
organizational silos. Issues such as undiscovered dependencies, redundant work, and in-
consistent practices further intensify these complexities, highlighting the need for effective
communication and collaboration mechanisms. Communities of Practice (CoPs) have emerged
as a promising solution to these challenges, offering a platform for individuals with shared in-
terests to collaborate and improve their practices. While widely recognized for CoPs’ potential,
the measurement of CoPs success remains an underexplored area, particularly in large-scale
agile software development environments. Without clear metrics, practitioners struggle to
assess their effectiveness, identify improvement areas, and align CoPs with organizational
goals. This research addresses this gap by investigating how CoPs success can be effectively
measured in large-scale agile software development, aiming to provide a novel metrics catalog
for academics and industry. Through a multi-vocal research approach, including scientific
literature reviews, grey literature reviews, and industry interviews, the thesis identifies
existing metrics for measuring the success of CoPs not only in the context of large-scale agile
software development but also in the context of agile software development and general orga-
nizational settings. Besides, the investigation of success metrics for traditional organizational
structures is conducted via an unstructured literature review to gather insights into how these
organizational structures that are similar to CoPs measure their success, which lays a solid
foundation for designing the new metrics catalog. Key findings include the definition of CoP
success along two dimensions, effectiveness and health, encompassing five success aspects:
organizational value, community results, member benefits, member satisfaction, and activity
level. A metrics catalog of 237 entries with 15 measured aspects is developed, which is also
supported by tools such as the Success Metrics Pyramid, the Taxonomy-Metric-Matrix, and
metrics lists after each measured aspect to guide practitioners in aligning CoPs goals with
measurable outcomes. The novel approach proposed also integrates the value-creation stories
method to uncover causal relationships in value generation. By providing a structured process
and actionable tools, this research equips agile organizations with the means to evaluate and
optimize CoPs, which advance both academic understanding and practical application in
agile contexts.
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1 Introduction

This chapter provides the key elements guiding the master thesis. It begins with the Section
1.1 that outlines the motivation behind the thesis and shows the signi�cance and relevance
of the research topic. Then Section 1.2 introduces the three central research questions that
the thesis aims to address. In Section 1.3 the research approach is discussed by stating the
methodology and strategies for answering the research questions. Finally, the structure of the
thesis is presented in Section 1.4 that shows a roadmap of the subsequent chapters and how
they contribute to the overall research.

1.1 Motivation

The current rapid change and uncertainty in technology, markets, and customer needs enforce
enterprises to adopt business agility to keep the competitive advantage [1]. This situation is
also obvious in the �eld of software engineering [2], which leads to the birth of agile software
development methods, e.g., Scrum [3]. With the success usage of agile practices in de�ned
small teams [3], software development companies have been trying to apply them in a large
scale, e.g., developing more complex products that requires several to a dozen small teams
across the organization to collaborate [4, 5]. However, it is the complexity of large-scale
agile methods and the new organizational structure that bring novel challenges [4], such as
knowledge sharing and ef�cient coordination among agile organizations (e.g., teams, projects,
programs, and business lines). Companies also meet obstacles like undiscovered dependencies,
redundant work, silo thinking, lacking collaboration, and inconsistent agile practices [5].
All these various problems point to issues about cross-organizational communication and
collaboration, continuous improvement, and alignment [4, 5, 6]. Therefore, Communities of
Practice (CoPs) is proposed by several widely-adopted large-scale agile framework to solve
these issues [7, 8, 9, 10]. CoPs are "groups of people who share a concern or a passion for
something they do and learn how to do it better as they interact regularly" as de�ned by
Wenger-Trayner [11]. For many practitioners, however, how to measure the success of CoPs is
an understudied area, making it impossible to know appropriately whether they are doing
well or not, or how they are doing in speci�c aspects. Therefore, this thesis tries to �ll the
gap by investigating how the success of CoPs can be measured and with a particular focus
on large-scale agile software development organizations. To achieve these goals, a literature
review of scienti�c and gray literature, the analysis of already conducted expert interviews
are performed.
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1.2. RESEARCH QUESTIONS

1.2 Research Questions

In order to enable organizations to assess the success of using CoPs for large-scale agile soft-
ware development, the overall research objective is divided into the following three research
questions:

Research Question 1: What are the existing approaches to assessing the success of CoPs* in
the context of Large-Scale Agile Software Development (LSASD), Agile Software Development
(ASD), and General Organizational Settings (GOS)?

Before designing a novel approach to assessing the success of the CoPs* for LSASD, Research
Question 1 aims to provide a comprehensive understanding of the existing metrics used in the
three speci�c contexts: LSASD, ASD, and GOS. In detail, three questions are to be answered:
1) What are the current metrics and their corresponding measured aspects for measuring the
success of CoP*? 2) How is the measurement conducted? 3) What needs to be considered
when conducting measurement (good practice)?

Research Question 2: What traditional group structures within organizations are similar to
the CoPs* in the context of LSASD and how has their success been assessed?

Besides CoPs, traditional group structures that are similar to the CoPs* might also have
their success measurements that can be considered in the development of a novel approach
to measure CoPs's success. So, Research Question 2 aims to include those measurement
experiences and answer the same three questions in Research Question 1 in detail.

Research Question 3: How could a novel approach to assessing the success of the CoPs* in
the context of LSASD be designed?

Based on the synthesis from Research Questions 1 and 2, a novel approach is designed, and
2 questions are to be answered: 1) How should measurement in an agile environment be
conducted? 2) How should an approach for measuring the success of CoPs in LSASD look
like?

1.3 Research Approach

In this section, an overview of the research methodologies applied to answering the research
questions is provided.

For Research Question 1
The research is conducted through a multi-vocal research approach [12] and interview analy-
sis, which combines scienti�c literature, gray literature, and industry insights from interviews.
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1.4. STRUCTURE OF THE THESIS

Firstly, in order to identify existing evaluation methods in the scienti�c literature, a struc-
tured scienti�c literature [13, 14] review is conducted by querying seven academic databases
(e.g., IEEE Xplore, ACM Digital Library, ScienceDirect, etc.) with keywords combinations.
Secondly, a gray literature review is performed on online platforms (e.g., Google, Project
Management Institute, Scaled Agile Framework Website, etc.) to locate evaluation methods
within the community practice. Lastly, the analysis of these �ndings is combined with existing
insights from interviews conducted with industry professionals. This synthesis offers an
in-depth overview of the current landscape, which lays a solid theoretical foundation for
the subsequent phases of the research and the development of a new assessment approach.
Details can be found in Section 4.1, 4.2, and 4.3.

For Research Question 2
The research is conducted through an unstructured scienti�c literature review. Firstly, related
traditional group structures are identi�ed from founded literature in Research Question 1.
Secondly, an unstructured scienti�c literature review with the process reference to a structured
one is conducted in academic databases and online websites to locate relevant literature.
Lastly, the newly founded literature for traditional group structures is extracted with the
same method as it is in Research Question 1. Details can be found in Section 4.4.

For Research Question 3
The research is conducted through an unstructured scienti�c literature review of the existing
literature and metric catalogs in the research of the chair of Software Engineering for Business
Information Systems at the Technical University of Munich. The design process of the metrics
catalog is based on the design science approach [15].

1.4 Structure of the Thesis

The remainder of this master's thesis is structured as follows: Chapter 2 introduces relevant
theoretical foundations such as Agile Software Development, Large-Scale Agile Software
Development, and Communities of Practice. Chapter 3 presents related work on the measure-
ment of CoPs. Chapter 4 shows the details of the methodology used in the research. Chapter
5 includes the results of research questions 1 and 2. Chapter 6 is the details of designing a
novel approach. Chapter 7 illustrates the key �ndings and limitations of the master's thesis.
Chapter 8 concludes the thesis with a summary and future work. A visualization of the thesis
structure can be found in Figure 1.1.
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1.4. STRUCTURE OF THE THESIS

Figure 1.1: Structure of the Thesis
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2 Foundations

This chapter offers the theoretical foundations for readers to get the basic understanding
of the three �elds that are covered by this thesis. In Section 2.1, concepts and knowledge
related to agile software development are introduced. Followed with Section 2.2 that reviews
large-scale agile software development. Communities of Practice is introduced in Section 2.3.

2.1 Agile Software Development

Agile software development is a widely recognized methodology for software engineering
that emphasizes iterative progress, collaboration, and �exibility [16, 17, 18, 19]. Facing the
challenge of rapid change and uncertainty in technology, markets, and customer needs in
the �eld of software engineering, agile software development becomes more popular [1, 2,
20]. Originating in the early 2000s with the Manifesto for Agile Software Development [16],
this approach emerged as a response to traditional software development models, such as
the Waterfall method, which often struggled to adapt to changing requirements and rapidly
evolving technological landscapes [21, 22].

2.1.1 Manifesto for Agile Software Development

In 2001, facing the need for an alternative to documentation driven, heavyweight software
development processes, seventeen people who named themselves "The Agile Alliance" and
applied methodologies in Extreme Programming, SCRUM, Dynamic Systems Development
Method, Adaptive Software Development, Crystal, Feature-Driven Development, Pragmatic
Programming signed the "Manifesto for Agile Software Development" at The Lodge at
Snowbird ski resort in the Wasatch mountains of Utah [23]. "We are uncovering better ways
of developing software by doing it and helping others do it." [16] Through this work "The
Agile Alliance" has come to the four central values:

• Individuals and interactions over processes and tools

• Working software over comprehensive documentation

• Customer collaboration over contract negotiation

• Responding to change over following a plan

"While there is value in the items on the right, we value the items on the left more." noted by
"The Agile Alliance" along with the values.

5



2.1. AGILE SOFTWARE DEVELOPMENT

Besides these values are 12 guiding principles (see Table 2.1) that advocate for practices like
frequent delivery, sustainable development, and re�ective team processes. These principles
encourage teams to continuously improve their work�ows and adapt based on real-time
feedback [24].

P1 Our highest priority is to satisfy the customer through early and continuous
delivery of valuable software.

P2 Welcome changing requirements, even late in development. Agile processes harness
change for the customer's competitive advantage.

P3 Deliver working software frequently, from a couple of weeks to a couple of months,
with a preference to the shorter timescale.

P4 Business people and developers must work together daily throughout the project.

P5 Build projects around motivated individuals. Give them the environment and
support they need, and trust them to get the job done.

P6 The most ef�cient and effective method of conveying information to and within a
development team is face-to-face conversation.

P7 Working software is the primary measure of progress.

P8 Agile processes promote sustainable development. The sponsors, developers, and
users should be able to maintain a constant pace inde�nitely.

P9 Continuous attention to technical excellence and good design enhances agility.

P10 Simplicity–the art of maximizing the amount of work not done–is essential.

P11 The best architectures, requirements, and designs emerge from self-organizing
teams.

P12 At regular intervals, the team re�ects on how to become more effective, then tunes
and adjusts its behavior accordingly.

Table 2.1: The 12 Principles behind the Agile Manifesto [25]

Based on these principles, various methodologies have been created to apply agile, includ-
ing Scrum [26], Kanban [27], Extreme Programming (XP) [28], and Lean Development [29].
These methodologies provide speci�c structures and practices, such as time-boxed iterations
(Scrum's sprints) or visual work�ows (Kanban boards), to implement Agile principles ef-
fectively [21]. Despite their differences, all Agile methodologies share the common goal of
delivering high-quality software that meets user expectations through iterative and incremen-
tal development [19]. Agile has been helping in transforming software development across
industries by enabling teams to deliver value faster and adapt to market dynamics more
effectively [4, 30].
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2.1. AGILE SOFTWARE DEVELOPMENT

2.1.2 Scrum

Scrum is an agile framework that emphasizes iterative development through de�ned roles
(e.g., Scrum Master, Product Owner, and Developers) and time-boxed iterations known as
Sprints [26, 30]. It focuses on delivering value incrementally and adapting to changing
requirements with the three pillars (transparency, inspection, and adaptation) [26, 30]. In the
Scrum Guide [30], it is de�ned as "a lightweight framework that helps people, teams, and
organizations generate value through adaptive solutions for complex problems". Scrum is
founded on empiricism and lean thinking, where empiricism asserts that knowledge comes
from experience and making decisions based on what is observed and lean thinking reduces
waste and focuses on the essentials [30].

Scrum Team
There are three roles in a Scrum Team, namely Scrum Master, Product Owner, and Developers,
and no sub-teams or hierarchies exist inside the team [30]. They only focus on one objective
at a time, namely the Product Goal [30]. Typically the whole team has 10 or fewer people,
as smaller teams communicate better and are more productive [30]. The Product Owner
de�nes and prioritizes the Product Backlog to maximize value, acting as the primary liaison
between the team and stakeholders, and ensuring the team focuses on the most critical
requirements [30]. The Scrum Master serves as a coach and facilitator, guiding the team
in applying Scrum practices, removing obstacles, and fostering continuous improvement
through retrospectives [30]. The Developers, including developers, testers and designers,
are responsible for self-organizing and delivering tasks from the Sprint Backlog during each
Sprint, adhering to the De�nition of Done to maintain quality standards [30]. In short, Product
Owner decides what to do, Scrum Master ensures how to work ef�ciently, and the Developers
focus on the implementation process [30]. Together, these roles collaborate closely, leveraging
daily stand-ups and iterative processes to adapt to change, deliver incremental value, and
re�ne their work�ows for continuous improvement [30].

Scrum Events
There are �ve events in total, in which the Sprint (a time-boxed iteration) is the container
for all other 4 events, including Sprint Planning, Daily Scrum, Sprint Review, and Sprint
Retrospective [30]. The Sprint, as the heart of Scrum, is a time-boxed iteration (1–4 weeks)
where the team works to deliver a product increment [30]. During the Sprint, the Product
Owner ensures alignment with business goals, the Scrum Master supports the team by
removing impediments, and the developers collaboratively complete their commitments [30,
31, 32]. The Sprint Planning starts at the beginning of each Sprint, where the team determines
the Sprint Goal, selects Product Backlog items, and plans the work [30]. The Product Owner
is responsible for clarifying the priorities for the working items in the Product Backlog, the
Scrum Master facilitates the meeting, and the developers commit to the deliverables [30, 31].
The Daily Scrum is a 15-minute daily meeting where all developers review progress, discuss
plans, and identify obstacles [30]. While the Product Owner stays informed, the Scrum Master
ensures the meeting remains focused, and the team self-organizes to address challenges [30,
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2.1. AGILE SOFTWARE DEVELOPMENT

33, 34]. The Sprint Review often occurs at the end of the Sprint for showing the increment to
stakeholders for feedback [30]. The Product Owner leads discussions on future improvements,
the Scrum Master ensures engagement, and the team demonstrates their deliverables [30, 21].
Afterwards, the Sprint Retrospective is where the team re�ects on successes and areas for
improvement [30]. The Scrum Master facilitates a constructive dialogue, the Product Owner
may support but does not lead, and the team commits to actionable changes [30, 35].

Scrum Artifacts
There are three artifacts, namely the Product Backlog, the Sprint Backlog, and the Incre-
ment [30]. The Product Backlog that is owned by the Product Owner is a dynamic, ordered
list of everything needed for the product, re�ecting evolving priorities [30]. The Product
Owner ensures prioritization and clarity, while the Scrum Master supports backlog manage-
ment practices, and the Development Team re�nes and estimates backlog items [30, 35]. The
Sprint Backlog, owned by the Developers, is a subset of the Product Backlog selected for a
Sprint, along with a plan for achieving the Sprint Goal [30]. The Product Owner ensures
alignment with the product vision, while the Scrum Master facilitates updates and adherence
to Scrum practices [30, 34, 32]. The Increment is the cumulative result of completed Product
Backlog items during a Sprint, representing a potentially deliverable product. It is validated
by the Product Owner to align with customer needs, built to meet the De�nition of Done by
the Developers, and supported by the Scrum Master to ensure high quality [30, 31, 36]. All
the working �ow can be found in Figure 2.1.

Figure 2.1: The Scrum Framework [30]

2.1.3 Kanban

Kanban is a visual work�ow management method designed to optimize and improve ef�-
ciency in product and service delivery for agile [27]. Originating from lean manufacturing
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2.2. LARGE-SCALE AGILE SOFTWARE DEVELOPMENT

principles, it is now widely adopted in software development and knowledge work [27, 37].
The core of Kanban lies in its use of a Kanban board, typically divided into columns that
represent work�ow stages (e.g., "To Do," "In Progress," "Done"), with tasks represented as
cards that move across the board. This system provides a transparent overview of work
progress, identi�es bottlenecks, and limits work-in-progress (WIP) to improve �ow and reduce
cycle time [27, 38]. Kanban operates on six fundamental principles: visualizing work�ow,
limiting WIP, managing �ow, making process policies explicit, implementing feedback loops,
and continuously improving collaboratively [38]. Kanban does not de�ne speci�c roles or
time-boxed iterations, allowing teams to adopt changes incrementally without changing
existing processes [27]. It is suitable for teams requiring high adaptability and is often used
alongside other agile frameworks for enhanced �exibility and ef�ciency [36].

2.2 Large-Scale Agile Software Development

As the agile methods become overwhelmingly popular and highly effective amongst soft-
ware development teams, attention has turned to designing and implementing large-scale,
organization-wide variants of these methods [39]. The reasons behind the emergence of these
large-scale methods include a need for alignment and cohesion across many teams, deep
inter-dependencies between software development and other organisational functions such
as human resources, legal, and �nance, as well as the global trend toward large distributed
teams and product delivery at scale [39, 4]. The main large-scale agile methods include
Scaled Agile Framework (SAFe), Large-Scale Scrum (LeSS), Discipline Agile Delivery (DAD),
Scrum-at-Scale, and the Spotify model [39].

2.2.1 Scaled Agile Framework (SAFe)

The Scaled Agile Framework (SAFe) is established by Dean Lef�ngwell and his collaborators
in 2011 and four levels (layers) of organization are highlighted in the framework, namely
Team, Program, Value Stream and Portfolio, where each level carries its own activities and all
levels are tied together [40, 41]. It integrates both agile and lean practices at all four levels
and offers team and program size patterns which later can be used for scaling across larger
organisation [40, 41]. SAFe speci�cally identi�es standard Scrum team size which consists
of �ve to nine team members [40, 41]. A program is described as consisting of determined
�ve-twelve Agile teams or 50-125 individuals that are dedicated to the program and capable
of supplying business capability or value [40, 41]. SAFe demonstrates a mix of Scrum and XP
practices at the team level and utilises an Agile Release Train (ART) to develop large-scale
systems at the program level [40, 41].
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2.2.2 Large Scale Scrum (LeSS)

Large-Scale Scrum (LeSS) is a scaling framework designed to apply Scrum principles and
practices to many teams working together on one product [42]. There are two variants, namely
basic LeSS and LeSS Huge. As described by Larman and Vodde [43], basic LeSS is a method
that is applied to a median implementation covering approximately 70 people on one product
and LeSS huge is for thousands of people on one product at �ve sites with about 15 million
lines of source code [40]. Therefore, LeSS is articulated as a method that applies Scrum to
considerable multisite and offshore product development [40, 43]. The organizational changes
are speci�ed in LeSS method while they are not directly addressed in the standard Scrum [40,
43]. Besides, LeSS also speci�es cross-functional, cross-component, end-to-end feature teams
through the exclusion of traditional team lead and project manager roles [40, 43]. LeSS can
cover up to ten Scrum teams and therefore it can be suggested that LeSS should be used for
up to 70 people [40, 43, 44].

2.2.3 Discipline Agile Delivery (DAD)

Disciplined Agile Delivery (DAD) is a hybrid framework that extends the core Scrum lifecycle
to address the full software delivery process, incorporating practices from multiple Agile
methodologies such as Extreme Programming (XP), Kanban, Agile Modeling, and Lean [40,
45]. DAD adopts roles from SCRUM and Agile Modeling methods, such as Product Owner
and primary Team Members [40, 45]. Besides, a role called Team Lead which is similar
to Scrum Master in Scrum and an Architecture Owner role were introduced from Agile
Modeling method [40, 45]. DAD has secondary roles as well namely Specialist, Independent
Tester, Domain Expert, Technical Expert and Integrator which are brought in to address
scaling issues and can be arranged on a temporary basis [40, 46].

2.3 Communities of Practice

The concept of communities of practice was �rst introduced by Jean Lave and Etienne Wenger
as part of situated learning theory, which emphasizes learning as a participatory and socially
contextualized activity [47]. The de�nition from Etienne and Beverly Wenger-Trayner states
that communities of practice are groups of people who share a concern or a passion for
something they do and learn how to do it better as they interact regularly [48]. Another
expression is that communities of practice are groups of people who share a concern, a set of
problems, or a passion about a topic, and who deepen their knowledge and expertise in this
area by interacting on an ongoing basis [49].

2.3.1 Three Key Characteristics of CoPs

There are three key characteristics that distinguish a community as a community of practice,
namely the domain, the community, and the practice.
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The Domain: A community of practice is centered on a shared domain of interest that de�nes
its identity [48, 49]. Membership implies a commitment to this domain and the development
of a collective competence, even if such expertise is not recognized externally [48, 49]. For
instance, a youth gang's methods for surviving on the street form a shared domain of under-
standing, valued within the group but seldom acknowledged outside of it [48, 49].

The Community: Members of a community of practice engage in interactions and shared
activities that enable collective learning [48, 49]. Merely sharing a job title or belonging to the
same network does not guarantee such a community [48, 49]. The key is sustained, meaning-
ful interaction around the domain [48, 49]. The Impressionist painters, for example, often met
in cafes and studios, and these gatherings were crucial for cultivating their community, even
though much of their work occurred individually [48, 49].

The Practice: A community of practice consists of practitioners who build a shared repertoire
of methods, tools, and problem-solving strategies through ongoing participation [48, 49]. A
single conversation with a stranger does not constitute such a community [48, 49]. Rather, the
community's knowledge emerges gradually through sustained dialogue, documentation, and
re�ective practice [48, 49]. Whether it is engineers compiling techniques into a knowledge
base or nurses informally learning from lunchroom discussions, a shared practice develops
and evolves over time [48, 49].

2.3.2 Typical Examples of CoPs

Here are several typical examples of communities of practice [48] that can be found in
Table 2.2.

2.3.3 Multiple Levels of Participation in CoPs

According to Scaled Agile Framework (SAFe) [50], CoPs members exhibit multiple levels of
participation, which can be found in Figure 2.2. These �ve levels includes core team, active,
occasional, peripheral, and transactional.

Core team – The core team forms the heart of the community that will organize, charter,
market, nurture, and operate the community [50].

Active – These members work closely with the core team to help shape the de�nition and
direction of the CoP [50]. This includes de�ning the community's shared vision, purpose,
roles, strategies for interaction, marketing, and communications [50].

Occasional – These members participate when speci�c topics of interest are addressed or
when they have something to contribute to the group [50]. They are often the largest group in
the community [50].
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Problem solving “Can we work on this design and brainstorm some
ideas; I'm stuck.”

Requests for information “Where can I �nd the code to connect to the server?”

Seeking experience “Has anyone dealt with a customer in this situation?”

Reusing assets “I have a proposal for a local area network I wrote
for a client last year. I can send it to you and you can
easily tweak it for this new client.”

Coordination and synergy “Can we combine our purchases of solvent to achieve
bulk discounts?”

Building an argument “How do people in other countries do this? Armed
with this information it will be easier to convince my
Ministry to make some changes.”

Growing con�dence “Before I do it, I'll run it through my community �rst
to see what they think.”

Discussing developments “What do you think of the new CAD system? Does it
really help?”

Documenting projects “We have faced this problem �ve times now. Let us
write it down once and for all.”

Visits “Can we come and see your after-school program?
We need to establish one in our city.”

Identifying gaps in compe-
tence

“Who knows what, and what are we missing? What
other groups should we connect with?”

Table 2.2: Typical Examples of Communities of Practice [48]
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Figure 2.2: Multiple Levels of Participation in CoPs [50]

Peripheral – These members feel connected to the community but engage on a limited
basis [50]. These could be newcomers or those more interested in community activities [50].

Transactional – These members are the least connected to the community [50]. They may
connect only to access CoP resources or to provide a speci�c service to the CoP [50].
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3 Related Work

This chapter provides an overview of highly relevant publications of this thesis, which focuses
on the measurement of CoPs.

3.1 Measurement of CoPs

Wenger et al. [49]
As the originators of the CoPs concept, Wenger et al. have covered the topic of CoPs value
and its measurement in the book [49]. Wenger et al. propose a dual perspective for the CoPs
value: 1) short-term value, such as reduced costs and improved quality of decisions, and
2) long-term value, such as the emergence of unplanned capabilities and ability to foresee
technological developments [49]. Besides, CoPs value can be viewed from another two aspects,
namely tangible outcomes (e.g., a standards manual, and improved skills) and intangible
bene�ts (e.g., sense of belonging, and professional con�dence and identity), which provide a
balanced understanding of CoPs' contributions [49]. Three levels of measurement have been
mentioned, namely individual community members, practice itself, and organization [49].
Besides, Wenger et al. have pointed out that although many have argued that knowledge
resources (like the communities that steward them) can't be measured and managed, “knowl-
edge system” can be measured and managed through its �ows and value created [49]. The
detailed method is by using Systematic Anecdotal Evidence that demonstrates causality
through stories and ensures systematicity through rigorous documentation [49].

Wenger et al. [51]
In the chapter 4 from Wenger et al. [51], �ve cycles of value creation in networks and commu-
nities have been de�ned, namely Cycle 1. Immediate value: Activities and interactions, Cycle
2. Potential value: Knowledge capital, Cycle 3. Applied value: Changes in practice, Cycle 4.
Realized value: Performance improvement, and Cycle 5. Reframing value: Rede�ning success.
The �rst four cycles in this framework are an adaptation of the four-level model of Donald
Kirkpatrick (1976, 1994), which has become a standard in the training and program evaluation
literature, and the �fth cycle is an addition made by authors speci�cally for the work of com-
munities and networks [51]. In the chapter 5, some typical indicators and potential sources of
data for each cycle are proposed [51]. Besides, in the chapter 6, the authors have proposed
the idea of "value-creation stories" that bridge the gap between qualitative experiences and
measurable outcomes, which helps practitioners to understand the link between community
activities and broader organizational goals [51].
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Verburg and Andriessen [52]
The work from Verburg and Andriessen has introduced the Community Assessment Toolkit
(CAT) for evaluating the performance of Communities of Practice (CoPs) [52]. CAT is
grounded in theories of CoPs and group dynamics, including the Dynamic Group Interac-
tion (DGIn) model [52]. It considers CoPs as tools for knowledge sharing and innovation
that address both explicit and tacit knowledge [52]. The toolkit includes three parts: an
online questionnaire for members, an interview guide for coordinators, and a checklist for
organizational context, which in combination assess CoPs' goals, activities, participation,
coordination, ICT support, company support, value of CoPs, and results [52]. The method
was also tested in practice through a pilot and a study among members of 7 communities
of practice (N=271) in order to enable reliability tests and scale analysis while the method
is also unique at providing feedback on the overall performance of CoPs on the individual,
group and organizational level [52].

Frank et al. [53]
Frank et al. [53] proposed a model to evaluate the organizational, managerial, and techno-
logical maturity of Virtual Communities of Practice (VCoPs) and linked this maturity to
performance outcomes like utility, trust, sense of belonging, and contribution. The eight
key dimensions consisted in the model are: 1) Culture (E.g., openness to collaboration and
knowledge sharing), 2) Sponsorship (E.g., involvement and commitment of upper and middle
management), 3) Architecture Alignment (E.g., alignment with organizational goals and user
needs), 4) Development (E.g., structuring roles and activities for effective VCoP operations), 5)
Community Management (E.g., incentives and management roles for engagement), 6) Policy
(E.g., accessibility and transparency of community operations), 7) Technology (E.g., use of
IT tools for communication, collaboration, and content management), 8) Assessment (E.g.,
monitoring and evaluating VCoP bene�ts and business impacts) [53]. Four global companies
have participated in this benchmarking study on the oil and gas industry: British Petroleum
(UK), Chevron (USA), Eni (Italy), Petrobras (Brazil) and Shell (Netherlands) [53]. In all four
cases, quantitative data was collected �rst, and afterward, the information provided was
veri�ed through a personnel interview with the key-respondents [53].

Hong [54]
In the work from Hong [54], the author developed a holistic and systematic method to
understand and assess the current state of the CoP that is also a method to extract the
main Critical Success Factor (CSFs) of the CoP based on a performance evaluation [54].
The method combines the Balanced Scorecard (BSC) and the Analytic Network Process
(ANP) to assess performance and determine the relative importance of CSFs while using
Importance-Performance Analysis (IPA) to prioritize strategic improvements [54]. The detailed
performance metrics are developed based on the CSFs and are re�ned by the cause and effect
relationships [54].
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4 Methodology

This chapter outlines the methodology selected for conducting this master's thesis. It details
the steps taken to identify relevant literature and extract data. The methodology has referred
to the guidelines for including grey literature and conducting multi-vocal literature reviews in
software engineering [12], and the guidelines for performing systematic literature reviews in
software engineering [13, 14]. The �nal literature review process can be found in Figure 4.1.

4.1 Scienti�c Literature Review (RQ1)

4.1.1 De�nition of the Search Strategy

After specifying the research question in the planning the review stage in Chapter 1, the
search strategy will be de�ned, including search terms and resources to be searched [13].
Here follows a series of questions for search process that proposed by Zhang et al. [14].

1) Which approach to be used in the search process: manual or automated search?

2) What databases are used for search, and which part of the article should be searched?

3) What literature types are searched and what are the search strings used in the search?

4) What time span has been searched?

Search Approach: In the preliminary search stage, manual search and automated search
are conducted to test the search strings and the process can be found in Figure 4.2. And
then main automated search is conducted for LSASD, ASD, GOS respectively. Backward
search, forward search, and manually adding extra relevant literature are followed to make
sure covering a complete database. Detail process can be found in Figure 4.3, Figure 4.4,
and Figure 4.5. Final database pool that combines preliminary search and main search is
shown in Figure 4.6. One thing that needs to be mentioned is that for a search in LSASD
and ASD, there exist papers found from ASD but related to LSASD. Therefore, a balanced
process is added for moving those papers to the corresponding context. The �ltering process
for publications involved three stages. First, titles are reviewed, and publications explicitly
mentioning CoPs or similar group structures, such as virtual communities, networks of prac-
tice, knowledge networks, knowledge communities, guilds, and communities, are included.
Second, abstracts are analyzed, and publications explicitly referencing CoPs or similar group
structures mentioned above are retained. Finally, a full-text review is conducted, marking
and including publications explicitly addressing CoPs or similar group structures mentioned

16



4.1. SCIENTIFIC LITERATURE REVIEW (RQ1)

Figure 4.1: Literature Review Approach
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