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Abstract

The contemporary business environment is characterized by a high degree of uncertainty,
particularly triggered by rapid technological progress and constantly changing customer
needs. This is especially true in the field of software development, which is of a fast-paced and
constantly changing nature. Therefore it is essential for companies nowadays to be flexible and
adaptable to remain successful and competitive. As the environment and technology evolved,
traditional methodologies, such as the Waterfall approach, have become obsolete due to their
limitations in flexibility and adaptability, often resulting in project failure. To counteract
these and other disadvantages, new approaches, such as the agile methodology, have been
developed that compensate for these disadvantages of traditional methodologies. Originally,
agile methodologies were designed for small-scale projects to respond quickly to changes in
the environment and customer requirements. The success of applying agile methodologies
on a small scale has inspired many organizations to use these in larger contexts leading to
the increasing popularity of agile methods on large-scale projects. Applying agile practices
on a large scale has its own additional challenges, e.g., the increasing complexity of projects
or the maintenance of oversight regarding the project’s progress. To address these challenges,
accurate predictions, e.g., effort estimations, can support the project managers in tracking the
progress of a project enabling delivery within budget and time. In this context, the accuracy of
the predictions is of great relevance and importance since any percentage error in the overall
effort estimate may lead to project failure. To date, numerous publications regarding effort
estimation at a team level exist, but only little with a focus on large-scale agile environments.
However, even those lack guidance on how to perform effort estimation in scaling agile
environments but only, e.g., research on the estimation techniques and units used in this
context. To address these research gaps, this thesis investigates the effort estimation process
in scaling agile environments in practice, identifies challenges practitioners face during
effort estimation, and derives mitigation propositions. In doing so, this research follows
an Action Design Research (ADR) approach to generate prescriptive design knowledge by
constructing and evaluating ensemble artifacts in an organizational setting. For this purpose,
we conducted a case study, including 16 interviews, on a large project of a major German
network and infrastructure company, also involving a large German software company and
a German subsidiary of an American consulting firm. After collecting and transcribing
the data, a two-cycle approach is applied to coding the data to analyze it then. The main
tindings of the case study are used to develop the artifact of this thesis - a set of challenges
and mitigation propositions for effort estimation in large-scale agile development. Further,
findings in existing research, especially on the mitigation propositions, are incorporated into
the artifact. The artifact is then evaluated by practitioners and refined by incorporating the
experts’ improvement suggestions and qualitative feedback.
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1. Introduction

In the first chapter, the motivation, research objectives, and research approach of this bach-
elor’s thesis are presented. Section 1.1. outlines the motivation for the research topic and
discusses the relevance and necessity of this research project. Section 1.2. explains the
objectives and research questions that will be answered throughout this thesis. Section 1.3.
describes the research approach that will be used to achieve the discussed research objectives.

1.1. Motivation

In the contemporary business environment, which is characterized by high levels of unpre-
dictability resulting from unstable customer needs and rapid technological progress, the
ability to be flexible and adaptable has become essential to a company’s success [60, 69, 98].
This applies in particular to the field of software development, which is characterized by its
fast-paced and rapidly-changing nature. Traditional methodologies, such as the Waterfall
approach, have been found to be inadequate in this context due to their limitations in terms of
flexibility and adaptability [34]. As a response to this, the agile movement emerged, leading
to the development of many agile methodologies, e.g. Extreme Programming (XP) [4] and
Scrum [77] in the 1990s and the creation of the Agile ‘Software Development” Manifesto
in 2001 [35]. The Manifesto defines the most important values and principles for "agile"
software methods, according to which agile practices should be lived, designed, and applied.
Besides the mentioned benefits of flexibility and adaptability, applying agile methodologies
can lead to many more, such as faster delivery [57], higher quality of deliverables [76, 64],
increasing customer satisfaction [57, 25], as well as the improvement of team collaboration
and communication [57]. This has convinced many companies to change their way of working
to applying agile methodologies on small-scale software development projects. The shift from
traditional to agile methodologies is also reflected in the latest State of Agile Report [19], with
80% of the surveyed organizations stating that they use agile approaches, while only 24% use
traditional approaches in the form of the Waterfall approach. Originally, agile methods were
designed for self-organized, small, and co-located teams working on projects with constantly
changing and unforeseen requirements [20, 100]. But the success on a small scale inspired
and motivated many organizations to apply agile methodologies in larger contexts in hopes
of benefiting from these improvements [20, 19]. Although using agile methods brings many
benefits, their adoption can be challenging. It requires more than just adopting certain tools
and practices, but rather a comprehensive mindset shift [54]. Cultivating this mindset and
changing the organizational culture requires a significant investment of time and effort [92].
If this effort is neglected, the risk increases that the organization will revert to old, less
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effective development methods and thus not fully realize the benefits of an agile organization
[92]. Beyond the challenges present in adopting agile methods on a small scale, there are
additional challenges when applying agile practices on a large scale as the complexity of a
project increases [20, 62]. Among others, the coordination in multi-team environments [20,
91], dependencies to other existing environments [20, 91], and maintaining the overview
of a project [85] are major challenges associated with large-scale development making the
adoption of agile practices at scale difficult. To overcome these challenges, there are several
approaches, such as the introduction of metrics, which can help to better control and keep
track of the project process [21]. To meet customer requirements and deliver project outcomes
within the planned duration and costs, accurate predictions such as effort and cost estimations
can be helpful [45]. In addition to cost and effort estimation, there is also size estimation
and schedule estimation supporting the success of a project and mitigating challenges when
adopting agile methods on a large scale [1]. All four estimation types are significant parts
of project management which in turn is one of the most important activities in software
development [10]. In the context of this thesis, the focus is on effort estimation in large-scale
agile development. The effort estimation is based on the complexity, degree of difficulty, and
scope of the item being estimated, while the process of estimating is typically performed
as a group activity involving the entire team [16, 102]. For estimates to be supportive and
contribute significantly to project success, the accuracy of the estimates is extremely important
to meet customer needs and avoid overruns [14, 28, 45]. Whereby inaccurate estimates lead to
the opposite outcome, namely project failure [28]. However, in agile environments, whether
on a small scale or large scale, the most commonly used techniques to estimate the effort
are non-algorithmic techniques. Planning poker and expert judgment are the most common
examples of non-algorithmic techniques, where the estimates are based on the experience,
knowledge, skills, and intuition of experts [12, 80]. Due to factors such as human bias, these
types of estimation methods are often error-prone [88] while making accurate predictions is
generally difficult. Therefore the activity of effort estimation is considered one of the biggest
challenges in agile software development, as well as the appropriate integration of the effort
estimation process [28]. In addition, factors such as the complexity of agile software devel-
opment, influencing factors, and constantly changing requirements pose further challenges
in making accurate estimates [15, 47, 66, 73]. In large-scale agile development, additional
challenges arise due to scaling factors, e.g. managing the coordination and dependencies
of multiple teams [9, 96], as well as cost drivers which are not relevant in agile co-located
environments but have to be considered, e.g. temporal, geographic and cultural factors
[6]. In the context of effort estimation in agile development, there is numerous research on
small scale but very little on large-scale agile development [95], particularly regarding the
estimation process and the challenges that arise during it often triggering inaccurate estimates
[95]. This bachelor’s thesis aims to partially fill this research gap by conducting a case study
to examine the general estimation process in a scaled agile environment and identify the
challenges that arise during the effort estimation process. Furthermore, within the scope of
this thesis, propositions are derived that can be applied to mitigate these challenges. To this
end, three research questions were defined, which are described in the next section.
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1.2. Research Questions

To fill the research gap outlined in Section 1.1, we formulate three research questions (RQs).
These RQs are answered with this research project and also form the structure of this bache-
lor’s thesis.

Research Question 1: How is effort estimation conducted in the case organization?

The first research question aims to describe the current situation in effort estimation in large-
scale agile development in practice. To answer this question, a case study was conducted
on a large project at a major German network and infrastructure company, in which also a
large German software company and a German subsidiary of an American consulting firm
are involved. The objective of this research question is to investigate the process of effort
estimation and the approach currently used at the case organization. Further, based on the
results, a process model for the effort estimation process at the case organization is designed.

Research Question 2: What are challenges in effort estimation in scaling agile environ-
ments?

The second research question aims to identify the challenges that are faced in practice when
estimating the effort in large-scale agile environments. To answer this research question,
the collected data from the case study is used. Subsequently, the identified challenges are
evaluated by the practitioners to ensure practical relevance.

Research Question 3: How can these challenges in effort estimation in scaling agile
environments be addressed?

The third question aims to investigate how the identified challenges from RQ2 can be
approached. For this purpose, a set of mitigation propositions are derived both from the
existing literature on this topic and the conducted case study. To add value and ensure
practical relevance, the derived mitigation propositions are evaluated by the practitioners.

1.3. Research Methodology

To answer the research questions described in Section 1.2, this bachelor’s thesis follows the
Action Design Research (ADR) approach by Sein et al. [81], which is visualized in Figure 1.1.
The ADR is derived from the Design Science Research (DSR) approach [33], with the difference
that the process of developing the artifact and its evaluation is not done in two separate
steps but in a continuous iterative process where the evaluation contributes to refining the
artifact [81]. Therefore, the goal of ADR can be described as "generating prescriptive design
knowledge through building and evaluating ensemble artifacts in an organizational setting"
[81]. To achieve this goal and develop an artifact generating prescriptive design knowledge,
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Sein et al. [81] define the following four phases: Problem Formulation, Building, Intervention,
and Evaluation, Reflection and Learning, and Formalization of Learning. The application of all four
phases results in one complete ADR cycle. The allocation of the respective chapters of this
thesis to the four stages of Sein et al. [81] are visualized in Figure 1.2.

Action Design Research
Sein et al. (2011), Hevner et al. (2004)
. Relevance Rigor .
Environment Foundation
Case Study - Chapter 4 . Knowledge Base — Chapter 2 & 3
Yin (2014), Runeson & Host (2009) * Identlfy proceisses and Challenges N
- . . — Chapter 4

Organization: project at a German electric napt ’ = Large-scale agile development
utility company involving a German " Ongoing assessment and
software company & a global management [=======) refinement of the artifact in the € | = Literature on estimation and

consulting company : organizational context prioritization
6

— Chapter 5 ¢

Goal: Understanding the current state of ) = Known approaches to effort estimation

how estimation is implemented:

= Stakeholder = Related work
= Processes (e.g., planning)

= Estimation

= Requirements Breakdown :

organization:
= 16 interviews for the data collection
= 3 interviews for the evaluation

Semi-structures interviews at case

9 completed Surveys for evaluation

Artifact
Data from documents provided by case Set of challenges and
organization mitigation propositions

Figure 1.1.: Visualization of the Research Approach of the Thesis

Stage 1: Problem Formulation

In the first stage, the Problem Formulation, the research foundation is identified based on
existing research and practical challenges in organizations [81]. Building on this foundation,
the research objective is formulated. Due to the lack of research in the context of challenges
and mitigation propositions for effort estimation in large-scale agile development, the problem
formulation is identified in the form of a case study, which is carried out in Chapter 4 and is
addressed through the artifact. The focus is particularly on understanding and investigating
the effort estimation process and identifying challenges in this context. The case study follows
the guidelines of Runeson and Host [71], which are explained in Section 4.1.

Stage 2: Building, Intervention, and Evaluation

In the second stage, the Building, Intervention, and Evaluation, propositions in the context of
effort estimation in scaled agile environments are identified and formulated, which can be
used to mitigate the challenges identified in the problem formulation. The development of
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the "Alpha Version" (Figure 1.2) of the artifact is discussed in the last Section of Chapter 4 and
Chapter 5, while the first part of Chapter 6 describes the evaluation of the "Alpha Version".

Stage 3: Reflection and Learning

In the third stage, the Reflection and Learning, the qualitative feedback and improvement
suggestions from the practitioners are incorporated into the "Alpha Version", resulting in a
"Beta Version" of the artifact (Figure 1.2). This stage is explained in the last Section of Chapter
6.

Stage 4: Formalization of Learning

The fourth stage, the Formalization of Learning, can be assigned to the insights generated
in the context of effort estimation in large-scale agile development with a special focus on
challenges and mitigation propositions as part of this thesis.

Contributions
Alpha Version Beta Version = Challenges
Researcher(s) = Mitigation
Propositions
"""" =~ =7~ Artifact
= Suggested
Improvements on
Practitioners Challenges and
Mitigation
Propositions
(1st round of interviews) (2nd round of interviews
& surveys)
\ A A A J
Y [ / Y
Problem Building, Intervention, Reflection Formalization
Formulation and Evaluation and Learning of Learning

Figure 1.2.: Visualization of the Chapters of this Thesis allocated to the Action Design Research
by Sein et al. [81]

Overall, one complete cycle of the ADR stages as described by Sein et al. [81] is performed
throughout this thesis (Figure 1.2). The balance of relevance and rigor is of central importance
in the context of DSR [33]. By reviewing, utilizing, and integrating existing literature, the
research in this thesis is ensured to be rigorous. On the other hand, by conducting a case
study in a real organizational setting for the problem formulation, the relevance of this
research is ensured. How this balance is achieved in this thesis is visualized in Figure 1.1. The
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bachelor’s thesis is structured as follows. Chapter 2 explains the scientific foundations and
important terminology on which this work is based on. In Chapter 3, related existing research
in the context of challenges and mitigation propositions for effort estimation in large-scale
agile development is investigated and discussed. Chapter 4 describes the approach of the
case study, as well as the case study itself, which was conducted in a large project within
a German electric utility company involving a German software company and a German
subsidiary of an American consulting firm. Chapter 5 discusses the identified propositions
that mitigate the challenges identified in Chapter 4, which together form the artifact of this
thesis. Chapter 6 investigates the evaluation of the artifact and describes the adjustments
made based on the experts’ improvement suggestions. The main findings and limitations of
this thesis are summarized in Chapter 7. The thesis concludes with Chapter 8, in which the
research questions are answered in summary, and a brief outlook is outlined for potential
future research.




2. Foundation

For a better understanding, this chapter explains the terms and concepts relevant to this
thesis. In the following, Section 2.1 explains the development and fundamental concepts
of agile software development, followed by an explanation of the essential aspects of the
agile framework Scrum. Section 2.2 discusses necessary topics related to large-scale agile
software development, followed by an overview of agile approaches in standard software.
Subsequently, Section 2.3 explains the fundamental components of effort estimation.

2.1. Agile Development

The following will describe the development up to the current state, as well as the advantages
and characteristics of agile methodologies. In order to clarify the understanding of agile
practices, the most commonly used methodology, the Scrum Framework, will be briefly
discussed.

2.1.1. Movement towards Agile

Nowadays, the ability to be flexible and adaptable has become essential for success [60, 69,
98, 19] and remain competitive [69, 98] due to the fast-paced and rapidly-changing nature
of the contemporary business environment. This is especially true in the field of software
development, which is characterized by unstable customer needs and rapid technological
progress. To respond to these changes and remain competitive, many companies are changing
their approach to their work practices moving from using traditional methodologies, such as
the Waterfall approach, towards agile practices [19, 65]. According to the latest report on the
agile state [19], 80% of the surveyed organizations stated that they use agile approaches in
comparison to 24% using the Waterfall approach [19]. The reason for this trend is not only due
to the limitations of traditional methodologies in terms of flexibility and adaptability [34] but
also because of the many benefits that come with successfully implementing agile practices,
such as faster and higher quality delivery [57, 76] and increased customer satisfaction [25,
57, 64]. The agile movement emerged in the early 90s introducing agile methodologies and
leading to various agile approaches being developed and adapted by organizations to this day
[31, 64]. The most commonly used methodologies among organizations are Scrum, Kanban,
which has seen an explosive increase in usage in the last two years, and ScrumBan, a hybrid
approach of Scrum and Kanban [19]. Further, the results from the latest State of Agile Report
show that nowadays, agile approaches are not only applied as originally intended in the
environment of software development but also company-wide due to digital transformation
[19]. The fact that agile methodologies, such as Scrum, are being applied beyond their original
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scope is also supported by Schwaber and Sutherland in their latest version of the Scrum
Guide [78].

An important milestone in the history of the Agile movement was the creation of the "Mani-
festo for Agile Software Development,” also known as the Agile Manifesto. In 2001, seventeen
people came together, including representatives of previously established "agile" method-
ologies as well as others who sympathized with the need for an alternative to, at the time,
conventional software development processes, which were documentation-driven and heavy-
weight. This resulted in the "Agile Manifesto," which was the first time the word "agile" was
mentioned in the context of software development. It outlines four key values and twelve
principles (Appendix A) from which the characteristics of agile practices in terms of software
development can be derived, as shown in Table 2.1.

Characteristic Associated Key Value and Principle
Emphasis on collaboration and communication | V1, V3, P4, and P6
Customer-focused approach V1, P1, and P2

Flexibility and adaptability V2, V4, and P2

Empowered individuals and teams V1, P5, and P11

Iterative and incremental development P3 and P7

Continuous improvement P12

Table 2.1.: Characteristics of agile approaches and the associated key values and principles
(see Appendix A)

In summary, it can be said that the agile approach differs from traditional software develop-
ment approaches in that development does not revolve around a defined process but rather
a short, iterative life cycle that emphasizes continuous learning and constant adaptation to
changes and unforeseen [24, 99, 100]. This is also reflected in the key values and principles in
the "Agile Manifesto" [35]. Despite all the benefits of applying agile methods, the adoption can
be challenging as agile methods require more than just adopting specific tools and practices
but rather necessitate a comprehensive mindset [92]. In fact, adopting agile methods often
involve changes in the entire culture of the organization [13]. Cultivating a mindset and
shifting the organization’s culture requires a significant investment of both time and effort
[42]. By neglecting this effort, the risk increases that the organization reverts to old, less
effective ways of development and prevents them from fully capitalizing on the advantages
of being agile [42].

2.1.2. The Scrum Framework

To strengthen the understanding of agile practices, this subsection introduces the most
frequently used agile methodology Scrum which is especially relevant to follow the findings
presented in Chapter 4. Schwaber and Sutherland, two of the seventeen authors of the
"Agile Manifesto," released the first edition of the "Scrum Guide" in 2010. With the guide,
they explain the adoption of Scrum and its main components to bring the world closer to
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understanding Scrum [78]. Further, they emphasize that patterns, processes, and insights can
be discovered, applied, and developed when applying Scrum. The description of these goes
beyond the purpose of the Scrum Guide as they are context-dependent and can vary greatly
depending on the use of Scrum [78]. Nevertheless, in the following, the Scrum methodology
is described in accordance with the latest Scrum Guide by Schwaber and Sutherland [78] and
visualized in Figure 2.1.

The Scrum Theory and Values

The Scrum theory is based on empiricism and lean thinking, which means that knowledge is
gained from experience (empiricism), decisions are made based on observations (empiricism),
and the focus should be on what is essential (lean thinking). To optimize predictability
and risk control, Scrum follows an interactive and incremental approach. Collaboration
between all involved parties and the living of the five Scrum values - commitment, focus,
openness, respect, and courage - is essential for successful implementation. The application
of Scrum is based on three empirical pillars: transparency, inspection, and adaptation.
Transparency is important to make decisions based on the three formal artifacts (Product
Backlog, Sprint Backlog, and Increment; explained below) and forms the basis for inspection.
To detect unwanted deviations, inspecting the artifacts and their progress towards the goals
is necessary, with the expectation that the Scrum Team will learn something new at each
inspection. Adaptation is important to be able to react quickly to problems through adoption.
To make rapid adoptions, Scrum provides four events within an overarching event, the
Sprint. The involved parties must be sufficiently empowered to make decisions and manage
themselves.

The Scrum Team

The Scrum Team is a small, interdisciplinary, and self-organized team consisting of a Scrum
Master (SM), a Product Owner (PO), and developers with a typical size of 10 or fewer people.
The team is understood as a unit with no hierarchy focusing together on one goal, the Sprint
or the Product Goal. There is the possibility that multiple Scrum Teams pursue the same
Product Goal. The areas of responsibility of the individual roles vary. The PO is essentially
responsible for Product Backlog management. This includes tasks such as creating the Product
Goal and entries for the Product Backlog, clearly communicating them to the Scrum Team,
and ensuring transparency of the Product Backlog. Thus, if a team member wants to change
anything in the Product Backlog, they must try to convince the PO. The developers of a team
are responsible for creating the Sprint Backlog and implementing the entries in the Sprint
Backlog. And the SM takes a supportive role in introducing and implementing the Scrum
theory and practices at both the team and organizational levels. At the team level, the SM
supports his Scrum Team in coaching interdisciplinary collaboration and self-management
and removing obstacles. However, the SM is also responsible for ensuring that the Scrum
Team lives up to Scrum practices, including holding the events. The SM supports the PO at
the Product Backlog management level in facilitating the definition of the Product Goal and
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promoting collaboration with stakeholders. At the organizational level, the SM is responsible
for implementing Scrum, helping with comprehension questions, and removing barriers
between stakeholders and teams. All in all, the entire Scrum Team "is responsible for all
product-related activities [...] [and] is accountable for creating a valuable, useful Increment
every Sprint" [78].

The Scrum Events

There are five Scrum events designed to enable transparency and to inspect and adapt the
Scrum artifacts (Product Backlog, Sprint Backlog, and Increment; explained below) in order
to achieve the Product Goal. The main event is the Sprint, within which the other four events
take place, and during which "ideas are turned into value" [78]. A Sprint is of a fixed length,
usually one month, and allows for predictability by inspecting and potentially adapting
progress. Predictions can be made, for example, regarding the use of metrics, but it should
not be overlooked that what will happen in the future is often unknown [78]. This is where
the importance of empiricism comes in, with the approach that knowledge is gained from
experience and decisions are made based on observations, as mentioned above. The scope
and goal of a Sprint are the results of the Sprint Planning event, which is held before the
Sprint with the entire Scrum Team involved. Entries from the Product Backlog relevant for
the next Sprint are selected, their scope and completion discussed and then summarized in
a Sprint Backlog. In addition to the Sprint Planning event, there is the Daily Scrum event,
which takes place daily and creates a plan for the upcoming work for the next workday. This
event also allows progress toward the Sprint Goal to be inspected and potentially adapted.
The fourth event is the Sprint Review, which aims to present the results of the Sprint to the
most important stakeholders, discuss progress towards the Product Goal, and plan the next
steps, which can lead to an adoption of the Product Backlog. The involvement of stakeholders
allows for quick responses to changes in customer requirements, expectations, and needs.
In the final event, the Sprint Retrospective, the Scrum Team collectively reviews what goals
were achieved in the Sprint, what problems arose, how these were solved (or not), and what
can be refined to improve quality and effectiveness in the future. The length of each event
depends on the length of the Sprint, but Schwaber and Sutherland provide guidelines based
on a 4-week Sprint. Through this rhythm of events, team communication, and collaboration
are strengthened, as well as flexibility and adaptability to respond to changes are given.

The Scrum Artifacts

The Scrum artifacts representing work or value are the Product Backlog, the Sprint Backlog,
and the Increment, each including a commitment that provides information to improve
transparency and make progress measurable. The Product Backlog is an emergent, ordered
list of things needed to achieve the Product Goal, which is the commitment. During refinement
activities, the entries in the Product Backlog are broken down into smaller elements and
defined in more detail, forming the basis for the Sprint Backlog, which the Scrum Team creates
during the Sprint Planning event. Refinement is a continuous activity in which the entries

10
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are supplemented with further details such as description, order, and size, more specifically,
estimation [79], which is the responsibility of the developers. The entire refinement process
can be influenced by the PO, who can assist the team in understanding each entry. The
corresponding commitment, the Product Goal, is a long-term goal that describes the future
state of the product and is therefore located in the Product Backlog. As mentioned, the entries
in the Product Backlog serve as the basis for the Sprint Backlog, which is "composed of the
Sprint Goal (why), the set of Product Backlog items selected for the Sprint (what), as well as
an actionable plan for delivering the Increment (how)" [78]. The Sprint Backlog serves as a
plan by and for developers to achieve the Sprint Goal and is updated throughout the Sprint
as more is learned. The Sprint Goal is part of the Sprint Backlog, created by the team during
Sprint Planning, and creates coherence and focus for working together as a team.
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Figure 2.1.: The Scrum Framework

2.2. Large-Scale Agile Development

The following will describe the taxonomy and the development up to the current state of large-
scale agile development, as well as the scaling factors and related challenges when applying
agile methodologies on a large scale. Subsequently, a brief overview of agile approaches used
in standard software is given.

2.2.1. Definition of Large-Scale Agile Development

As applying agile approaches on a large scale is becoming increasingly popular both in
practice and academia [24], there is a necessity of having clarity on what large-scale agile
development is [21]. The current research on large-scale agile development shows that there
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are different understandings of the term "large-scale" and that, to date, no clear definition
is applied [22]. The term "large-scale" in the context of agile development ranges from the
number of employees or agile teams involved in the project to the duration or costs of a
project [21]. Dingsoyr et al. [21] discuss the drawbacks of using the term in dimensions like
the project costs, the number of requirements, or lines of code. Since these vary by project,
Dingseyr et al. [21] argue that using the term in this context is inappropriate. They, therefore,
suggest using the term "large-scale" based on the number of teams involved, which is related
to the coordination overhead. According to Dingseyr et al. [21], large-scale development
includes between 2-9 teams since, for this, a new coordination forum such as the Scrum
of Scrum forum is required. Projects including ten or more teams are classified as very
large-scale according to the taxonomy, as multiple coordination forums are required. In
this thesis, the taxonomy proposed by Dingseyr et al. [21] is used for (very) large-scale
development. To be more specific, this means that in this thesis, large-scale agile development
is defined as multiple teams working together on one project using agile methodologies for
implementation.

2.2.2. Large-Scale Agile Development

As mentioned above, applying agile methodologies at a small scale can lead to significant
improvements in, e.g., customer satisfaction and delivery [57]. Inspired by this, applying
agile methodologies in large-scale environments is becoming increasingly prevalent among
contemporary companies [20]. Triggered by the growing popularity in this context, there
was the need to extend, adapt, and create agile methodologies for large-scale settings [21],
resulting in more than 20 frameworks [93] providing guidance and support for the transition
and adoption of scaling agile practices. The most common frameworks used in the industry
are SAFe (Scaled Agile Framework) and Scrum@Scale/Scrum of Scrums [19]. These differ
depending on how scaling and coordination are achieved. SAFe is a comprehensive framework
consisting of multiple levels and roles enabling scaling of agile methods in larger companies
[75], and Scrum@Scale is mainly geared towards coordinating multiple Scrum teams in
larger projects or companies [84] using the Scrum of Scrums approach to coordinate teams to
improve communication, reduce dependencies, and avoid duplication of system components
[70]. Since many companies adopted scaling agile practices in projects and throughout their
whole organization [21], there has been an increasing interest in research resulting in many
studies in this context throughout the last decade [92].

2.2.3. Scaling Factors and Challenges

In addition to various approaches for applying agile practices in large-scale development,
Kruchten [44, 43] proposed a contextual model for the development of software-intensive
systems, which serves as a guide for adoption and adaptation. The model is intended to
help ensure that projects that deviate from the "agile sweet spot" but are within the "agile
bitter spot" also reap the benefits of applying agile practices [43]. Table 2.2 shows the ideal
conditions under which agile practices emerged and are most likely to be successful (agile
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sweet spot) and the conditions outside the sweet spot that may cause difficulties (agile bitter
spot).

Agile Sweet Spot Agile Bitter Spot

Small team (10-15) Large team (> 15)

Co-located team(s) Distributed team(s)

Customer availability No empowered customer representative
Business application Embedded real-time systems

New development Maintenance projects

RAD programming environment | Inefficient programming environment
Short life-cycle Long life-cycle

Common development culture Different development cultures

Table 2.2.: Agile Sweet and Bitter Spot by Kruchten [44, 43]

Based on the research by Kruchten [44, 43] in the context of situational agility, Ambler and
Lines [2] identified six scaling factors (see Figure 2.2) that align with Kruchten’s key points
[43]. Factors such as global distribution, increasing organizational distribution, or increasing
complexity, both in the domain and technical context, lead to the need for scaling agile
practices [2].

Team Size

Two Thousands

|

Geographic Distribution

Co-located Global

|

Organizational Distribution
Single Division

|

Outsourcing

Compliance

|

None Life Critical

Domain Complexity

|

Straightforward Very Complex

Technical Complexity

|

Straightforward Very Complex

Figure 2.2.: Scaling Factors by Ambler and Lines [2]

Despite the benefits of applying agile methodologies on scale [46, 58], the implementation
leads to many challenges [20, 62], especially when the project context significantly deviates
from the "agile sweet" [43]. This is also reflected in research that has identified challenges
in scaling agile environments, for example, due to increasing organizational scope [11, 23]
or complexity [2, 11]. In this context, possible challenges could be the coordination in
multi-team environments [6, 20, 91], dependencies to other existing environments [20, 91],
and maintaining an overview of a project and project progress [85]. To address some of
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the challenges occurring, the use of metrics could be effective. Metrics provide progress
monitoring and transparency support [21] that can help control and track the project’s
progress. Further, to meet customer requirements and prevent project failure due to time or
cost overrun, accurate predictions such as effort and cost estimations can be helpful [45]. This
thesis pays particular attention to the effort estimation, which will be discussed in Section 2.3.

2.2.4. Large-Scale Agile Standard Software Implementation

Standard software implementation projects differ from software development projects, as in
this case, no new software is developed, but off-the-shelf solutions from software providers
are adapted to the needs of individual customers through customization and modification
[59]. Implementing Enterprise Resource Planning (ERP) systems is one of the most well-
known standard software implementation projects. In general, ERP systems are large-scale
integrated systems that cover most of the business processes within an enterprise [59] and are
implemented in customization, modification, integration, and data conversion phases to meet
customer needs [59]. There are several approaches for implementing an ERP project, with
traditional methodologies such as the waterfall approach still being commonly used for such
projects [50, 74]. In this approach, implementation is carried out in successive phases, and
the final result is delivered at the end of the project life cycle [50]. Therefore, there is a lot
of time between defining requirements and the completed implementation. This can cause
changes in customer requirements and result in the final implementation not meeting the
customer’s needs [50]. For this and other reasons, agile practices are becoming increasingly
popular in ERP projects or ERP implementation projects [29, 50, 74]. However, in research
ERP implementation using agile methodologies is a very new area, which is why opinions
on applying agile methods in this context are mixed [50]. However, the little literature in
this context proves that ERP projects can benefit from using agile practices, among other
things, in terms of flexibility in requirements, continuous improvement, faster delivery, and
customer satisfaction [50, 74]. In the context of this thesis, a case study is conducted on a
project in which a standard ERP solution is implemented using agile practices, especially at a
team level. Particular attention will be paid to the performance of effort estimation in the
case organization and its associated challenges. Therefore Section 2.3 will cover the scientific
foundation and terminologies of effort estimation.

2.2.5. Difference between Large-Scale Agile Development and Agile
ERP-Implementation

As mentioned above, purely agile software development projects differ from ERP imple-
mentation projects that use agile principles. This subsection briefly discusses the two main
differences between these different software projects. In (large-scale) agile software develop-
ment projects, a deliverable part of the software is developed during a Sprint, which is part
of the end product and released at the end of each Sprint [51]. In an ERP implementation,
on the other hand, the end product already exists, which is implemented and modified
in iterations but not released before the so-called go-live [51]. In implementing such ERP
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systems, adjustments or new functionalities are only made if they can generate business value
or are legally required. In most cases, such adjustments or developments must be approved by
a design authority [51]. A second difference is that while the schedule and other resources are
predetermined in (large-scale) agile software development projects, the necessary resources
to implement any scope are difficult to estimate, making the scope variable in a (large-scale)
agile project [51]. In agile implementation projects, on the other hand, the scope is often
predetermined and prioritized, with the scope being delivered in descending order of priority,
as long as project resources allow [51].

2.3. Effort Estimation in Agile Development

This section explains the critical components of effort estimation. After briefly introducing the
necessity of effort estimation, there is a short overview of the three most important contextual
factors around which effort estimation is performed. Then, the size metrics and cost drivers
are explained, followed by the estimation techniques and accuracy metrics. Further, effort
estimation is described in the context of Scrum and large-scale agile development.

2.3.1. Overview on Effort Estimation

Software estimation is not a novelty established with the introduction of agile practices [10,
102]. On the contrary, estimation is a significant part of project management and one of the
essential activities in software development [10]. Software estimation can be distinguished
into four types: the first is estimating the entire project’s cost, the so-called cost estimation
[1]. The second type is estimating the size or complexity of a project, the so-called size
estimation, and the third type is estimating the time required to complete the entire project,
the so-called schedule estimation [1]. The fourth and most relevant type for this thesis is
estimating the resources required to complete a project and deliver a product that meets the
customer needs the effort estimation [1, 28]. During the software development process, the
focus is on software estimation in terms of cost and effort estimation [97], which are both
essential to prevent project failure due to time or cost overrun [45]. However, the cost estimate
is highly dependent on the effort estimate [8], which results in the effort estimate being crucial
for the implementation of software development projects. In contrast to an agile approach,
developing software following a traditional approach, such as the Waterfall approach, is
carried out in a linear, sequential manner that does not allow overlapping processes to work
on different phases simultaneously [102]. The different approaches to software development
result in other effort estimation processes [16]. For example, in the Waterfall approach, the
effort estimation is performed by the manager who estimates the workload capacity of a
team member by estimating the time it takes to complete a task using, e.g., regression-based
models and assigns the task based on the team member’s total available time [102]. Whereas
in agile software development, the focus of implementing tasks is on iterations in which the
entire team performs the effort estimation, and tasks are estimated based on the complexity
and degree of difficulty [102, 16]. Due to the completely different approaches of software
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development and also effort estimation [16], it was necessary to establish new techniques or
adapt existing ones to the agile environment [102], resulting in a variety of techniques that
can be used for effort estimation in agile environments [83]. Ziauddin et al. [102] even claim
that using estimation techniques developed for traditional sequential software development
leads to inaccurate estimates. These, in turn, may lead to overruns in terms of time or cost
[55, 56] often resulting from underestimations [28, 88]. Since the success or failure of a project
depends on the accuracy of the estimates [28, 40, 56], it is crucial and relevant to make
estimates as accurate as possible and to improve the estimation performance continuously.
However, making predictions is always a challenge, which leads to the fact that accurate
estimation is one of the biggest challenges in software development [28]. Further, integrating
the effort estimation process into an agile environment poses another challenge [28]. This
is because, in addition to the complexity of agile software development and many cost
factors affecting effort estimation [47, 66], there are constantly changing requirements during
the development process [15, 66, 73]. Changing requirements often leads to incremental
adjustments of the estimates [73], which can be very difficult, especially when this results in
moving requirements to another iteration, e.g., Sprint.

2.3.2. Estimation Context

This section discusses the three most important aspects of the context in which effort esti-
mation takes place: the planning level, the estimated activities, and estimation entities [94].
As mentioned in Section 2.1, agile software development is characterized by the incremental
development of software in small iterations, which are referred to as Sprints in the Scrum
Framework [78, 97, 94]. The subsequent iterations are based on customer feedback and
the learning progress from the previous iterations [97, 94]. Accordingly, the planning of
iterations and estimation of the effort are done progressively [97, 94] and iteratively. The
planning is mainly performed at three levels: release planning, iteration planning, which
is referred to as the Sprint Planning Event in Scrum, and daily planning, which is referred
to as the Daily Scrum Event in Scrum [96, 94]. The effort estimation process is primarily
performed at the iteration planning and release planning level and less on the daily planning
level [28, 94]. A software project process consists of several activities required to successfully
complete a project, including requirements analysis, design, implementation, and testing
of implementations [96]. No standard defines for which of the activities an effort estimate
should be performed, which causes it to change from project to project [96]. In most cases,
however, the effort is estimated for the interrelated activities” implementation and testing [96].
In contrast, efforts for activities such as requirements analysis, design, and maintenance are
less frequently estimated [96]. Especially in large-scale projects involving multiple teams, it is
important to clearly define what activities should be estimated to ensure consistency across
the project. The corresponding estimation entities are associated with the estimated activities,
with requirements being the basic input to the estimation [94]. There are various ways and
levels of detail in which requirements can be specified. For example, requirements can be
formulated in so-called user stories, which are then estimated [94]. Further, user stories can
be divided into smaller tasks, which are then estimated [94]. The estimation entity usually
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depends on the planning level at which the estimation is done, the agile approach used, and
the team’s preference [94].

2.3.3. Estimation Predictors

This section introduces the two main effort predictors in the context of effort estimation,
namely size metrics and cost drivers, by briefly giving an overview of each effort predictor.

Size Metrics

Many different size metrics are used for effort estimation [15]. In applying traditional
methodologies, Function Points or Lines of Code (LOC) are often used, with the former being
the most commonly used size metric. It is not uncommon for size metrics such as Function
Points or LOC to be used in agile development environments. Still, when they are, it is
often only combined with typical agile units such as Story Points [18, 28, 97]. Nevertheless,
using LOC is often criticized as it is based on the developer’s efficiency and is therefore
poorly generalized [15]. However, in the context of effort estimation in agile development,
the use of relative estimation metrics such as Story Points or T-shirt size is recommended,
as they allow for comparison between tasks or teams [16]. Relative estimation units also
simplify the planning and create a shared understanding of the work [16]. Unlike absolute
estimations such as person-hours, relative estimations are independent of individual work
speeds, resulting in the effort remaining the same for each team member [16]. However, some
researchers argue that using relative estimations often causes difficulties for teams as they
often have no reference to the metrics and find them hard to understand, contributing to
inaccurate estimations [18, 30, 52]. This can be attributed to the fact that there is no standard
for the definition of, for example, Story Points, but instead, it can change from project to
project [16, 52]. However, the most commonly used metric in practice is the unit of Story
Points [18, 28, 30]. It is difficult to find a clear definition for Story Points [16, 30]. In most cases,
however, Story Points are used in the context of User Stories. Each User Story is assigned
Story Points based on the effort, complexity, and inherent risk involved in development
[36]. Since it is a relative estimation metric, Story Points are assigned in such a way that,
for example, a Story estimated at five Story Points requires five times as much effort as a
Story estimated at one Story Point [15]. Again, there is no prescribed standard for the size
metric in agile development, but in general, the decision of which size metric to use for effort
estimation should be carefully considered based on project size and the team’s estimation
experience [52]. Additionally, the size metric should be clearly defined before the project
begins, and it should be ensured that everyone understands the unit feeling comfortable
estimating with the selected size metric [30, 102].

Cost Drivers

In addition to the size metric, one of the most important estimations predictors for the
required development effort, cost drivers also play a significant role in determining effort
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estimates. Considering these factors can help improve the accuracy of estimates [88]. Research
shows that the most commonly identified cost drivers in effort estimation are team-related
factors [28, 94]. In research, team-related factors refer to factors such as the experience
and skills of the team, as well as the team’s familiarity with the project, the team size, the
team velocity, communication, working hours/days, and the developer’s availability [18,
28, 88]. Further, cost drivers in the context of user stories, the project, and technical factors
also play a role in effort estimation and should not be neglected [18, 28, 94]. In large-scale
agile environments, similar cost drivers impact effort estimation with additional factors that
matter due to global distribution in terms of global barriers [10]. This includes temporal,
geographical, and cultural factors, e.g., language differences [10]. To improve the accuracy of
the estimates, it is recommended to consider any relevant cost driver when estimating effort
[88, 96].

2.3.4. Effort Estimation

This section presents frequently used techniques in agile development to estimate effort.
Further, the importance of accurate estimation is discussed in detail, and the three most
common accuracy metrics which can be used to measure the accuracy of an estimate are
briefly explained.

Estimation Techniques

Many techniques have been proposed to estimate the effort of a project [15, 28]. Essentially;,
these methods can be classified into two categories. The first category includes algorithmic-
based techniques, where the estimation process is based on equation and mathematics [28].
This includes data-driven methods such as machine learning, natural network, regression,
and functional size measurement. The second category comprises non-algorithmic techniques,
where the estimation process is based on analogy and deduction [28]. This often includes
methods based on expert opinions, such as Planning Poker, expert judgment, source lines
of code (SLOC), and analogy. However, using SLOC is based on the developer’s efficiency
and therefore has found little acceptance in the agile community despite its simplicity [15].
The advantage of non-algorithmic techniques is that they are not as time-consuming as those
based on algorithms [16, 15] and are frequently used in the implementation of planning
poker and expert judgment [12, 80]. However, it is often difficult to find suitable experts
[16, 15], which among other things, leads to lower accuracy compared to estimates based on
data algorithms [28]. Similar to size metrics, there is no standard for estimation techniques.
Instead, applying a technique varies from project to project [39, 52] and therefore should
be considered based on project size and team experience [52]. In practice, a combination of
several techniques is often used to improve the accuracy of the estimates [28, 97]. Nevertheless,
the most widely used non-algorithmic techniques in the context of agile development will be
briefly discussed in the following:

Expert Judgement is a technique in which experts rely on their intuition and gut feeling to
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estimate entities, e.g., a (User) Story [16]. In agile projects, entities often include functionalities
that involve different skills. In this case, it is difficult to find a suitable expert who is able to
estimate across all disciplines, which is why a combination of experts in a team would be
desirable [16].

Analogy is an approach in which the entity is compared to other entities of the same type, e.g.,
a (User) Story. It should be ensured that each new entity is compared to a selection of already
estimated entities [16]. This refers to a triangulation process, where the potential estimate
of the new entity is compared to one that was estimated slightly smaller and another that
was estimated slightly larger [16]. The estimate is adopted for the new entity if the potential
estimate is within a reasonable size range.

Disaggregation is an approach in which a very large entity, e.g., a requirement, is divided
into smaller and more easily estimable parts [16]. This ensures that all entities that should
be estimated during a planning event are of roughly the same size and can therefore be
compared more easily: "Asking Is this story fifty times as hard as that story” is a very
different question than ’Is this story about one-and-a-half times that one?’" [16]. However,
it is not recommended to disaggregate too far, as there is an increased risk of forgetting
something [16]. Disaggregation is less of an estimation method and more of an approach
often used to simplify estimating large requirements. In the case study (described in Chapter
4), disaggregation is referred to as break down process.

Planning Poker is a technique that combines all three approaches from above, resulting in
a fast but reliable estimation [16]. The entire team participates in the estimation process,
which the Product Owner usually moderates. At the beginning of the planning event, each
team member is given a deck of cards with numbers reflecting the estimate [16]. There are
no strict rules for the numbers, but the Fibonacci sequence is frequently used. The Product
Owner reads the description of the entity to be estimated, e.g., a (User) Story, and then
answers the estimators’” questions about that entity to clarify any uncertainties before the
estimation process begins [16]. Then the first round of the estimation process begins, and each
estimator secretly chooses the card representing their estimate. After everyone has made their
estimate, all cards are revealed simultaneously [16]. It is often observed that the estimates
differ significantly, resulting in the estimator with the lowest number and the one with the
largest number sharing their thoughts with the others and justifying their estimate [16]. After
that, the team has a 2-3 minute discussion, and the second round of the estimation process
begins. This is done in the same way as the first round, with the result that the estimates often
converge after the second round [16]. If this is not the case, the process is repeated exactly as
before in the optimal scenario until the estimates converge. This can also be shortened if the
group can agree on an estimate together [16].
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Accuracy Metrics

As mentioned above, the most commonly used estimation techniques are non-algorithmic
heuristic techniques, which often rely on experts” intuition and gut feelings. Such estimates
are often error-prone due to, e.g., human bias [88]. In the worst case, this can lead to project
failure regarding delivery and costs. While inaccurate estimates can lead to negative effects
[28], accurate estimates can contribute to the success of the project [14, 28, 45] and facilitate
companies to minimize delays and improve customer satisfaction. Further, with accurate
estimates, companies can efficiently allocate resources, reduce costs, and optimize delivery
[32, 28, 38]. Therefore, the accuracy of estimates is of particular relevance and importance [61,
45] leading to the need for measurements. In research, several methods have been proposed
to measure the accuracy of estimates, such as Magnitude of Relative Error (MRE), Prediction
Level PRED(x), Mean Absolute Error (MAE), or Balanced Relative Error (BRE) [28, 96, 94].
These accuracy metrics are rarely used in the industry, instead, it is sufficient to compare
the estimated effort to the actual effort [28]. However, in this context, many research papers
have calculated the accuracy of the most commonly used estimation techniques using such
accuracy metrics. For the sake of completeness, the accuracy metrics identified as the most
commonly used in research will be briefly explained below [28, 67]:

Magnitude of Relative Error (MRE) is a measurement that calculates how far the estimated
effort deviates from the actual effort. The result of the formula represents the relative error in
the estimate, which can, in turn, indicate the accuracy of an estimate [28, 67, 94]. The MRE is
defined as [28, 37, 67]:

|Actual Ef fort; — EstimatedEf fort;|
MRE; =
ActualEf fort;

The absolute value of the difference between the actual effort and the estimated effort (of a
project i) is divided by the actual effort (of a project i), resulting in a unit-less value, the MRE
(of a project i) [28, 67]. The smaller the MRE value, the more accurate the estimate. Accuracy
metrics based on MRE are helpful because they are easy to interpret and yet meaningful [37].
Two such accuracy metrics based on MRE are the Mean Magnitude of Relative Error (MMRE)
and the Percentage Relative Error Deviation within x (PRED(x)) [67], which will be discussed
subsequently.

Mean Magnitude of Relative Error (MMRE) is the most commonly used measurement to
assess the accuracy of an estimate [28, 41, 67]. The MRRE is defined as [41, 67]:

1 N
MRRE = =} MRE
i=1

As previously mentioned, the MMRE is based on the MRE and is defined as the average of
the sum of all MRE values measured over N data points [41, 67]. The result of the equation
indicates the mean relative error in the prediction. For example, a result of MMRE = 0.1
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indicates a mean relative error in prediction of 10% [37], which would be within the acceptable
level of MMRE-value 0.25 for the accuracy of an estimation proposed by Conte et al. [17].
Again, the smaller the value, the more accurate the estimate. However, MMRE is strongly
affected by a few high MRE values leading to research often referring to the median relative
error (MdMRE) [37].

Percentage Relative Error Deviation within x (PRED(x)) is a measurement that is often used
as a complementary criterion to MMRE [28] calculating the proportion of MRE-values that
fall within a selected threshold (x) to the total number of N projects [28]. In most research
studies, x is set to 0.25 [28, 37] indicating that the PRED(0.25) result reflects the percentage
of MRE-values that fall within the threshold of 0.25 respectively 25%. For example, the
PRED(0.25) = 80 indicates that the relative error equals 25% or less for 80% of all MRE-values
taken into account.

It should not be overlooked that accuracy measures such as MMRE or PRED(x) are not always
best suited for accurate estimation [82]. Therefore, Shepperd and MacDonell [82] suggest
using measures based on residuals. Ferndndez-Diego et al. [28] conducted a systematic
literature review examining studies focused on effort estimation. Among other things,
they summarized the results of the accuracy of the most common estimation techniques
considering MMRE and PRED(x) (see Table 2.2). The PRED(x) metric results suggest that
using data-driven techniques to estimate the effort results in a more accurate estimate than
using non-algorithmic techniques like Planning Poker [28]. However, in practice, less time-
consuming non-algorithmic techniques in the form of expert judgment or Planning Poker are
preferred [12, 80].

Estimation Method | Accuracy Metric | Mean | Median |  Range

Non-algorithmic:

Planning Poker MMRE 0.41 0.39 0.07, 1.07
PRED(x) 62.80 73.00 | 33.00, 83.00

Expert Judgement MMRE 0.22 0.22 0.12,0.33

Algorithmic:

Machine Learning MMRE 0.58 0.43 0.06, 2.04
PRED(x) 73.39 80.95 | 38.10, 100.00

Neural Network MMRE 0.23 0.12 0.03, 1.58
PRED(x) 88.83 94.87 | 57.14, 100.00

Function Size Measurement | MMRE 041 0.28 0.06, 1.20
PRED(x) 86.21 80.63 | 78.00, 100.00

Table 2.3.: Accuracy summary statistics by Fernandez-Diego et al. [28]

2.3.5. Effort Estimation in Scrum

After outlining the most important aspects of effort estimation, the following will briefly
discuss the process of effort estimation in Scrum according to the Scrum Framework by
Schwaber and Sutherland [79]. Schwaber and Sutherland [79] provide little guidance on
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performing effort estimation. Still, they emphasize that a Product Backlog item should have
an estimation, in addition to the attributes description and order. Primarily, the Product
Backlog items should be prioritized or ordered by the Product Owner and subsequently
estimated by the team. The Product Owner only assists in the estimation process in case of
comprehension questions. In the Sprint Planning Meeting, the team predicts which items it
can deliver in the upcoming Sprint, selects them, and breaks them down into smaller working
items. During this process, the team is responsible for estimating the effort of each working
item before they are moved to the Sprint Backlog. Schwaber and Sutherland [79] recommend
using daily meetings to re-estimate Sprint Backlog items if necessary and keep the Sprint
Backlog up to date. The Sprint Backlog can be changed during a Sprint, but care should
be taken to adjust the estimates of working items accordingly and estimate newly added
working items. Suppose a working item is incomplete at the end of a Sprint, which should be
avoided. In that case, the item should be re-estimated and moved back to the Product Backlog,
causing the already completed work to lose value [79]. Overall, the team is responsible for
all estimates, and the Product Owner can support the team in the estimation process, as
mentioned above [79]. The Scrum framework generally provides little guidance on how the
estimation process should be performed, which techniques can be applied, and which units
can be used. To this end, Schwaber and Sutherland mention in the first chapter that "specific
strategies for using the Scrum framework vary and are described elsewhere" [79]. It should
be noted that the aspects of effort estimation discussed in the previous sections have been
identified in most cases in agile environments where the Scrum methodology was applied.

2.3.6. Effort Estimation in Large-Scale Software Development

The effort estimation process, the estimation techniques applied, as well as the size metrics
used for estimating in large-scale agile development are similar to small-scale agile projects
[9, 96]. More specifically, planning Poker and expert judgment methods are commonly
applied for effort estimation in large-scale agile development, using Story Points or task
size to estimate the effort [9]. The difference in the process is that cost drivers should be
considered during estimation, which do not play a role in agile co-located environments, such
as cost drivers in the context of global barriers, e.g., temporal, geographic, and cultural factors
[10], as describes above. In addition, the estimation process in large-scale agile development
presents challenges that are less relevant on a small scale, such as managing the coordination
and dependencies between multiple teams [6, 7]. Furthermore, long-term estimates, i.e.,
estimates for several months, pose significant difficulties for teams in scaled projects, as the
scope of requirements compared to smaller projects is immense. This can lead to teams
being generally skeptical about estimates [27], resulting in inaccurate estimates and a lack
of commitment. Unlike research in the context of effort estimation in agile development,
there is little research on effort estimation in large-scale agile development, particularly on
the process and challenges faced during effort estimation [95]. With this thesis, we attempt
to fill this gap by pursuing the research objective of understanding how effort estimation is
performed in scaling agile environments, identifying what challenges are encountered during
the estimation process, and deriving propositions to mitigate these challenges.
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After outlining the theoretical foundation and explaining key concepts relevant to this thesis
in the previous chapter, this chapter covers the related work. Here, publications that have
dealt with effort estimation and its challenges are presented. It should be noted that this
chapter only provides a snapshot of what exists in the literature.

3.1. Effort Estimation in Agile Development: Process, Challenges,
and Mitigation Propositions

Mallidi and Sharma [52]

Mallidi and Sharma [52] conduct a literature review to introduce agile estimation techniques
in the context of the estimation unit Story Points. Mallidi and Sharma [52] explicitly dis-
cuss the agile estimation methods Planning Poker, T-Shirt Size, Dot Voting, Bucket System,
Large/Uncertain/Small, Ordering Method, and Divide Until Maximum Size or Less, which
can all be used for relative units. Mallidi and Sharma [52] focus on estimation techniques
used in the agile Scrum framework, in which the estimation process is typically performed
in a dedicated Scrum Meeting where a responsible person, often the Product Owner, selects
a requirement from the Product Backlog. The selected requirement is then discussed and
estimated by the entire team estimates based on one of the described techniques. Mallidi
and Sharma [52] emphasize that the entire team decides on the estimate as a group decision,
resulting in no individual being responsible for an inappropriate estimate. According to
Mallidi and Sharma [52], the advantage of Story Points lies in comparability. By using Story
Points, the work performed by a team during a Sprint, the so-called velocity, can be compared
with the velocity of other teams. The authors note that the Scrum Master decides on the
appropriate estimation technique based on the project scope, the experience of the resources,
more specifically, team members, and the project size. In summary, Mallidi and Sharma
[52] provide details on when which estimation technique is applicable. Finally, Mallidi and
Sharma [52] discuss the challenges related to estimating using Story Points and provide
suggestions on mitigating them. The table below summarizes the identified challenges and
proposed mitigations [52].
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Challenge

Mitigation Propositions

Lack of story point estimation prediction:
Teams do not know how to predict the story
point from the backlog item

Considerable training for the team on how to
work with Agile and do story point estimations

No standardize estimations technique: Agile
Scrum estimates are relative in size and not de-
fined any size. The definition of story point is
different from project to project

Scrum Master selects appropriate estimation
techniques based on project size and experience
of the team

Lack of metrics like size, effort, and velocity
from another project

Management has to support the team to use
agile Management tools to log the activities (e.g.,
efforts, estimates, velocity) for further use

Overestimation of Sprint if already not done
previously the same type of work: Most of the
time, developers inflate the story points if the
team is working on new technology

Scrum Master must moderate the team and pro-
vide the relevant information on new technology
to the team, not to inflate the stories

Cultural and communication bandwidth: How

Scrum Master needs to conduct daily standup

the resource has understood the requirement is
a primary factor for Agile delivery

meetings with the Product Owner for clearly
understating of the requirement to be delivered
on time

Split the requirements into smaller tasks and
create more small teams, working individually
to deliver the common goal. In large projects
create Scrum-of-Scrums/SAFe teams
Commitment can be addressed by creating a self-
managing and self-organizing team allowing the
team to be creative, innovative, and acknowl-
edged for their expertise

Agile process is not suitable for projects requir-
ing a plan-driven approach. Create a hybrid
Agile approach to integrate Project Management
aspects into plan-driven projects

Too big projects or backlogs

Non commitment of the resources

Project Management Integration

Table 3.1.: Challenges and Mitigation Propositions by Mallidi and Sharma [52]

Tanveer et al. [88]

Tanveer et al. [88] conducted a case study to examine and understand the accuracy of the
estimation process in an agile development environment. Therefore, Tanveer et al. [88]
performed interviews with three development teams working at the German multinational
software company SAP. Tanveer et al. [88] focused mainly on the potential influence of
changes to an existing software artifact and factors that could contribute to effort overhead to
improve existing estimation methods in terms of accuracy. They found that there was no other
research at the time that had focused on the same issues. With the first research question,
Tanveer et al. [88] aimed to examine the general estimation process within the agile teams,
including the methods used, the reasons for estimation, the people involved, factors that
influence estimation and the process, as well as the tools used during the estimation process.
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They found that all participating teams conducted their estimations at the Sprint planning
level using tracking and management tools such as JIRA to create a shared understanding
of the tasks to be completed. With the second research question, Tanveer et al. [88] aimed
to identify potential relevant factors to consider when estimating to improve the accuracy.
The findings showed that factors considered relevant were the developer’s experience in
estimating and implementing, the developer’s knowledge of backlog items, dependencies
between backlog items, as well as the complexity of backlog items and their impact on parts
of the system to be developed. Based on these results, Tanveer et al. [88] decided to define a
third research question to investigate which tools could support the estimation process. For
this, five predefined aspects were presented: influential factors, impact analysis, performing
estimation, visualizing estimation, as well as expert interaction and updating estimation. The
interviewees were asked to evaluate all five aspects by rating "Required," "Required with
conditions," or "Counterproductive,” with a focus on whether these aspects might require tool
support. Almost all aspects require some form of tool support, albeit with conditions. Several
interviewees rated the aspect performing estimations as counterproductive and explained that
pre-set estimates could lead to the team not thinking about and actively discussing estimates
themselves. Overall, the results of Tanveer et al. [88] show that considering the factors
mentioned above during the process can improve the estimation accuracy. Furthermore, the
estimation performance of a team and the estimation process can be improved if certain
aspects, such as influencing factors or impact analysis, are supported by tools. Tanveer et al.
[88] see great potential in using impact analysis to improve estimation effectiveness. Therefore,
Tanveer et al. [88] developed a methodology that considers these factors and quantifies the
impact of changes to estimate changes in agile software development effectively in the
research work of Taveer et al. [87]. Further, the developed methodology is supplemented by
guidelines for using impact analysis [86]. In a further study [89], the proposed framework
[87] and an associated mock-up were evaluated by the interviewees from the initial research
[88]. Overall, the practitioners rate the framework as very useful for supporting the effort
estimation process and the associated mock-up as easy to handle. In addition, practitioners
believe that visualizing the factors during the estimation process provides more objectivity in
estimates than subjective estimation based on expert opinions [89].

Ziauddin et al. [102]

Ziauddin et al. [102] set out to develop an effort estimation model that is better suited to
overcome the challenges in effort estimation in agile projects as it is based on the characteristics
of the agile methodology. To measure the accuracy of the developed approach, Ziauddin
et al. [102] use empirical data from 21 software projects from 6 software companies. Effort
estimation can be influenced by many factors that make accurate estimation difficult. Ziauddin
et al. [102] recommend focusing only on factors that can be influenced by the team and
placing less emphasis on uncontrollable factors. Ziauddin et al. [102] consider the factors of
size and complexity of a user story. Since the developed approach is based on user stories,
Ziauddin et al. [102] choose the size metric Story Points for the size factor. Ziauddin et al.
[102] provide guidelines for both size and complexity. For example, a very small story that
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requires only a few hours of effort should be rated with a value of 1 Story Point, or a story
that is very straightforward and clear (no unknowns), that can be implemented with basic
programming skills, and that requires no research, should be given a complexity value of 1
according to the guidelines. However, according to the effort estimation model, the effort of
an individual story is calculated by the product of its size and complexity values. Adding up
the effort of all user stories results in the effort for the entire project. In addition to the effort,
Ziauddin et al. [102] include factors such as team velocity, project duration, and development
costs in their model and again give guidelines for the range of values for some of those
factors. Further, Ziauddin et al. [102] introduce a metric, the so-called span of uncertainty. It
is based on a team’s confidence level, indicating their confidence regarding their estimates.
For example, a level of 100% means the calculated time is the most probable. The confidence
level can be used to calculate a lower bound, the optimistic point, and an upper bound, the
pessimistic point, which in turn is used by Ziauddin et al. [102] to calculate the impact of
confidence on time. Overall, the accuracy metrics MMRE and PRED(MMRE) calculated with
the empirical data of the 21 software projects indicate that the estimates performed with the
developed model are accurate. However, Ziauddin et al. [102] mention that the model should
be further investigated and may still contain weaknesses.

3.2. Effort Estimation in Large-Scale Agile Development: Process,
Challenges, and Mitigation Propositions

Bick et al. [6]

Due to the nature of large-scale agile development, the coordination of multiple teams is
required, which often poses a challenge. Bick et al. [6] analyze the overcoming of this challenge
through a multiple case study conducted at the German software company SAP between
October 2013 and December 2014. In particular, Bick et al. [6] identify the coordination
mechanisms and practices applied to mitigate the challenge of inter-team coordination in
scaled agile environments. Bick et al. [6] aim to fill the research gap in this context by
answering the research question, "How inter-team coordination is achieved in large-scale agile
development systems." Inter-team coordination is essential to identify dependencies between
different teams, which poses a significant challenge in estimating effort. If dependencies
on other teams are not clarified in advance, it can lead to delays and overruns that can
negatively affect the success of a project. For this purpose, Bick et al. [6] comparatively
analyze the approaches to managing dependencies between teams through more than 60
interviews with key roles, such as Product Owners or Scrum Masters, from five different
development programs. Each program has a different setup and approach to managing
inter-team coordination. Bick et al. [6] refer to the five programs as traditional case, cloud
case, distributed case, co-located case, and modular case. The interview participants explained
their perception of the quality of coordination within their program. In the traditional case,
the quality of coordination was perceived differently. Some saw the quality as in need of
improvement but acceptable, while others perceived the quality as highly problematic. In
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the other four programs, the interview participants rated the quality and management of
inter-team coordination as good to very good [6]. Overall, the analysis shows that approaches
to inter-team coordination vary greatly. In the traditional and distributed cases, coordination
focuses on top-down planning, while the co-located and modular cases pursue bottom-
up adaptation. In the cloud case, Bick et al. [6] identify elements of both approaches.
Additionally, Bick et al. [6] analyze the proactive management of dependencies between
teams. Different practices are used to actively manage inter-team dependencies in the cloud,
distributed, and co-located cases, while no active management of dependencies was identified
in the other cases. Best practices include, for example, recurring meetings to jointly plan
all development activities, which also strengthens collaboration. The results indicate that
proactive management of inter-dependencies by both management and team members seems
to work best when the focus is on collaboration and iteration. Bick et al. [6] recommend
holding iterative planning activities, such as effort estimates, especially at higher levels, well
in advance of each Sprint. In addition, to solicit and incorporate feedback from experienced
team members to improve coordination between teams in all constellations, whether top-down
or bottom-up.

Bick et al. [7]

Research often sees a hybrid approach combining traditional and agile practices as a solution
to minimize challenges in large-scale development. However, these approaches often fail, but
it is unclear why. In this regard, Bick et al. [7] investigate how and why a hybrid approach
results in inefficient coordination and project failure. To achieve their research objective,
Bick et al. [7] conduct a case study with 13 teams within a large-scale development at a
global enterprise software company. Within the software company, there were individual
development teams that worked according to agile methodology, whereas activities related
to coordination between multiple teams were performed using traditional methods. Bick
et al. [7] use the term "coordination" in the sense of managing dependencies and the term
"inter-team coordination” in the mind of activities between multiple teams within a multi-
team system. The main goal is to explore what triggers ineffective coordination in a hybrid
approach. Based on the findings, Bick et al. [7] create an explanatory process model of
effective coordination within a hybrid setting. The model does not represent the optimal
solution for effective coordination but instead explains the origin of significant challenges to
effective coordination. Bick et al. [7] identified the lack of dependency awareness as the main
reason for ineffective coordination and the failure of hybrid methods. This mainly results
from the misalignment of planning activities such as specification, prioritization, estimation,
and allocation between the agile teams and the inter-team level. This misalignment leads to
many challenges in the implementation phase. For this thesis, the estimation planning activity
is of particular interest, so the other factors, specification, prioritization, and allocation, will
not be discussed in detail below. However, it should not be overlooked that these factors
still play an essential role in large-scale agile development and are somehow related to
estimation. Bick et al. [7] briefly describe how the estimation process is conducted at the case
organization. The team estimates the open tasks with a high degree of granularity at the
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beginning of a Sprint in a joint discussion on a team level. Team-level estimates are adjusted
in case, e.g., new information is available. A rough estimate is made at the inter-team level,
relying on the responsible parties” experience with multi-team systems. It was found that
the case organization had no standardized procedure for sharing information between teams.
Consequently, team-level estimates were not transparent, so teams could not consider each
other’s estimates in their planning [7]. This lack of transparency led to additional problems,
as teams could not predict when they would depend on or receive tasks from other teams.
Bick et al. [7] describe this estimation misalignment as "imprecise top-down effort estimation
and a lack of feedback mechanisms for bottom-up estimation adjustment." This underlines
the necessity to link traditional top-down planning closer to agile bottom-up planning. To
mitigate this problem, the misalignment of planning activities, and the resulting lack of
awareness of dependencies, Bick et al. [7] suggest holding cross-team planning workshops or
unit-wide retrospectives to manage the dependency awareness better. The research by Bick
et al. [7] highlights the value and importance of an accurate estimation process to minimize
challenges arising from poor effort estimation, resulting in successful project implementation
and delivery.

Usman et al. [95]

As there is little research in the field of effort estimation in large-scale agile environments,
Usman et al. [95] conduct an exploratory longitudinal case study to examine how effort
estimation is carried out in large-scale distributed agile projects. Therefore, Usman et al.
[95] investigate the estimation process in a scaling environment, analyze the accuracy of
the estimates, and identify factors that influence the accuracy. In addition, they identify the
factors’ effect on the estimates” accuracy. To increase the reliability of the data, they collect
data from archived research, as well as unstructured and semi-structured interviews. The case
study was conducted in a very large project involving over 180 employees distributed across
multiple countries and teams. The project is concerned with developing and maintaining
a complex telecommunication software at the company Ericsson. The development teams
apply agile practices in their daily work. At the same time, the project managers followed a
hybrid approach of agile and plan-driven practices to coordinate and manage the work of
the development teams. The data analysis reveals that the effort estimation process is carried
out in two stages, involving many individuals with various roles. The expert judgment
and the analogy method are applied in both stages to estimate the effort. In the first stage,
everything necessary for the second stage is prepared, and initial estimates are made. If a
special unit approves the estimates, the implementation phase begins, and the second stage
estimates are performed. The findings show a tendency towards underestimation in both
stages, with the estimates in the second stage being more accurate [95]. Further, Usman
et al. [95] identify the following factors influencing the effort estimation: team maturity;,
multi-site development, customer priority, and the size and complexity of requirements.
Aspects such as the coordination of multiple stakeholders, lack of detail in requirements,
requirements with a large scope, and new team members immaturity, along with the usual
challenges in a scaling environment, lead to significant complexity and challenges in the
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effort estimation process. However, despite these findings, Usman et al. [95] identify that
re-estimation positively impacts the accuracy and improves the estimates. To address some
of these challenges, Usman et al. [95] recommend considering the factors that influence
estimates during the estimation process and involving all concerned stakeholders, especially
mature teams with the necessary technical knowledge and expertise, in the estimation.

Evbota et al. [27]

In a qualitative case study at Ericsson AB, Evbota et al. [27] conduct semi-structured
interviews to examine the challenges related to collaboration while planning large-scale
agile development projects. In this study, Evbota et al. [27] present a model that describes
the relationship between different types of challenges. They mentioned that every agile
team, regardless of its scale, must be able to estimate the required work, prioritize it, and
then bring these insights together in a good plan for the upcoming iterations. Further, they
identify challenges in all three parts of planning, while the challenges in the estimation
are the focus of this thesis and therefore discussed in more detail. However, it should be
noted that prioritization and planning are equally relevant when planning a large-scale agile
development project. However, according to the results, it is challenging to make long-term
estimations because the amount of content is too large. This challenge leads to teams being
generally skeptical of estimations. In addition, the enormous scope and fast pace lead to a
high amount of troubleshooting which is not always predictable and affects the available
resources during an iteration. Another challenge identified by Evbota et al. [27] is the
systematic monitoring of the estimation process. If there is a lack of systematic monitoring,
the process can take a long time without significant progress being made. In the context
of cross-functional teams, an unstructured estimation can, in the worst case, lead to team
members being responsible for estimating items that do not fit their role and about which
they have no knowledge. Further, findings showed that the learning curve for making a
comprehensive agile estimation is steep, especially for new team members, as estimations
are based on learning from past iterations and experience. In addition to challenges in
technical abilities, like estimation, prioritization, and planning, Evbota et al. [27] have also
identified challenges related to the context of planning, including work environment, team-
building, and team spirit. Further, results show that the lack of suitable information channels
makes exchanging knowledge about decisions in large-scale development difficult. Also,
dependencies between teams and the associated cross-team communication and coordination
are identified as significant challenges. A possible mitigation is coordination meetings,
which, however, the study’s interviewees criticized as boring and too short. Evbota et al.
[27] emphasize the importance of building trusting relationships between all stakeholders,
especially in large-scale agile development projects. Overall, typical agile ceremonies are
well-received at the team level, mitigating some challenges, but the real difficulty often lies
in cross-team communication. The model proposed by Evbota et al. [27] indicates that the
ability to plan in a large-scale agile environment depends on the team’s skills and the context
in which the teams operate.
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3.3. Effort Estimation in Large-Scale Agile Standard Software
Implementation: Process, Challenges, and Mitigation
Propositions

Omiiral and Demirérs [59]

Omiiral and Demirors [59] conduct a literature review in which they examine literature that
deals with the methods of effort estimation for ERP projects, as well as their validation and
limitations. For this purpose, Omiiral and Demirérs [59] limit themselves to online journals
between 2000 and 2016. Omiiral and Demirors [59] justify their research by stating that until
their study, no systematic review specifically addressed applied methods for effort estimation
in ERP projects. The research objective is to understand the effort estimation methods used in
ERP projects and identify potential areas that can be improved. Omiiral and Demirérs [59]
examine 41 publications in detail and classify and compare the methods each publication
considers. The results show that none of the 12 analyzed publications that deal with effort
estimation methods address the same effort estimation method. Still, the most commonly
used size metric in effort estimation is Function Points in the form of COSMIC Function
Points and IFPUG Function Points [59]. Furthermore, Omiiral and Demirérs [59] identify
that 9 of the 12 publications validate the estimates, most commonly based on historical data
[59]. However, Omiiral and Demirérs [59] argue that ERP systems evolve based on customer
and industry expectations, noting effort estimation for ERP projects should be based more
on customer needs than on historical data [59]. Overall, it should be noted that none of
the publications address applying agile practices to implement ERP projects. As of 2016,
no research appears to have been found in the context of effort estimation in large-scale
agile ERP implementation. This suggests that applying agile practices in standard software
implementation is a new area of research. The need for new approaches to effort estimation
for the ERP domain, such as the agile methodology approach, is also emphasized in some of
the publications [59]. With this insight, the research objective of this thesis can be justified.

Madanian et al. [50]

Madanian et al. [50] argue that typical failures in implementing ERP systems can be addressed
by applying agile methodologies. Therefore they examine the critical success factors (CSFs)
that can lead to success in agile ERP development and implementation. With their research,
Madanian et al. [50] aim to create the basis for further research in this context and specifically
lay the groundwork for establishing an agile industry-standard model for ERP development
and implementation. For this purpose, Madanian et al. [50] conduct a systematic literature
review to identify the CSFs in agile ERP development and implementation. Unlike previous
research, Madanian et al. [50] focus on identifying CSFs of ERP projects while considering
the adaption of agile methods for the development and implementation process. Madanian et
al. [50] limit the data collection to research published after 2012 to examine the contemporary
trends and identify current CSFs. To identify the context from various perspectives, studies
of different types, such as case studies or literature reviews, are considered. For the analysis,
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Madanian et al. [50] categorized common factors from various sources into themes, including
team size, agile methodology, challenges, and success. The analysis results indicate a growing
trend in using agile methods when developing or implementing ERP systems, such as Scrum,
Oracle Unified Method, and SAP activate, as well as hybrid approaches that combine agile
and traditional methods [50]. Unsurprisingly, the benefits of using agile methods in ERP de-
velopment or implementation are similar to those of (large-scale) agile software development,
including customer satisfaction, flexibility and scalability, faster delivery, and continuous
improvement. Madanian et al. [50] identified the most commonly mentioned and important
CSFs as communication and collaboration, stakeholder/user involvement, flexibility and
adaptability, testing, and progress monitoring in terms of planning, feedback, and meetings.
Madanian et al. [50] mention that these factors are essential to shorten the time frame and
reduce the costs of ERP projects. However, Madanian et al. [50] did not mention anything
about effort estimation and its challenges. Still, some of the identified CSFs can be helpful
for successful effort estimation and mitigating occurring challenges. To fully answer their
research question, Madanian et al. [50] plan to conduct further research in which data will be
collected with quantitative interviews to identify additional CSFs. Overall, it can be observed
that effort estimation in large-scale agile standard software implementation, such as ERP
projects, seems to be a new area. Which once again justifies the research objective of this thesis.

This chapter provided an overview of existing research in the areas relevant to this thesis. The
review of related work indicates a wealth of research on effort estimation in agile development
at the team level. However, when it comes to the existing research on effort estimation in
large-scale agile development, it was found that there were mainly publications that dealt
with the estimation methods and size metrics employed. Still, research investigating the
estimation process and the challenges associated with effort estimation is limited. In contrast,
no research dealing with effort estimation in agile or large-scale agile standard software
implementation was found. To partially fill this research gap, we conduct a case study
described in the following chapter. With the case study, we investigate the effort estimation
process in a large-scale agile setting, identify challenges faced by practitioners during effort
estimation, and derive mitigation propositions to address these challenges.
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This chapter presents the case study, which is intended to answer the first two research
questions (discussed in Section 1.2). Specifically, the study objective, as well as the planning
and preparation of the case study, are described in Section 4.1. Section 4.2 presents the data
collection, and Section 4.3 discusses the data analysis, particularly the coding process. In
Section 4.4, the case organization, as well as the setup of the program, is described. And at
the end of this chapter, in Section 4.5., the case study results are presented, specifically the
effort estimation process within the case organization and the identified challenges.

4.1. Study Design

The previously presented literature and frameworks associated with effort estimation in
scaling agile environments and its challenges (discussed in Chapters 2 and 3) form the theo-
retical frame of relevance and ensure that the research is rigorous. To ensure the relevance
of this research, the case study is used to investigate the effort estimation process and the
occurring challenges during the estimation process in an organizational setting. The case
study’s approach adheres to the guidelines and recommendations by Runeson and Host [71],
tailored specifically for case studies within the software engineering context.

The case study’s findings are then used to build the artifact of this bachelor’s thesis: a set of
challenges in effort estimation in large-scale agile development and mitigation propositions
to address these challenges. Since the case study is carried out in an organizational setting, it
is ensured that the delivered artifact is of practical value and relevance.

Regarding Yin [101] and Benbasat et al. [5], it is appropriate to conduct a case study methodol-
ogy when studying a contemporary phenomenon in a natural setting. As already mentioned,
the topic of effort estimation in scaling agile development is relevant to practitioners and
researchers. Further, the case study is conducted at a program (discussed in Section 4.4)
within a large active organization to understand the contemporary phenomenon in its real-life
context, i.e., its natural setting. Yin [101] and Benbasat et al. [5] mention that case studies
are appropriate when "how" or "why" questions are posed [5, 101, 63]. In this case, both
research questions (Discussed in Section 1.2) to be answered by the case study are "how"
questions: RQ1: How is effort estimation conducted in the case organization? and RQ2:
What are challenges in effort estimation in scaling agile environments? Further, Benbasat
et al. [5] emphasize that using the case study methodology is appropriate when the problem
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is practice-based and when the experience of the involved people is important. Both points
apply to our research. So, based on these key criteria and others for assessing appropriateness,
applying the case study methodology is evaluated as suitable to fulfill the study objective
and gain insight into practice.

According to Lethbridge et al. [48], data sources triangulation was achieved by collecting not
only first-degree data in the form of interviews but also from third-degree sources such as
documentation, presentation slides, and company websites provided by our contact person
who is part of the program management. By taking different perspectives on the study
objective, a more comprehensive representation is obtained, and the accuracy of the research
is increased [71]. To collect the first-degree data, semi-structured interviews were conducted,
which allowed for deviation from the planned order of questions, creating a natural and open
conversation. Nevertheless, a questionnaire was designed as a basis for the structure of the
interviews and to ensure that all topics were addressed during the interview. The entire
questionnaire can be found in Appendix B.1. According to the guidelines of Runeson and
Host [71], the interview sessions were divided into three phases:

1. General Information

The first phase was a rather structured section including questions on the interviewees’
current role within the program, their experience in agile and large-scale agile IT projects,
and their organization’s experience in agile and large-scale agile IT projects.

2. Effort Estimation within the Program:

The second phase, the central part of the interviews, covered questions on the effort estimation
within the program, e.g., the time and scope of the effort estimation, the involved people
during effort estimation, the estimation objects, and, most importantly, questions on the
challenges the practitioners faced during the estimation process

3. Discussion:
The third phase was led by an open discussion on how research can support the effort
estimation process in the industry.

In initial meetings, our contact person, who is part of the program leadership within the
program, introduced us to the critical processes of the program and the program itself to
ensure that we had a certain level of knowledge before the interviews. Further, additional
meetings with our contact took place in which we introduced the research and its objectives
and discussed the preferred roles of the interview participants. Our contact shared a brief
overview of the research with those who fit the preferred roles and provided us with a list
of potential interviewees. Subsequently, we invited these to the interview series, including
the questionnaire, to ensure that the interview process would be smooth and efficient. The
criteria the interviewees had to meet were that they had knowledge about the effort estimation
process within the program, which automatically covered the aspects that they were part of
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the program and worked in large-scale agile development environments.

4.2. Data Collection

The interviews took place between November 27, 2022, and December 31, 2022, and were all
conducted remotely using video communication tools. In total, 20 experts participated in
the interview series, with the longest interview lasting 50 minutes and the shortest lasting
27 minutes. The average duration of all the interviews was 41 minutes. The length of each
interview depended on the interviewee’s knowledge of the effort estimation process within
the program and to what extent the interviewee had dealt with the questionnaire in advance.
Two interviews were conducted as group interviews with three interviewees each. To stay
within the planned time frame of 60 minutes, it was decided, with the consent of all involved
people, that the interviewees of the group interviews provide the answers to the questions
on the general information part via email afterward. Two researchers participated in each
interview to ensure that all questions were adequately covered and that the time limit of 60
minutes was not exceeded. The interviews started with an introduction round and a brief
overview of the research objectives. In addition, the interviewees were asked permission to
record the interviews for analysis purposes, which all agreed to. As mentioned in Section
4.1., additional data was also collected from third-degree sources, such as presentation slides
and documentation which our contact person provided.

4.3. Data Analysis

The primary goal of the analysis is to draw conclusions from the data while maintaining a
coherent chain of evidence [71], i.e., that the reader should be able to track the progression
from the gathered data to the resulting conclusions and findings [71, 101]. This section details
the methods used to analyze the qualitative data to meet this goal.

Transcription

After the interviews, the corresponding recordings were transcribed. During transcription,
sensitive data relating to individuals or companies were replaced with anonymized names.
At the request of an interviewee, one interview was conducted in German. For the sake of
completeness and to facilitate the data analysis, the transcript of this interview was translated
into English. As previously mentioned, the participants of the group interviews submitted
the answers on the first part of the interview via email. The given information was added to
the beginning of the transcripts of the respective interviews. The transcription process was
carried out using the qualitative data analysis software MAXQDA 1.

Thttps:/ /www.maxqda.com/de
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Coding and Analysis

The process of coding and analysis was performed according to the guidelines and recom-
mendations of Miles et al. [53] and Saldafia [72]. First, a general overview of the data was
obtained by reading the data set in the form of the transcribed interviews and additional
data sources such as the presentation slides and documents. Following Miles et al. [53]
and Saldafia [72], the interview transcripts were coded in a two-cycle approach using a
combination of deductive and inductive coding. In the first cycle, descriptive codes were
assigned to the text segments that summarized these in short sentences [53]. In the second
cycle, higher second-cycle codes were assigned to the first-cycle codes. Further, additional
second-cycle codes were assigned inductively as new insights were gained during the analysis
of each interview’s individual data [53, 72]. Once new codes were assigned for the second
cycle, the previously coded data had to be re-coded. Therefore, an incremental approach was
followed in coding, with the final coding resulting from the coding of all interviews. One
researcher conducted the coding process and iteratively discussed it with a second researcher.
Finally, both researchers analyzed the final coding results. Uncertainties during the analysis
process were discussed among the researchers and resolved by consensus. If uncertainties
regarding the organization, experts, effort estimation process, or challenges could not be
resolved between the researchers, experts from the program were consulted for clarification.
Both coding and analysis of the interviews were performed using MAXQDA 2 qualitative
data analysis software and Microsoft Excel 3.

4.4. Case Description

To understand the significance of the findings in empirical research in software engineering,
it is crucial to provide the context [26]. For this, the organizational environment and the
context of the case study are outlined in this section. The case study was conducted at a
very large program within a German network and infrastructure provider. The merger of
the two largest providers in Germany triggered this program. To achieve greater efficiency, it
was essential to standardize the different IT and ERP systems across the merged company.
Thus, the program was launched to make the core processes around billing and market
communication more efficient and uniform across the company by implementing an ERP
cloud solution. To realize the objective, a cloud ERP system transformation was carried
out using an existing standard ERP cloud solution from a large German software company
which was further tailored to the company’s needs and requirements. Not only were agile
methodologies applied to implement the transformation as fast and efficiently as possible, but
the company also worked closely with the ERP system provider - the large German software
company - and a German subsidiary of an American consulting firm. This resulted in over
350 people being involved in the program.

Zhttps:/ /www.maxqda.com/de
Shttps:/ /www.microsoft.com /de-de /microsoft-365/excel
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4.4.1. The Organizations
The Network and Infrastructure Company - NetInfrCo

As mentioned above, the ERP Cloud System transformation was conducted at the Network
and Infrastructure Company. After the merger in 2019, the company had over 72,000
employees (State: 2021) and is one of Europe’s largest network and infrastructure providers,
with a revenue of 77.4 billion EURO (State: 2021). The merged company, referred to as the
holding company, and its subsidiaries are present in several locations throughout Europe,
all of which are part of the program, i.e., each of these companies undergoes an ERP
transformation. In total, 290 employees from the holding and subsidiary companies were
involved in the program and were responsible for the transformation, implementation, and
customization. For this, the employees mainly took on roles in agile teams. In sum, we
interviewed 12 people from the Network and Infrastructure Company, with interviewee BC1
being an employee of a subsidiary company. The interviewees have key roles such as Scrum
Master, Product Owner, Solution Architect, or Developer working in agile and large-scale
agile software development between 1 - 10 years (see Table 4.1.). The interviewee BC1 acts as
a Product Owner for the transformation within the subsidiary company and as a Business
Contact for the corresponding subsidiary within the "central" program of the company-wide
transformation. For simplicity, only data from the perspective of the Business Contact will be
considered, and therefore, this interviewee will be assigned to the holding company (see Table
4.1.). The most frequently mentioned time frame to the question on the company’s experience
in both agile and large-scale agile software development is 6-10 years (see Appendix C.1.,
Columns 5 and 7). In the following, all companies are referred to as "company" irrespective
of whether they are holding companies or subsidiaries.

The Software Company - SoftwareCo

The German Software Company is the provider of the cloud-based ERP system in the
transformation program and supports the Network and Infrastructure company in carrying
out the program. The company has more than 111,000 employees (State: 2022) and is
the world’s largest European and third largest publicly traded Software Company with
a revenue of 30.9 billion EURO (State: 2022). In total, 40 employees have supported the
ERP transformation both in the agile teams and at the program leadership level. In sum,
we interviewed six people from the Software Company, with interviewee SolAr3 being an
employee of an external partner. Since SolAr3 performs the same tasks and activities as the
Solution Architects of the Software Company and the external partner works closely with the
Software Company, SolAr3 is assigned to the Software Company for simplicity (see Table
4.1.). The interviewees have roles such as Solution Architect, Scrum Master, and Scrum Coach
in the agile teams and, e.g., Program Manager at the leadership level (see Table 4.1.). The
interview participants” experience in agile and large-scale agile software development ranges
from 3 to 15 years (see Table 4.1). When asked about the company’s experience with agile and
large-scale agile software development, no consistent time frame is cited, with no responses
covering a time frame of less than six years. (see Appendix C.1., Columns 5 and 7).
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The Consulting Firm - ConsultCo

The German subsidiary of the American consulting firm is involved in the transformation
program in a supporting role. The consulting firm has 25,000 employees worldwide (State:
2021) and has a revenue of 9.3 billion EURO (State: 2021). In total, 20 people were working in
the transformation program within the Network and Infrastructure company. The employees
were mainly responsible for the Project Management Office (PMO), acting in a coordinating
role at the program leadership level and not directly in the agile teams. We interviewed two
people from the consulting firm who have different levels of experience in agile software
development. Still, both have 6-10 years of experience in large-scale agile software devel-
opment (see Table 4.1.). The answers to the question of the company’s experience in agile
software development differ, but both interviewees gave a value of 11-15 years of experience

in large-scale agile software development (see Appendix C.1., Columns 5 and 7).

. . Experience in
Experience in
agile software large-scale
No. Company Role Alias 5 agile software
development
development
(years)
(years)
1 | SoftwareCo | 28ile Coachand SM1 6-10 6-10
Scrum Master
2 SoftwareCo Project Manager PJM1 6-10 6-10
3 SoftwareCo Solution Architect SolArl 3-5 3-5
4 NetInfrCo Developer Devl 1-2 1-2
5 NetInfrCo Product Owner PO1 1-2 1-2
6 NetInfrCo Product Owner PO2 3-5 3-5
7 SoftwareCo Product Manager PM1 6-10 3-5
8 ConsultCo PMO PMO1 11-15 6-10
9 NetInfrCo Product Owner PO3 6-10 6-10
10 NetInfrCo Developer Dev2 3-5 3-5
11 NetInfrCo Scrum Master SM2 6-10 3-5
12 NetInfrSubCo | Business Contact BC1 1-2 1-2
13 SoftwareCo Solution Architect SolAr2 3-5 3-5
14 ConsultCo PMO PMQO2 6-10 6-10
15 SoftwareCo Solution Architect SolAr3 11-15 6-10
16 | NetInfrCo Product Managerand | 1) /) 6-10 6-10
Product Owner
Business Process Expert,
17 NetInfrCo Test Coordinator, and BPE1 3-5 3-5
Training Coordinator
18 NetInfrCo Solution Architect SolAr4 6-10 6-10
19 NetInfrCo Product Manager PM3 3-5 3-5
20 NetInfrCo Scrum Master SM3 6-10 6-10

Table 4.1.: Overview of the interview participants
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As Table 4.1 shows, the interviewees gave different answers to the companies” experience in
agile and large-scale agile software development. This can be attributed, on the one hand, to
the uncertainty of some interviewees, as mentioned by some themselves during the interview,
and on the other hand, to the size of the respective companies. If time frames were stated
above, then these are the ones most frequently mentioned by the interviewees of the respective
companies.

4.4.2. The Program Hierarchy

The first phase of the program took place in 2019, during which preparations and planning
took place for the first realization phase, which began in 2020. As mentioned above, the
ERP was to be transformed company-wide, which meant that representatives of almost all
companies of the NetInfrCo, as well as stakeholders of the SoftwareCo and ConsultCo, were
involved in the first phase, referred to as pre-implementation phase. With the goal of a fast
and effective transformation, a well-planned "Program Set-Up" was established, allowing
for the transition to the Cloud ERP System within 15 months per company. The objective
of "Going Live" in 15 months was achieved by dividing the transformation work among
responsible teams and efficiently organizing the program. The "Program Set-Up," shown in
Figure 4.1., is briefly discussed in the following.

‘ Steering Committee ‘

Pilot Rollouts H Program Leadership H EMO) sés:s‘:lrlttaby the

J

Program Management

supported by the SoftwareCo
‘Workstream 1 Workstream 2 Workstream 9 Workstream 10
Specific Area 1 Specific Area 1 Specific Area 1
Specific Area 2 Specific Area 2 Specific Area 2

Specific Area 2

Figure 4.1.: The Program Set-Up simplified and generalized

The Program Leadership

The responsibility for tasks related to the overall organization and coordination of the program,
monitoring the progress, and steering the program falls on the program leadership. This
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leadership group comprises the Steering Committee, Project Management Office (PMO),
Program Management, and Pilot Rollouts. The consulting firm assists the PMO, while the
software company supports the Program Management. The transformation of the ERP
system is essentially carried out by the respective workstreams (discussed in more detail
below), which are mainly supported by the Program Management in important decisions
and planning related to the transformation. In total, three individuals from the program
leadership participated in the interview series, including one from the software company
involved in the program management and two from the consulting firm engaged in the PMO.
Since the program leadership is not directly involved in the estimation process and the focus
of this case study is on this process, the limited number of interviewees from the program
leadership is not considered problematic.

The Workstreams

Tasks regarding customization and implementation are distributed among responsible teams.
Therefore, the "Program Set-Up" comprises ten designated workstreams, each responsible
for a specific business area. Within most of these workstreams, further sub-divisions have
been made. Each workstream has one designated Product Manager, who is not part of the
agile Scrum teams but acts as the link between program leadership and the Scrum teams
within the respective workstream. The Product Manager provides assistance and guidance
to their teams if needed and keeps track of the progress of all Scrum teams within their
workstream, taking on a coordinating and supportive role. Additionally, they are responsible
for organizing dependencies between their workstream and others. In this program, the
agile Scrum team typically consists of a Product Owner, a Solution Architect, 2 to 5 IT
team members responsible for technical tasks, and 2 to 5 team members responsible for
documentation and functional specifications, making the team size 6 to 12 members in total.
The teams are responsible for the implementation, planning, and estimation of the tasks
assigned to them. Most interviewees were members of a Scrum team and, therefore, also
involved in the corresponding workstream. To increase the validity of our results (discussed in
Chapter 4.5), we interviewed members from five different workstreams who were associated
with different Scrum teams within their respective workstreams. It should be noted that some
interview participants held more than one role within the program, e.g. SM1 or PM2.

Cross-Team Roles

In addition to the roles within the workstreams or program leadership, there are also cross-
team roles, such as Scrum Masters or Agile Coaches, which employees of the software
company frequently took on. Their role was to support the teams and program leadership
with their expertise in agile methods and practices and to ensure that the agile values and
principles are used in the right way and are understood by every member of the program.
Further, they introduced agile work methods and estimation techniques to the teams.

Regarding the size of the program and the number of people and Scrum teams working
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together using agile methodologies to implement and adapt the standard cloud solution, this
program can be classified as a (very) large-scale agile program according to the taxonomy
of this thesis, as mentioned in Section 2.1. However, it should be noted that this program
is not one in which new software is developed but an ERP transformation in which one of
the software company’s existing standard software solutions is implemented and adapted
accordingly. For the adaptation of the standard software, requirements were defined in the
pre-implementation phase in 2019. Further, in the planning phase of each company, more
requirements are specified if necessary(discussed in Chapter 4.5). All requirements are then
classified to determine whether they only needed to be adapted accordingly or did not yet
exist in the standard solution and had to be newly developed to meet the customer’s needs.

4.4.3. The Effort Estimation Process

For such ERP transformation projects, the software company, whose standard solution is to
be implemented, has developed an approach in the form of a framework. This framework is
a hybrid approach consisting of parts of the Waterfall methodology and parts of the Scrum
methodology (SolAr3). It was developed to support customers during the implementation,
migration, or system conversions of standard software provided by the software company. It
includes six phases that an optimal transformation should go through. As the thesis focuses
on the effort estimation processes using agile practices and the challenges that occur during
the process, only the preparation and realization phases are relevant in which agile practices
are applied, especially in the latter. The remaining phases are irrelevant in the context of this
thesis and will, therefore, not be discussed further.

The planned duration of the company-wide transformation is set to five years (PMO1). As
described in Section 4.4, the planned duration of a company’s transformation is 15 months,
including the preparation phase. To efficiently complete the company-wide transformation
within the planned five years, the program envisages the rollout of several companies in
parallel within these 15 months (PMO1, PO3). In the following, the companies whose trans-
formation is planned for the following year are referred to as "rollout companies." The overall
estimation process within the case organization is visualized in Figure 4.2.

It should be noted that the results may vary in some cases because the interviewees work in
different teams, which, due to the nature of the agile methodology, are self-organized and
self-determined, which can lead to the use of different approaches. However, the analysis
showed that there were only a few differences but overall the approach to estimating the
effort within the teams is very similar. During the analysis of the estimation process and
planning events at the highest level, the roadmap planning, there were some disagreements
among the interviewees. This is not surprising, as most interviewees operate at a team level
and are generally uninvolved at the highest level. Nevertheless, these discrepancies had to
be eliminated. For this purpose, our contact person, part of the program leadership, has
ensured clarity by providing accurate information. Further, the idea behind story points
is to estimate requirements based on their complexity, degree of difficulty, and scope for
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estimates to be free of influencing factors such as the skills of individual team members.
Therefore, normalizing story points to, e.g., person days does not strictly adhere to pure agile
best practices. However, in large projects like the case study program, each individual has
a different experience using story points resulting in different understandings of this size
metric. This makes it difficult to, e.g., compare teams, calculate metrics correctly, or for teams
to estimate with this size metric. As a result, at the beginning of the program, the program
leadership decided to normalize story points to person days so that all of the over 350 people
involved have a shared understanding and reference for the estimation unit.

The Preparation Phase

The preparation phase is performed in the fourth quarter of a year and forms the basis for
the realization phase for the following year (Dev2, PM2, PO2, PO3). In addition to organiza-
tional preparations such as staffing or tooling, an important event called the "Fit-To-Standard
Workshop" takes place. During this workshop, the rollout companies, whose transformation
is planned for the following year, familiarize themselves with the standard ERP solution and
gather their requirements based on the functionalities of the standard solution reflecting their
needs for the ERP system (PJM1, Dev2, PM2, SolAr4, PM1, PO3, PM?2). These requirements
are then assigned to one of the four classifications (SolAr4): Fit, Gap, Non-Functional, and
WRICEF, an acronym for the sub-classifications Workflow, Report, Interface, Conversation,
Enhancement, and Form combining these in one classification. For example, a "Fit" is a
requirement that already exists in the standard solution and only needs to be further adapted
through configuration or customization. While a "Gap" is a requirement that does not exist
in the standard solution and needs to be developed and implemented from scratch. Most
interviewees agree that the classification of requirements does not play a role in effort esti-
mation. However, three of the interviewees believed that classification has an impact on the
effort estimation, as it is clear in advance that a "Gap" is more complex and therefore requires
more effort to implement than, for example, a "Fit" (SolAr1, Dev2, SolAr2).

"Yes, it has an influence because some gaps normally need more documentation. And normally
are related to real developments and not only to customizing or changing settings on the
systems. So it’s more to do for these objects and more to test and also to document.” (SM3)

However, after classification, the requirements are discussed, validated, and prioritized as
long as a design authority has approved them. The scale low, medium, high, and very
high is used for the prioritization. For example, requirements considered legal bindings are
prioritized as very high, while requirements considered "nice to have" are prioritized as low.
Then, the prioritized requirements are moved into the backlog, “creating the initial backlog”
(PJM2), and assigned to the responsible workstreams. As explained by our contact person, the
program follows a "Design to Budget" approach, which seeks the most cost-effective solution
for individual components during development. This implies that there may also be cases
where low or medium prioritized requirements are removed from the backlog. However,
the initial prioritized backlog, specifically the result of the Fit-To-Standard Workshop, is

41



4. The Case Study

documented, forming the basis for the following year (Dev2, PM2, PO2, PO3).

"As an example, we have, let’s say, 800 gaps given in an Excel, and then we discuss it with
the rollout entities. And in some cases you might come to the conclusion, no, that is, for
example, no gap because it's already available or they won't get it or whatever. So then the
gap will not be further processed in the project.” (PO1)

Within the program, there are three levels at which the effort estimation is performed: the
requirement level, the work package level, and the work item level. The respective objects
are estimated at all three levels, partly using different units. To estimate, there are three
designated events: Roadmap Planning at the requirement level, Wave Planning at the work
package level, and Sprint Planning at the work item level. It should be noted that the esti-
mation at the next higher level serves as the basis for the underlying level. In other words,
the estimates on the requirement level form the basis for the estimation on the work package
level, which in turn forms the basis for the estimation on the work item level. These three
levels or events will be explained in detail below.

"We have requirements, work packages, and work items, and we estimate all three of them.
We use story points and effort points which are theoretically two different, whatever. But in
the end, throughout the whole program, it's aligned that one story point equals one effort
point equals one man day.” (SM3)

The Roadmap Planning

The Roadmap Planning takes place after the Fit-to-Standard Workshop (PM1, PO3, PM3)
and is the event where effort estimation is first carried out (PO1, PO3, PM3). This planning
event is conducted once for each rollout company before the realization phase (SM1, Dev1,
PO1, Dev2, SM2, PM3). During this planning event, the prioritized requirements from the
initial backlog are estimated in IT effort in person days (SM1, Devl, SolAr2, SM3). At this
point, little is known about the implementation of the requirements, which is why the effort
is only estimated very roughly (SM1, PJM1, Dev1, PO2, PM1, PMO1, SolAr2, PM2). In this
process, the stakeholders confer, discuss the requirement, and agree on an estimate based on
their experience, knowledge, and gut feeling. To minimize the complexity of the estimation
process, the number of involved individuals is kept as small as possible (PMO2) and is
limited to selected members, which usually include the Product Manager, the Product Owner,
Solution Architects, and IT members of the respective workstreams and teams, as our contact
mentioned. The result of the Roadmap Planning, the Product Backlog with prioritized and
initially estimated requirements, forms the basis and starting point for the realization phase.
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The Realization Phase

The realization phase is limited to 9 months and divided into three so-called Waves, each
lasting three months (PMO1). A Wave consists of three regular Sprints in which the respective
requirements are implemented and an additional Sprint in which no new requirements are
implemented but the already implemented requirements are tested and the next Wave is
planned (SM2, SolAr2). Throughout the realization phase, there are two recurring events in
which effort is estimated, the Wave Planning and Sprint Planning. All interviewees mentioned
that the entire Scrum team participates in both events and is jointly responsible for the
effort estimation. Further, the objects on both levels are estimated in Story Points. Initially;,
some teams tried out estimation techniques like Planning Poker (PJM1, SolAr1, PO2, PM1,
Devl, SM2, BC1, SolAr2, SolAr3, SolAr4) but have then replaced these techniques with a
simple expert judgment based on knowledge and gut feeling. As the analysis showed, expert
judgment is used by all interviewees, although some teams also combine this technique with
an analogy, comparing the objects with the estimates of previous and similar objects (SM1,
Dev1, PO2, Dev2).

"Now, for most of us it has proven the best approach to be a rather hand on combination of
gut feeling, experience based assessment and also recycling of old estimates for similar tasks
from the past.” (SM1)

The Product Owner does not actively participate in the estimation but is responsible for
prioritizing the items, coordinating the team, moderating the estimation process, and support-
ing the team during the process with his expertise from a business perspective (PO1, PO2,
PM1, PO3, SM2, SolAr3, SolAr4). To guarantee the collaboration of all workstreams or Scrum
teams and to achieve consistency, the Story Points were normalized for the entire program, as
mentioned above. Accordingly, one Story Point is translated into one person day;, i.e., 8 hours.
In addition, the Program Leadership has set further guidelines regarding the capacity of the
teams, whereby non-productive activities have been taken into account. For example, a "full"
team member responsible for implementing the requirements has 13 Story Points capacity
per Sprint. Keeping this in mind, both planning events are discussed in the following.

The Wave Planning

The first Wave Planning Event takes place after the Roadmap Planning so in the last quarter of
the year. Therefore, the first Wave is already planned before the realization phase begins. The
second and third Waves are planned in the Wave Planning Events, which take place during the
fourth Sprint of the previous Wave, as mentioned above. The basis for these events is the main
outcome of the Roadmap Planning Event, the roughly estimated and prioritized requirements
placed in the Product Backlog. Each requirement must be broken down into smaller parts,
so-called work packages. Each work package is a functional subset of a requirement that can
be completely implemented within a Wave, i.e., three months (DevI). Thus, as all interviewees
mentioned, a requirement can be broken down into n work packages. If the work packages
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do not have a high level of granularity, it may be necessary to move them into the next Wave.
This can lead to challenges and, in the worst case, result in delays in the realization phase, as
PMO1 mentioned. After decomposition, each work package is discussed to ensure a common
understanding and then estimated by the entire team. When estimating the effort of a work
package, the initial estimate of the corresponding requirement is divided among the n work
packages, with the distribution not being even but based on the complexity, risk, and effort
of each work package (PJM1, PO1, PM1). Therefore, each work package is compared to the
other (n - 1) work packages (PJM1, PO1, PM1). At the work package level, the team has
more information about the actual implementation of the items, which allows for adjustments
to be made to the estimates by the entire team if the initial estimate of the requirement is
too high or too low (PM1, PMQO?2). In case of under/overestimation, the adjustment is only
made at the work package level and not retroactively for the requirement level (SM1, PM1).
PJM1, SolAr1, and Devl mentioned that the work packages are additionally estimated with
value points, which are intended to help the Product Owner prioritize the work packages
in the Product Backlog. For this purpose, the program leadership has predefined a value
points scale, according to which the work packages should be estimated. For example, a
work package with the functionality of "reducing the complexity of processes and thus saving
time in the overall process" should be estimated with three value points corresponding to
a medium priority. At the Sprint level, work items are implemented, a functional subset
of a work package that should be fully implemented within one Sprint (PJM1, Devl, SM2).
The breakdown of the work packages into n work items is done in the same way as the
breakdown of the requirements into work packages (SM1, PO1, PM1). This decomposition
and the allocation of the work items to the respective three Sprints within the Wave are also
part of the Wave Planning (SM1, PJM1, PO1, PM1). During the event, particular focus is
placed on ensuring a common understanding of the work packages to be implemented. Each
Wave Planning event is followed by a Wave Plan Presentation meeting planned by the PMO.
The Product Owner of each Scrum team presents their planned Wave to discuss dependencies
between workstreams or other Scrum teams and make appropriate changes if needed, as the
majority of interviewees mentioned.

"So we have the effort estimation in the requirements, and we break it down in the work
package and try to divide the effort into the work package. Also, for the work items, we do the
same. Only in case we have some unforeseen items we can increase it, but we will not then
touch the requirements if we say the requirement is 50. And then in the work package, we see
it’s more than we adjust the work package, we not adjust backward the requirement.” (PM1)

The Sprint Planning

At the beginning of each Sprint, the Sprint Planning event is conducted, where the next Sprint
is discussed and planned with the entire Scrum Team, as every interviewee mentioned. The
work items defined and created during the Wave Planning serve as the starting point for this
event, which are further discussed in detail to ensure that each team member understands
each work item before estimating it. As some interviewees noted, an insufficient breakdown
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of work items, as stated above with work packages, can result in work items having to
be moved to the next Sprint, causing delays if not resolved at an early stage. The effort
estimation process is carried out similarly to the one on the work package level, where the
estimates of the respective work packages serve as the basis for the estimates at the work
item level. So, the total estimate of a work package is divided among its corresponding work
items. Estimates are adjusted if the effort of the work package was under/overestimated
due to a lack of information, as the majority of interviewees noted. The estimates on the
work item level are the most accurate as the most information on the actual implementation
of each item is known. Most interviewees mentioned that the experts on the team are the
option leaders giving estimations based on their experiences and gut feeling, which are then
challenged, discussed, and finalized by the entire team in case of discrepancies which is the
most time-saving approach. As mentioned above, the entire team is involved during the
effort estimation process, with the Product Owner supporting and not actively participating
in the estimation (PO1, PO2, PM1, PO3, SM2, SolAr3, SolAr4). Optionally, work items can
be broken down into tasks estimated in hours, but none of the interviewees mentioned that
their team specifically estimates tasks. In addition to the adjustments made during the Wave
and Sprint Planning events, program leadership has determined that at least one Product
Backlog Refinement meeting of 6 hours should be held in each Sprint. During the Backlog
Refinement, estimations, prioritization, and the decomposition into work packages or work
items are adjusted, and newly added requirements are discussed and estimated (SolAr1, PO3,
PM1, Devl, BC1, SolAr3, PM3). Therefore it is ensured that changes are reacted to quickly,
that sudden influencing factors such as dependencies, over/underestimation, and sudden
events affecting the system are not neglected, and that the Product Backlog is continuously
adjusted and up-to-date (SolAr1, PO3, PM1, Devl, BC1, SolAr3, PM3). Several teams did
not hold this Backlog Refinement meeting for 6 hours straight but spread it out over the
Sprint, for example, three meetings of 2 hours each (PJM1, SM2). Besides the Product Backlog
Refinement meeting, SM3 mentioned that his team adjusted the effort estimations during
daily meetings if necessary.

"Within the sprints or within the waves, there is this refinement, where you look at how
things have gone so far, what we have done so far, or what will happen in the future so that
you can possibly make adjustments if you see that there have been changes.” (SM2)

The Documentation and Monitoring

Among all the interviewees, two tools were mentioned that are used for documentation and
monitoring throughout the program in the context of planning and effort estimation. The
software company offers a tool that provides tools, content, and services to support customers
in implementing their systems. This tool is the primary tool or, as some said, the "single
source of truth" (PJM1, SolAr1, PO1, PM1, PO3, SolAr2, SolAr3). The tool is used, among
other things, for documenting estimates, the Wave and Sprint Planning, and maintaining the
Backlogs. This tool creates transparent communication and provides data that can be used for
analysis purposes or comparisons for future estimates (Devl, PMO1, SM3). However, most
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agreed that this tool does not provide any support during the estimation process but only
records the result of it. In addition to this tool, Excel * is used, especially at the requirement
level, to maintain and document requirements along with their classification, prioritization,
and estimation (PO1, PO2, PM1, PO3, SM2, PM2, PM3, SM3). Additionally, any dependen-
cies that are already apparent during the Fit-to-Standard workshop are documented and
maintained in this Excel too. Building on the tool provided by the software company, the
consulting firm built an Excel dashboard for reporting reasons based on the existing project
data from the tool to visualize certain metrics and the project process (SM1, PMO1, PMO2,
BPE1). This dashboard was more important and relevant for the program leadership than
for the workstreams or teams, as most respondents noted. Further, the analysis showed that
hardly any team uses metrics to monitor the effort or the estimation accuracy, arguing that
this is only relevant for program leadership. However, BPE1 states that a completion metric is
used within his team:

"We have some kind of percentage of completion measure that we apply in our wave planning
[...] so we rely on or we apply certain percentage of completion values inside the different
work packages. So not to lose the full overview, what has been done, what needs to be done.”

Although almost everyone agrees that the actual effort expended for implementation is
relevant to improve the estimation performance, it is not actively tracked, as it is challenging
and complex. BCI notes that his team discusses the actual effort but does not actively track it.

“https:/ /www.microsoft.com /de-de/microsoft-365/ excel
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Figure 4.2.: Visualization of the Effort Estimation Processes at the Case Organization
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4.4.4. The Challenges

This section summarizes all identified challenges (Table 4.3), from which the most frequently
mentioned challenges in effort estimation are described in detail. A total of 25 challenges were
identified, not all of which are typical for large-scale agile development. However, to ensure
a comprehensive representation of the current situation in the context of effort estimation,
they were included in the collection of challenges. In an additional column in Table 4.3,
challenges typical for large-scale agile development are marked with the abbreviation LSAD.
As mentioned above, the underlying case study involves a standard ERP implementation
with the application of agile practices. Therefore, it was decided to also mark challenges
in the context of effort estimation that are typical for large-scale agile standard software
implementations. These are abbreviated as SS in the additional column in Table 4.3. During the
analysis, specific clusters were identified that led to an overarching categorization. Therefore,
the 25 challenges were assigned to four main categories, which are briefly described in Table
4.2.

Category Description
Program Setting This category includes challenges related to the program setting that result
from preliminary decisions made at the highest level, the program leadership

Collaboration This category includes challenges related to the collaboration of all levels
(team, workstream, and program leadership)

Expertise This category includes challenges related to the expertise, which is often
neglected or missing during the estimation process and hinders accurate
estimation

Uncertainties and | This category includes challenges related to uncertainties and an information
Information Deficit | deficit, which exists especially at the requirement level

Table 4.2.: Identified Top Categories

One of the most frequently mentioned challenges is the time restriction (C2), which has
been assigned to the program setting category since the time is linked to the predefined
duration of the program. The general time restriction within the entire program leads to
several challenges in the context of effort estimation, which were mentioned by PJM1, PM1,
PO3, SM2, BC1, SolAr2, PM2. Primarily, an accurate estimation using the expert judgment
method requires time to discuss the individual requirements, work packages, or items and
then agree on the estimation (PM1, SM2, BC1). The discussion is often shortened due to time
restrictions by not estimating in the entire team but rather having experts take the lead and
estimate the items, resulting in an estimation process that is not held as ideally as it should
be when following the agile methodologies (PJM1). In the context of time restriction, (PO3)
mentioned that meetings suitable for adjusting estimations and discussing learnings are not
held due to time restriction. Building on this, SolAr2 mentioned that identifying dependencies
is time-consuming. However, having additional meetings to estimate these dependencies and
include them in the estimation is difficult because time is already scarce. Additionally, in this
context, the estimation process in teams is often seen as overhead because it takes away time
from the actual implementation work, as SM2 says:
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"The colleagues aren’t all that enthusiastic about all the events we have anyway. It always
takes up a lot of time and they want to have more time to work. I can understand that, but it’s
important to look at it again and again, and to dedicate yourself to it.”

Another challenge is considering dependencies to other teams, workstreams, and systems in
the estimation (C14). This challenge has been assigned to the collaboration category since it
relates to the collaboration between different teams, workstreams, and systems, with existing
dependencies being one of the most well-known challenges in large-scale agile development.
In total, PJM1, SolAr1, Devl, PO1, PO3, SolAr2, PM3 mention this challenge. PJM1, SolAr1, and
SolAr2 state that, especially in the system’s modules that build on and interact with each other,
there are many dependencies that are difficult to identify in an early stage. Additionally,
the interviewees PJM1, SolAr1, Devl, PO1, PO3, SolAr2, and PM3 mention the challenge
of considering dependencies between other teams and workstreams during the estimation
process. Devl summarizes the problem of dependencies as follows:

"Some areas that have to be covered might be black boxes for you. So you have no idea of
what has to be estimated. [...] Maybe you don’t know what somebody else has to do in the
third-party application. But you as the estimator you have to also calculate it within your
estimation. But you can’t, you can’t know it basically.”

The most frequently mentioned challenge is the unclear or incomplete specification of the
requirements (C23), which is not typical for large-scale agile development but was mentioned
by ten interviewees (SM1, SolAr1, PO1, PMO1, SM2, SolAr2, PMO2, SolAr3, SolAr4, PM3).
All interviewees who expressed this challenge agree that this challenge is one of the main
reasons why the effort estimation process is such a challenge for the teams. Especially at the
requirement level, there is a huge information deficit, which hinders accurate estimation on
work package and work item level. The information deficit is manifested in incomplete, weak,
and unclear functional descriptions of the requirements, which provide little information
about what is to be implemented. SolAr3 gives an extreme but straightforward example to
illustrate such descriptions and the associated challenge:

“[...] We are just handed over some sentences, we need to have, as an example, we need to have
that button in blue. But we do not know where does that button now need to be positioned?
What functionality does that button have?”

All challenges are shown in Table 4.3, including a brief description based on what the in-
terviewees said, whether the challenge is typical for (large-scale) agile or standard software
implementations (abbreviated with CL for classification), and which of the interviewees
mentioned this challenge. The classification of whether a challenge is typical for (large-scale)
agile was performed based on the values and principles of the agile methodology [35], the
existing literature, and our expertise in this context. The classification of whether it is a
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challenge typical for standard software implementation was also based on the challenges
mentioned in the existing literature and our expertise.

efforts

and size of the program, the lack of
commitment to transparency, the lack
of keeping the backlog updated, and
the wrong granularity of estimation
objects

ID | Name Description CL Interviewees
Program Setting
C1 Project setting A fixed, large time frame requiring ini- | SS PJM1, Devl, Dev2,
tial estimates and the tight tying of esti- SM2, SolAr2, SM3
mates to the budget limit the flexibility
of estimations and lead to inaccurate
initial estimates
C2 Time restrictions There is a lack of time for estimating | LSAD | PJM1, PM1, PO3,
requirements, but the process of esti- SM2, BC1, SolAr2,
mating effort and identifying depen- PM2
dencies is very time-consuming
C3 | Unclear responsi- | Lack of knowledge about the respon- PO2
bilities sibility in terms of person, team, or
workstream for certain requirements
makes effort estimation difficult
C4 | Pressure and | Pressure and control from manage- SM1, SolAr1
control by manage- | ment, resulting in inaccurate estimates
ment to meet management expectations and
feeling pressured to be faster than man-
agement’s original estimates
C5 | Lack of measures | Lack of measures/metrics that mea- Dev2
to improve estima- | sure planned and actual efforts result-
tions ing in less potential for improvement
in future estimates
C6 | Inappropriate tool | The complexity and inflexibility of the | LSAD | PM1, PO3, SolAr2
support tool, as well as the lack of features
that could support the estimation pro-
cess, makes the requirement break-
down process, planning, and docu-
menting of estimates difficult
Cc7 Monitoring of esti- | The monitoring of estimates and actual | LSAD, | SM1, PMO1, PMO2
mations and actual | effort is difficult due to the complexity | SS
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C8 | Difficulty to es-| Even if companies define a standard | LSAD | PJM1, SolArl
timate in story | for story points, the definition can
points unit change from project to project lead-
ing to teams having difficulties under-
standing them. Further, teams often
find it difficult to use relative size met-
rics to estimate effort
Collaboration
C9 Lack of team com- | Lack of team commitment in terms of | LSAD | SM1, PJM1, PO2,
mitment the general resistance to the program’s PO3, SM2
way of working and the necessity to
convince new members that the pro-
gram’s way of working is a good ap-
proach. Further, team members not
participating in the estimation due to
the lack of knowledge and experience,
as well as teams seeing the estimation
process as overhead
C10 | Lack of knowledge | At the beginning, there was a lack PM1
about contact part- | of knowledge about contacts (e.g., ex-
ners in the begin- | perts) required for the effort estimation
ning process
C11 | Efficient commu- | Language barriers hindering the cor- | LSAD | SM1, SolAr1, PO1
nication  despite | rect understanding of requirements
spatial distribution | and performing the estimation process
and language | in virtual meetings makes estimating
barriers difficult
C12 | Having a correct | A correct and common understanding PO2, PM1, PO3,
and common un- | of the quality criteria and scope of the Dev2, PMO2
derstanding of re- | requirements, as well as the require-
quirements needed | ments themselves, is necessary for es-
for estimations timating the requirements. The lack
of this understanding or language bar-
riers between individuals, teams, and
workstreams complicating the under-
standing makes estimating difficult
C13 | Difficulty to esti- | Difficulty to estimate additional over- | LSAD | Devl
mate  additional | head (e.g., meetings, explanations) due
overhead such | to the size and complexity of the pro-
as meetings and | gram
explanations
C14 | Considering  de- | Dependencies to other teams, work- | LSAD | PJM1, SolArl,
pendencies to | streams, and systems make it difficult Devl, PO1, POB3,

other teams, work-
streams, and
systems in the
estimation

to estimate, especially when there is
a lack of knowledge regarding the de-
pendencies

SolAr2, PM3
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Expertise

C15 | Subjectivity of esti- | Estimates are based on subjective crite- SM1, PM1
mates ria such as the individual knowledge
of the estimators
C16 | Lack of experts in- | There is a need for expert involvement SolArl, PO1, PM1,
volved in estimates | during the estimation process, but the SolAr2
unavailability or absence of experts on
the team makes estimation difficult
C17 | Lack of involve- | Lack of involvement of experts with BC1
ment of experts | the knowledge and experience in top-
in top-level estima- | level estimation (e.g., roadmap plan-
tions ning) leads to inaccurate initial esti-
mates
C18 | Lack of knowledge | Teams often lack experience and PjM1, PO1, PMl1,
and experience re- | knowledge regarding effort estimation, BC1, SolAr2
garding effort esti- | making accurate estimation difficult
mation
C19 | Neglection of rele- | Management neglects relevant factors | LSAD | SM1, Dev2, SolAr2
vant factors when | such as dependencies in initial esti-
estimating mates or non-functional requirements.
In addition, during budget planning,
only the factor of the size of the orga-
nization’s structure is considered, but
not the complexity of the requirement
and the associated effort
C20 | Adjustment of ef- | Unfinished items have to be moved | LSAD | SolAr2
fort estimates as a whole to the next iteration (e.g.,
Wave, Sprint), leading to the challenge
that the backlog of the previous itera-
tion is missing the effort already spent
on the item and the estimate has to be
adjusted in the next iteration
Uncertainties and Information Deficit
C21 | Information deficit | Information deficit regarding require- | LSAD, | Devl, PO2, PMO2
in the initial estima- | ments (especially in the beginning) due | SS
tion of large, com- | to size, dependencies, and uncertainty
plex requirements | make estimating difficult
C22 | Information deficit | Information deficit regarding Devl
regarding new re- | new  requirements  ("Greenfield-
quirements Requirements") for which the im-
plementation is uncertain and no
comparable requirements are available
C23 | Unclear or incom- | Unclear specification and an informa- SM1, SolArl, POI1,

plete specification
of the requirements

tion deficit in the functional descrip-
tion of a requirement makes estimating
difficult

PMO1, SM2, So-
1Ar2, PMQO2, So-
1Ar3, SolAr4, PM3
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C24 | Missing knowledge | Lack of knowledge about the person(s) | LSAD | PO3, SolAr4
about resources in | working on a requirement, their avail-
terms of people in- | ability, as well as their skills in estima-
volved in the imple- | tion makes estimating difficult
mentation
C25 | Unforeseen Unforeseen changes in terms of sys- | LSAD | PO1, PO3, SM2,
changes tem or process-related problems dur- BC1, SolAr3, BPE1

ing implementation, ad-hoc require-
ments, changes in the timeline, or peo-
ple leaving the program make estimat-
ing difficult

Note: Challenges that are typical of agile or large-scale agile due to agile values and principles are
abbreviated with LSAD. Challenges that are typical of standard software implementation are abbreviated
with SS. The column in which the classification, whether typical LSAD or SS, is abbreviated with CL

Table 4.3.: Identified Challenges in Effort Estimation - Case Study Results
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In this chapter, the identified mitigation propositions that can be implemented to address the
challenges described in the previous chapter are discussed. These were elaborated from the
interview data and existing literature in the context of effort estimation in agile or large-scale
agile development and then assigned to the challenges. Only challenges directly addressed
by the mitigation propositions were considered in this regard. Some challenges affect each
other, allowing for indirect mitigation if a related challenge is directly mitigated. This indirect
mitigation was not considered in the assignment. In addition, the mitigation propositions
typical of agile or large-scale agile due to agile values and principles were identified and
highlighted in bold in Table 5.1. To not exceed the scope of the thesis, only a few propositions
mitigating the most challenges are briefly explained below.

One proposition mitigating a total of 12 challenges is early and continuous communica-
tion between all levels: teams, workstreams, and program management (M5), which is
evidently typical agile or large-scale agile, as communication and collaboration are essential
principles of the agile methodology [35]. Early and continuous communication across all
levels can reduce challenges, particularly in the categories of collaboration and uncertainties
and information deficit. The interviewees Devl, PO1, Dev2, and PM3 emphasized that early
and continuous communication across all levels can clarify uncertainties early and allow
teams to proactively seek help in the form of experts, for example. Thus, challenges such as
unclear responsibilities (C3), difficulty in having a correct and common understanding of
requirements (C12), unclear and incomplete specification of requirements (C23), and others
can be overcome through early and continuous communication, not only between different
teams but across all levels. PM3 described early communication and collaboration as a
proposition to mitigate the challenge considering dependencies to other teams, workstreams,
and systems in the estimation (C14) as follows:

"[...] Once we know there is a dependency towards any other workstream, we are supposed to
register this dependency and discuss it with the other workstream [...]. So they know at least,
and we know they know. Does it make the estimation better? A bit. Yes. [...] And then it’s
like communication. So whenever you see something is upcoming, don’t wait until the last
minute. But just raise your hand. Let them know that some task is coming.” (PM3)

Bick et al. [6] mentioned that communication and collaboration across all levels help to
meet the planning timeline across all levels, which can mitigate the challenge project setting
(C1). Additionally, experienced and qualified project managers help promote communication
across all levels, thus avoiding communication problems and misunderstandings [90].
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Include people with experience in estimating effort and reacting to unforeseen in the
estimation process (M9) was assigned to a total of 11 challenges. By involving experts with
experience in effort estimation, the time required for estimation can be reduced (C2), and
difficulties with size metrics such as story points can be minimized through their knowledge
and expertise (C8). Furthermore, experts have the necessary experience to make the right
decisions and react appropriately when unforeseen changes occur (C25). In addition to
these challenges, involving experts can mitigate others such as lack of team commitment
(C9), efficient communication despite spatial distribution and language barriers (C11),
having a correct and common understanding of requirements needed for estimations (C12),
difficulty to estimate additional overhead such as meetings and explanations (C13), and
lack of knowledge and experience regarding effort estimation (C18). By involving experts in
top-level estimations, the initial estimates at the requirement level can become more accurate
(C17), increasing the accuracy of estimates at the work package and work item level. BC1
describes the lack of involvement of experts in top-level estimations and Roadmap Planning
(C17), from which mitigation proposition M9 can be derived, as follows:

“[...] if you plan something like a roadmap, you have to plan it like not on the top level.
You have to involve like your professions in the lower levels, and you can avoid estimation
challenges if you involve the right people. If not, and some people plan the whole roadmap
without the professions, without the people with knowledge, it’s very challenging.” (BC1)

Similar was found in the literature. Several researchers recommend involving all relevant
stakeholders and experts in the estimation process [6, 15, 90, 95]. Mallidi et al. [52] also
suggest involving the Scrum Master in the estimation process, as they believe they are respon-
sible for communicating the information about new requirements.

The proposition tool support to automate the estimation process (M16) mitigates a total of
nine of the identified challenges in the context of effort estimation. Using available data and
tools to automate the estimation process can reduce the time of the estimation process (C2),
the complexity, and the incomparability, as well as provide more transparency, as SM1, SolAr1,
PM1, and PMO1 mentioned. By automating the estimation process by, e.g., providing initial
estimates, as suggested by the literature [3, 88], not only the process and estimates can be
improved, but the challenge lack of team commitment (C9) due to lack of knowledge can be
mitigated. Moreover, the challenge subjectivity of estimates (C15), which is common in effort
estimations using expert judgment as an estimation technique, can be addressed. Further,
the challenges monitoring of estimations and actual efforts (C7), difficulty to estimate
additional overhead such as meetings and explanations (C13) or considering dependencies
to other teams, workstreams, and systems in the estimation (C14) among others can be
mitigated by implementing M16. If such tools are used, they should be easy to use, and
the data should be integrated in a suitable way [88]. SM1 also sees the provision of rough
estimates as a helpful starting point for the process:
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“[...] What I do, what is actually quite effective, even though I do not know what the functional
work is about, I just say a number, because my colleagues who have the expertise to challenge
that number are much faster. If they see a number that is too high or too low, they can tell me
why it is too high or too low. So starting with a blank sheet is always hard, and I was required
to have some sort of automated pre-field. If the numbers are always 50% up, it’s much faster
because you just correct something, but you do not have to think too much about something.”
(SM1)

However, Tanveer et al. [88] point out that using initial estimates, for example, may increase
the risk of the team not thinking and discussing pro-actively during the estimation, and
therefore suggest using automation in the form of initial estimates more as a stimulus.

Another mitigation proposition identified is the use of supporting techniques during the
estimation process (M19), which is evidently typical for agile or large-scale agile projects due
to the mentioned techniques, e.g., Planning Poker. Such techniques promote collaboration
and continuous learning, essential principles of the agile methodology [35]. Devl and PMO2
expressed that techniques such as Planning Poker or Spike Stories can improve estimation
accuracy and help to have a common understanding of each item.

"So at least for me, but maybe not speaking for my company, it’s really just this planning
poker. Yeah, I know this from research. So theoretically, I think this can be helpful to get the
common understanding of more people and get the estimation closer to the reality as just the
estimation of one person.” (Dev1)

However, in each case, the technique applied should be chosen based on the project size
and the team’s experience [52]. By using such techniques, challenges such as difficulty to
estimate in story points unit (C8), lack of team commitment (C9), or information deficit
regarding new requirements (C22) can be mitigated. In addition, techniques such as silent
grouping, where each team member estimates items silently and independently, i.e., without
prior discussion, and only those items for which there is no consensus on the estimates are
discussed by the team, can be used to minimize lengthy discussions during the estimation
process, thereby reducing the estimation time (C2) [68]. Generally, using such techniques
for estimating leads to group discussions and knowledge sharing, allowing the whole team
to learn from each other and develop a general understanding of the estimation process
and estimates. Tanveer et al. [88] share a similar view, which is reflected in the results of
their work that developing a common understanding is often more important than making
estimates.

The only mitigation proposition that was found solely in the literature [15, 52, 88, 89] and not
mentioned by the interviewees is the use agile metrics and store estimates for improvement
and future use (M21). Again, it is evident that this is a typical agile or large-scale agile
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mitigation proposition, as applying agile metrics, as well as storing estimates, not only creates
transparency but also encourages a process of continuous learning and improvement. By
using metrics such as velocity, the team’s activities are recorded and made available for future
use. Further, by storing data obtained through these metrics, uncertain estimates can be better
predicted, and the team can reflect on their estimation performance and learn from it. This
proposition can mitigate several challenges, including difficulty to estimate in story points
unit (C8), adjustment of effort estimates (C20), information deficit in the initial estimation
of large, complex requirements (C21), or information deficit regarding new requirements
(C22).

In addition, all mitigation propositions are shown in Table 5.1, including a brief description
and the associated challenges. Many of these propositions mentioned by the interviewees
were also found in the literature related to effort estimation in agile or large-scale agile
development. This strengthens the validity of our results. Some mitigation propositions
were directly mapped to challenges through the interviews or existing literature, while some
assignments were based on our knowledge and expertise. In most cases, the explanation
of why a proposition can mitigate a challenge is intuitive and can be inferred from the
description of the respective proposition. Further, most mitigation propositions, 12 out of 21,
were identified as typical for agile or large-scale agile development based on the agile values
and principles [35].

ID Name Related Challenge Description
M1 | Adding a buffer to | C21, C22, C23 Add bulffer for uncertainty to the estimation
estimations in case (PMO2, PM2);
of uncertainty
M2 Additional phase | C12, C14, C21, C22, | Add an additional design phase before im-
before the imple-| C23 plementation to check requirements on a de-
mentation phase to tailed level and the feasibility (SolAr1); Sim-
check requirements ilar to the propositions of adding a design
in detail (feasibility phase, literature recommends conducting a pre-
and quality) implementation phase with the customer to in-
crease the success of the ERP implementation
project [90]
M3 Cultivation of a de- | C12, C14 List all dependencies between teams, work-
pendency list streams, and systems and understandings of
the requirements in a dependency list (Devl,
Dev2, PM3);
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M4 | Deep dive sessions | C2, C3, C12, C14, | Add additional meetings, workshops, or deep
and workshops | C21, C22, C23, C24 | dive sessions to clarify the understanding of
to clarify require- requirements and discuss resources needed in
ments and needed terms of people involved for implementation
resources (PO1, PO2, PO3, Dev2, PM2); It would be ad-

visable to have the customer present in such
additional meetings to resolve ambiguities [96].
To reduce the number of additional meetings,
research [52, 90] mentions that daily stand-up
meetings could be sufficient to clarify an under-
standing of the requirements. Further, Tanveer
et al. [88] find that developing a common un-
derstanding, for which such meetings can be
constructive, is often more important than mak-
ing estimates.

M5 | Early and contin- | C1, C3, C10, C11, | Foster communication in an early stage between
uous communi- | C12, C14, C16, C18, | all levels to clarify understandings and actively
cation  between | C21, C22, C23, C24 | ask the program management for support and
all levels: teams, experts (Devl, PO1, Dev2, PM3); Literature [6]
workstreams, and mentions that communication and collabora-
program manage- tion at all levels can help to address planning
ment time frames across all hierarchical levels. To

address the challenge of communication issues
and misunderstanding, a skilled and qualified
project manager could be helpful [90].

Mé6 Events to recap on | C5, C8, C9, C18, | Use events (e.g., Sprint Review) to discuss
learning and docu- | C20 lessons learned and document findings to im-
ment those prove in the next iteration (e.g., Sprint) (BC1);

This is also recommended in the literature in
terms of feedback sessions [3]
M7 Guidelines and | C2, C8, C12, C15, | Provide more guidance and establish a stan-

standard estimates
for tasks uniform
across all teams

C18

dard for estimation components that are uni-
form across all teams (e.g., documentation, test-
ing)(PM1, Dev2); Tanveer et al. [88] propose
to define standards, e.g., for the complexity or
story size to improve estimates
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M8

Consider ad-
ditional effort
regarding organiza-
tional and process
factors during
estimation

C12, C19

Consider not only effort directly associated with
the implementation but also from an organi-
zational and process perspective such as com-
munication costs or resources needed for the
implementation during the estimation (PMO2);
In addition, the research [3, 88, 89, 96, 95] rec-
ommends considering factors that influence the
effort estimation process, such as the implemen-
tation experience of the developer, candidates
with a high degree of optimism, or the esti-
mation knowledge of team members. Further,
all development activities, including, e.g., non-
functional requirements that require significant
effort or testing effort, should be considered in
the estimates [96]

M9

Include people
with experience in
estimating  effort
and reacting to
unforeseen in the
estimation process

C2, C8, C9, (11,
C12, C13, C16, C17,
C18, C22, C25

Include experienced people in the team who
know how to estimate, react to unforeseen, and
moderate the estimation efficiently and well and
involve experts in top-level estimations (e.g.,
roadmap planning) (Devl, PM1, PO3, BC1, So-
[Ar2); Similar is suggested by the literature: All
concerned stakeholders should be involved in
the effort estimation process [15, 90, 95] and
all planning activities should gather and incor-
porate feedback from experts [6]. Especially
the Scrum Master should be involved in the
effort estimation process moderating the team
and providing the relevant information on new
requirements [52]. In case experts are not avail-
able, then Hill [36] proposes to compare pend-
ing requirements with a collection of already
estimated requirements

M10

Measures to con-
vince the team that
effort estimation is
a group/team ac-
tivity

C9, C18

Introduce measures that convince the team that
effort estimation is a group activity regardless
the individual knowledge (PJM1);

M11

Normalization of
story points (to per-
son days)

C8, C9

Normalize the size metric story points to per-
son days to assure that everyone has a reference
and understanding to the size metric (PJM1);
Normalizing story points in person days is one
option to overcome difficulties when estimat-
ing in story points, but generally it should be
ensured that there is a clear and standardized
definition of story points within the project [30]
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Mi12

Plan requirements
for an appropriate
time frame to im-
prove the accuracy
of estimates

C1, C20,C24

Plan requirements for an appropriate time
frame (e.g., not too far in advance) to improve
the accuracy of estimates (PO3, PM3); However,
research recommends to conduct planning ac-
tivities, such as effort estimation, with sufficient
lead time to identify certain factors, such as
dependencies, at an early stage [6, 7].

M13

Platforms and
meetings to iden-
tify and discuss
dependencies

C14, C19

Include meetings and communication platforms
to discuss and identify dependencies (PJM1,
SolAr1, Devl, SolAr2), e.g., cross-team planning
workshops or unit-wide retrospectives [7, 6]

M14

Reduce time track-
ing pressure for
employees

C4

Consider allocating more time for networking
among employees so that they are more open
to honest time recording (Dev1);

M15

Support and mo-
tivation by Scrum
Masters and Agile
Coaches

C8, C9, C11, C13,
C18, C20, C22, C23,
C25

Scrum Masters and Agile Coaches to underline
the importance of the estimation process, keep
the team motivated and support the estimation
process (PJM1, PMO1); Mallidi et al. [52] rec-
ommend a training program for the team to
familiarize the team with the agile way of work-
ing and the use of relative estimation metrics,
e.g., story points. In addition, it could be help-
ful to empower the team in their self-organized
nature, to be creative and innovative, and to
acknowledge their expertise [52].

Mie

Tool support to au-
tomate the estima-
tion process

C2,Ce,C7,C9, C13,
C14, C15, C18, C23

Use available data and tool support to auto-
mate the estimation process to reduce time,
complexity, and incomparability and provide
more transparency (SM1, SolAr1, PM1, PMO1);
In this case, it is essential that the tool is easy to
use and data is integrated in a proper way [88].
Research [3, 88] mentions that analogies with
similar projects and providing initial estimates
can also improve the process and estimates

M17

Tool/feature to sup-
port the estimation
process

C2, C6, C7,C8, C9,
C11, C12,C14, C15

Add features (e.g., Post-its, Scrum Boards)
to the tool to support the estimation process
(PM1); By adding features that visualize as-
pects from, e.g., impact analysis or proposed
estimates, the challenge of subjectivity can be
mitigated and the estimation process, as well as
risk management, can be supported [88, 89]

60




5. The Mitigation Propositions

M18

Tracking of actual
efforts

C5,C7,C15

Track the actual effort to understand reasons
for shifting requirements to next iteration (e.g.,
Sprint) and improve estimates in the future
(PM1, PMOI); In addition, using accuracy met-
rics, such as actual effort, can improve the over-
all planning process, as well as the development
of shared understanding [88]

M19

Use of supporting
techniques during
the estimation pro-
cess

C2, C8, C9, C11,
C12, C15, C18, C21,
Cc22

Using techniques (e.g., Planning Poker, Spike
Stories) to improve estimate accuracy and ques-
tion their accuracy based on uncertainty and
understanding (SM1, Devl, PMO?2); In this case,
the techniques should be selected based on the
project size and experience of the team [52].
Techniques like silent grouping will minimize
lengthy discussions, which in turn reduces the
time spent on estimating [68] or applying im-
pact analysis helping to identify the impact of
implementing a requirement on the existing
system can lead to an improvement of the esti-
mation process [88, 89]

M20

Use T-Shirt size
as an estimation
unit to avoid diffi-
culties to estimate
in story points
and trust the team
more

C4, C8, C9

Use the size metric T-Shirt size to prevent dif-
ficulties in estimation, to assure that everyone
has a reference and understanding to the size
metric, and to give trust to the team (SolAr1); Re-
search [30] proposes to use well defined, objec-
tive size measurement to avoid misunderstand-
ing of story points and assure that everyone
understanding to the size metric [30]

M21

Use agile metrics
and store estimates
for improvement
and future use

C5,C7,C8, C9, C18,
C20, C21, C22, C25

Several researchers [15, 52, 88, 89] recommend
to use agile metrics, e.g., velocity, to record ac-
tivities for further use and predict uncertain
estimates better, as well as store estimates to
track, learn, and reflect the estimation perfor-
mance

Note: Mitigation propositions that are typical of agile or large-scale agile due to agile values and principles
are highlighted in bold

Table 5.1.: Mitigation Propositions to address the identified Challenges in Effort Estimation -
Results from Case Study Results and Existing Literature
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6. Artifact Evaluation

6.1. Methodology

The objectives of the evaluation are to collect qualitative feedback and improvement sug-
gestions from practitioners to refine the artifact further, as well as to assess the artifact in
terms of its practical relevance. In the case of this thesis, the artifact developed is a collection
of identified challenges and mitigation propositions. To achieve these goals, three semi-
structured interviews were performed with selected participants from the initial interviews.
In addition, a survey was conducted, in which the 17 remaining participants from the initial
interviews could evaluate the artifact and provide their qualitative feedback online. In total,
nine experts participated in the online survey. Table 6.1 provides an overview of the experts
who participated in the evaluation, as well as whether they participated in an interview or an
online survey. The information provided by the online survey participants about their role
and experience in large-scale agile IT projects may differ from those in the initial interviews
due to reasons such as internal role changes or the fact that they had more time to reflect on
their experience.

Experience in
No. Role Alias agile software Interview.(Duration h:m)

development \Online-Survey

(years)

1 Project Manager PM1 6-10 Interview (0:58)
2 Solution Architect SolArl 3-5 Interview (0:51)
3 PMO PMO1 6-10 Interview (0:36)
4 Scrum Master SM1 6-10 Online Survey
5 Agile/Scrum Coach | AC1 6-10 Online Survey
6 Product Owner PO1 3-5 Online Survey
7 Product Owner PO2 3-5 Online Survey
8 Solution Architect SolAr2 3-5 Online Survey
9 Solution Architect SolAr3 11-15 Online Survey
10 | Product Owner PO3 3-5 Online Survey
11 | Product Manager PM1 16 - 20 Online Survey
12 | Agile/Scrum Coach | AC2 11-15 Online Survey

Table 6.1.: Overview of the evaluation participants

The online survey was divided into three parts, with the first part being a shortened version
of the General Information section of the initial interviews. Respondents were asked to
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provide information about their role and experience with large-scale agile development. This
additional inquiry was necessary because the online survey was conducted anonymously.
The first part of the General Information was not included in the semi-structured interviews,
as this information had already been obtained through the initial interviews. The second
and third parts of the online evaluation were the same as the first and second parts of the
interview evaluation. The only difference is that the nature of the semi-structured interviews
allowed for a more natural and informative conversation. Thus more detailed feedback could
be obtained compared to the online survey. However, since the content of both evaluation
methods was the same, the results do not need to be distinguished further and will be treated
as equal in the analysis throughout the sections of this chapter. The second part of the online
evaluation and the first part of the interview evaluation involved assessing the identified
challenges. While the last part of the evaluation involved assessing the mitigation propositions.
In both cases, respondents were asked to agree or disagree with the identified challenges
and mitigation propositions using a five-point Likert scale [49] with the response options
strongly agree (1), agree (2), neither agree nor disagree (3), disagree (4), and strongly disagree (5).
The online survey contained a text box where respondents could provide qualitative feedback
or improvement suggestions in addition to each challenge and mitigation proposition. In
the semi-structured interviews, feedback naturally emerged during the conversation. The
detailed questionnaire of the online survey, which was used as a basis for the structure of
the semi-structured interviews (excluding the General Information section), can be viewed in
Appendix B.2. Subsequently, the collected data from the evaluation was coded and analyzed.
After transcribing the interviews, the transcripts were coded in a two-cycle approach using
a combination of deductive and inductive coding according to the guidelines of Miles et al.
[63] and Saldafa [72]. Similar to the coding procedure of the initial interviews, descriptive
codes were assigned to relevant text segments of the feedback [53] in the first cycle. In the
second cycle, the higher codes of the second cycle were mapped to the codes of the first cycle,
grouping them inductively by applying pattern codes for recurring concepts [53, 72]. Once
new codes were assigned for the second cycle, the previously coded data had to be re-coded.
A similar procedure was followed with the qualitative feedback from the online survey, which
did not need to be transcribed before coding. The results of the analysis are presented in
detail in the following sections, with the results of the evaluation of the challenges discussed
first, followed by the results of the mitigation proposition.

6.2. Evaluation

6.2.1. Evaluation of the Challenges

As part of the evaluation, practitioners are to assess the relevance of the identified challenges
and agree or disagree on whether these challenges represent a challenge in the context of
effort estimation within the case organization. The evaluation results may vary, as the ratings
are based on individual opinions, which are additionally influenced by their experience in
large-scale agile development, specifically in effort estimation, their role within the program,
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and the level at which they operate. The statistical evaluation of the challenges is presented
in Figure 6.1. To avoid exceeding the scope of this thesis, only selected challenges will be
discussed in more detail. More specifically, those where opinions differed and there was no
unanimity, as these differing views are particularly interesting.

C2: Time restriction

In challenge C2, opinions were divided. While about 58% of respondents agreed or strongly
agreed that time restriction is generally a problem in the context of effort estimation, a third
disagreed. Although more than half of the respondents at least agreed, the standard deviation
is 1.16, which is because the third who disagreed with the challenge increased the variance
and thus the standard deviation accordingly. Overall, the average evaluation on C2 is 2.58,
and the median is 2, corresponding to the response option "agree." Among the respondents,
it was emphasized that identifying dependencies on other teams or workstreams is very
time-consuming and often challenging for teams due to the time limitations (SolAr1). Two of
the four respondents who disagreed argued that time is always a problem because time is
generally limited. Still, the purpose of the effort estimation process is to exchange information
about the respective requirements to understand all perspectives on the topic and avoid
misinterpretations or problems in the later implementation (PJM1, PM1).

“[...] Sometimes there is feedback from the teams that this estimating process or the entire
agile elements at all are blocking them from the real work. But, then we always try to give
them the understanding that this is also part of this real work because the effort estimation
itself, from my perspective, just doesn’t have only the purpose to have a certain value of story
points. But more important, even is the exchange on the topic, the different views you get in
this process.” (PJM1)

In addition, the time spent on the estimation process is a small part compared to the total
time available for implementing and realizing the requirements (PJM1).

C5: Lack of measures to improve estimations

The statistical evaluation of challenge C5 shows a standard deviation of 1.21 with an average
and a median of 3, which corresponds to a "neither agree nor disagree" response. While C5
was evaluated by one respondent with "strongly agree" and one with "disagree," four agreed
or disagreed with C5 being a challenge in the case organization. SolAr1 argues that metrics or
measures to measure the planned and actual efforts are constructive to improve the estimation
performance for future estimations and strongly agrees. SolAr1 sees the potential to make
accurate estimates in the future not fully realized due to the lack of these metrics or measures.
While PJM1 argues that “record the effort and assign them to a certain work package, I think that’s
always difficult. It means a lot of administrative additional work, which is usually, I've seen it in
another project, it’s hardly accepted by the teams. There is the risk that [...] people tend to record
times according to what is expected to be recorded because, especially when you work on several work
packages, you have to assign your records and to certain work packages. I think not many do it that
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accurately [...]” and therefore strongly disagrees on C5 being a challenge in the context of effort
estimation. PMO1 also disagrees, as based on observations within the program, estimates’
reliability and quality have improved over time. However, PMO1 further mentions that the as-
sessment, in this case, is context-dependent, and C5 could be a challenge in a different context.

Cé6: Inappropriate tool support

The statistical evaluation results in a standard deviation of 1.48 and an average and median
of 3.0. Based on the comment, "Fancy tools like [*] " (PO3), it can be assumed that the
respondent wanted to choose "strongly agree" instead of "strongly disagree,” which would
change the statistical evaluation accordingly. However, PJM1 argues that the main tool of the
program provided by the software company, includes additional functionalities such as trans-
port management or process documentation, which are not relevant for the documentation
of agile activities. Therefore, PJM1 justifies his evaluation of "neither agree nor disagree" by
stating that there may be better tools for documenting and tracking purely agile activities,
but for the end-to-end process of the program, this tool is the best available solution. PMO1
shares a similar opinion and disagrees that C6 is a challenge. On the other hand, SolAr2
strongly agrees that inappropriate tool support is a challenge and recommends using separate
tools “one for steering the agile teams and a separate one for the budget planning and reporting”.

C8: Difficulty to estimate in story points unit

The evaluation results on C8 show an average and median of 3.08 and 3.0, respectively, corre-
sponding to the response option "neither agree nor disagree." The results yield a standard
deviation of 1.16. Among all responses, "disagree" is most commonly chosen for evaluation
C8, with one-third of the responses, while the other assessments are mainly distributed
between "neither agree nor disagree" and "agree." One of the respondents who disagreed
on difficulties in estimating with story points argued that it was decided very early in the
program to normalize story points to person days, which gave everyone in the program a
reference and understanding of the size unit. Therefore there were no challenges in this
context for effort estimation (PMO1). However, PMO1 also mentioned that the normalization
is not an agile best practice, but that in a program with more than 300 people involved,
it was the easiest way to use a size unit that everyone, regardless of their experience in
estimating, could use to estimate. ACI shares the same opinion and also disagrees on C8
being an challenge. PJM1 mentioned that because they initially observed this challenge in all
teams within this program, it was decided to normalize story points and agreed that C8 is a
challenge in effort estimation:

"That was also the reason why we decided to somehow set story points as an equivalent
to person days because we also saw this or had this challenge [...]. I think we managed
it somehow, but it’s still, or it’s definitely a topic where it’s worth investing in a common
definition at the very beginning and also in the communication or somehow distributing

S*iga placeholder to ensure that sensitive data is protected. In this case * is a placeholder for the name of the
tool provided by the software company
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information to the entire team and making sure that everybody, really everybody, gets it. And
this is, of course, a challenge. Absolutely.”

C18: Lack of knowledge and experience regarding effort estimation

The evaluation of C18 reveals some inconsistencies. 50% see C18 as not being a challenge
within the program. In contrast, 50% at least agree that a lack of knowledge and experience
regarding effort estimation in the team leads to challenges in estimating. Therefore, the
median is in the middle, at 3.0, while the average is 2.92 due to the one "strongly agree"
assessment. Respondents argue that there was a great variance in experience within the
teams and the program itself. Further, it was observed that the teams’ estimates were good,
resulting in C18 not being a challenge that practitioners faced within the case organization
(PJM1, PMO1). Particularly striking was the distribution of the respective assessments of
whether C18 is a challenge practitioners face during effort estimation. All respondents, except
one, who disagreed, had roles that were not directly part of a Scrum team, such as people
from program leadership, Scrum Masters, or Agile Coaches. While the respondents who
agree that C18 is a challenge during estimation all have roles within the Scrum teams, such
as Product Owner or Solution Architect.

C24: Missing knowledge about resources in terms of people involved in the implementa-
tion

The distribution of the evaluation for C24 shows an average of 3.08 and a median of 3.0,
resulting in a standard deviation of 1.08. What is generally interesting about challenge C24 is
that it arises due to the normalization of story points. The idea behind relative estimation
measures such as story points is that items are estimated based on their complexity, degree
of difficulty, and scope rather than individual factors such as the skills or experience of the
individuals involved. This is because a developer in the field for more than 15 years can
implement an item faster than one with only one year of experience. Certainly, estimates are
influenced by such individual factors but should not be estimated based on these. SolAr1
precisely describes this difficulty:

"From my perspective, the effort estimation should not be done on the availability of an expert
or on the one who is responsible for that. [...] If I know that, let’s say, a developer or someone
who has a lot of experience then it might be less effort [...]. So the effort estimation should not
be done based on the one who has knowledge or what kind of knowledge the person has. So
from my perspective, I would disagree.”

This aspect is not decisive whether C24 is a challenge because the story points were normal-
ized to person days in the program, which leads to the estimation being based on individual
factors such as the availability or skills of the persons. Suppose this information about the
persons involved in the implementation is not available during the estimation. In that case,
challenges arise, making effort estimation difficult. This explains why nearly 41% agree on
C24 being a challenge that practitioners face during effort estimation.
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Regarding the remaining challenges not discussed in detail above, the experts mostly agreed
with some minor exceptions, which affected the standard deviation accordingly. A detailed
analysis of the quantitative results, more specifically, the distribution of the answers, is shown
in Appendix C.2.
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Neither
Strongly Agree nor Strongly
Agree Agree Disagree Disagree Disagree
(1) (2) 3) (4) (5) _

C1: Project setting

C2: Time restrictions Xx=258
C3: Unclear responsibilities X=2.42
C4: Pressure and control by management =158
Cs: Lack of measures to improve estimations % =3.00
C6: Inappropriate tool support X=3.00
C7: Monitoring of estimations and actual efforts X=2.25
C8: Difficulty to estimate in story points unit % =3.08
Cg: Lack of team commitment X=2.42
C10: Lack of knowledge about contact partners %=08
; L =2.83
in the beginning
Cu1: Efficient communication despite spatial =550
distribution and language barriers =25
Ci12: Having a correct and common
understanding of requirements needed %=1.83
for estimations
C13: Difficulty to estimate additional overhead %=
such as meetings and explanations =225
C14: Considering dependencies to other teams, %=1.6
workstreams, and systems in the estimation =167
C15: Subjectivity of estimates < ] =192
C16: Lack of experts involved in estimates X =267
C17: Lack of involvement of experts in top-level o
estimations and roadmap planning X=275
C18: Lack of knowledge and experience % =002
regarding effort estimation x=29
C19: Neglection of relevant factors when —os
estimating X=2.25
C20: Adjustment of effort estimates =158
Cz21: Information deficit in the initial =158
estimation of large, complex requirements i
C22: Information deficit regarding new -

. X=1.92
requirements
C23: Unclear or incomplete specification _
of the requirements X=150
C24: Missing knowledge about resources in —2.08
terms of people involved in the implementation x=3
Cz25: Unforeseen changes % =208

—&—Median —&—Average

Figure 6.1.: Evaluation Results of the identified Challenges
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6.2.2. Evaluation of the Mitigation Propositions

As part of evaluating the mitigation propositions, practitioners are to assess the relevance
of theses and agree or disagree to what extent these can mitigate challenges in the context
of effort estimation, based on their opinion. To keep the scope of the interviews and online
surveys as small as possible while still ensuring a high level of quality, it was decided not to
explicitly list the specific challenges the presented propositions can mitigate. We justify this
decision by stating that the assignment of challenges to the respective mitigation propositions
should be especially intuitive for practitioners in large-scale agile development, particularly
in effort estimation. However, the mitigation propositions were identified through the data
collected from the initial interviews and existing literature in this context. As with the chal-
lenges, there may be variances in the results of the evaluation of the mitigation propositions,
as ratings are based on individual opinions that are influenced by factors such as experience
in the context of effort estimation in large-scale agile development, the individual’s role, and
the level at which they operate. The statistical evaluation of the mitigation propositions is
presented in Figure 6.2. In the following, only the mitigation propositions where opinions
differed and there was no unanimity will be discussed in more detail.

M2: Additional phase before the implementation phase to check requirements in detail
(feasibility and quality)

The mitigation proposition M2 shows the highest standard deviation of 1.5 in the evaluation
results. The median has a value of 2.5, and the average rating is 2.92. 6 out of 12 respon-
dents (strongly) agree that M2 is a proposition that can mitigate challenges related to effort
estimation. Three respondents mentioned that there was such an additional phase before
the program officially started (PJM1, SolAr1, AC2). SolAr1 emphasizes that there was half a
year to discuss requirements in detail and therefore “be able to do a better effort estimation” and
strongly agrees that M2 is a proposition mitigating challenges in effort estimation. PMO1
states that such a phase, called the design and delivery phase, took place in a rather integrated
way, where the design and implementation phases overlapped, and therefore neither agrees
nor disagrees. Further, PMO1 warns that “if you spend too much time over talking about design
and not going forward, then you can also lose a lot of time in detailing things out. And once you
start implementing with a system integrator, they still don’t understand it because they were maybe
not part of the phase before.” In summary, three experts strongly disagreed that an additional
phase where requirements are discussed in detail helps mitigate challenges and obtain more
accurate estimates. They believe it does not lead to any further benefit and prefer to continue
planning at the highest level, focusing on development AC1, PO2, PO3.

M10: Measures to convince the team that effort estimation is a group/team activity

The results of the evaluation of M10 show an average of 2.67 and a median of 2.5, indicating
an average response between agree and neither agree nor disagree, with a slight tendency
towards the latter. Overall, 6 out of the 12 respondents at least agreed that taking measures to
convince teams that the estimation process is a group activity, independent of the experience
and knowledge of individual team members, would be helpful. While one person strongly
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disagreed and one disagreed, it was noticed during the analysis of the results that some
comments from the online survey indicated that the description of M10 was not entirely
clear. It is likely that measures were interpreted as measurements, which may have caused
misunderstandings. One such comment is:

"Everyone will be concentrated on estimated figures and not on development and will search
for any mitigation if the estimation is not met” (PO3)

However, PJM1 mentions that a possible measure could be that the Scrum Master could
remind the teams that the opinion of each team member is valuable for the estimation and
motivates the members who do not actively participate for reasons like too little experience
or knowledge.

M18: Tracking of actual efforts

During the analysis of the evaluation of mitigation proposition M18, opinions are divided
regarding tracking actual efforts. Overall, 50% of the respondents agree that this proposition
mitigates challenges in the context of effort estimation. According to SolAr1, the actual effort
can help to improve future estimates and agrees with this proposition. Additionally, SolAr1
expresses concern that tracking actuals at a too detailed level would be rejected by some team
members. These concerns are confirmed by those who voted against M18. On the one hand,
it is mentioned that it would mean too much additional overhead AC2, and tracking actuals
would lead to more discontent among employees ACI. On the other hand, actual efforts
do not reflect the reason for shifting requirements PJM1, PO3. The average response of all
respondents is 2.92, and the median is 2.5, indicating an average response of rather "neither
agree nor disagree" while the standard deviation is 1.08

M19: Use of supporting techniques during the estimation process

The results of the evaluation of M19 show a median of 3 and an average of 2.92, indicating an
average response of "neither agree nor disagree," with the distribution of response options of
"strongly agree," "agree," "disagree," and "strongly disagree" similar to that of M18. Concerns
about M19 being a proposition mitigating challenges by using techniques such as Planning
Poker to achieve more accurate estimates are expressed in the direction that Planning Poker
was used at the beginning, but it did not add any additional value AC1, AC2. However, why
such techniques could not add value differ, ACI suspects that the program setting does not
allow it, while AC2 believes that the lack of time is the biggest problem. Nevertheless, 42%
agree that applying techniques can mitigate challenges faced during the effort estimation. In
the context of the evaluation of challenge C15, subjectivity of estimates, PMO1 mentions:

"Mitigation is then to get more than one person thinking about an estimate and planning
poker, these kind of things and discussing in the team. To objectify [the subjectivity] a bit.”
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M20: Use T-Shirt size as an estimation unit to avoid difficulties to estimate in story points
and trust the team more

Among all mitigation propositions, M20 has the strongest tendency to the response option
"disagree" with an average of 3.25, a median of 3, and a standard deviation of 1.06. While
one-third of the respondents see T-Shirt size as a proposition that can mitigate challenges in
effort estimation, a quarter holds a different opinion. Among those who agreed, however,
one pointed out that while using T-Shirt size could simplify the estimation process for team
members, it would make tracking actual efforts more difficult (SolArI). Additionally, one who
agreed mentioned that using T-Shirt size instead of story points is particularly suitable in an
early phase, i.e., for higher-level estimates PMO1. PJM1 shares the same view, but disagrees
due to the imprecise nature of T-Shirt size, the additional work required to relate the respec-
tive estimates to budget resources, and the fact that everyone has a different understanding of
what, e.g., a T-Shirt size S means. On the other hand, SolAr2 notes that the T-Shirt size is very
similar to Story Points if they are not normalized, which somewhat weakens the concerns
about understanding what, for example, a t-shirt size S means.

As with the challenges, the experts were essentially in agreement, with a few minor exceptions
regarding the remaining mitigation proposals not discussed in detail above. A detailed
analysis of the quantitative results, more specifically, the distribution of the answers, is shown
in Appendix C.2.
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Neither
Strongly Agree nor
Agree Agree Disagree Disagree
(1) (2) (3 (4)

M1: Adding a buffer to estimations in case of uncertainty *

Mz: Additional phase before the implementation phase to
check requirements in detail (feasibility and quality)

M3: Cultivation of a dependency list

M4: Deep dive sessions and workshops to clarify
requirements and needed resources

Mj5: Early and continuous communication between all
levels: teams, workstreams, and program management

M6: Events to recap on learning and document those

M7: Guidelines and standard estimates for tasks uniform
across all teams

M8: Consider additional effort regarding organizational and
process factors during estimation

Mg: Include people with experience in estimating effort and
reacting to unforeseen in the estimation process

Mio: Measures to convinee the team that effort estimation
is a group,/team activity

M11: Normalization of story points (to person days)

M12: Plan requirements for an appropriate time frame to
improve the accuracy of estimates

M13: Platforms and meetings to identify and discuss
dependencies

M14: Reduce time tracking pressure for employees

M15: Support and motivation by scrum masters and agile
coaches

M16: Tool support to automate the estimation process
M17: Tool/feature to support the estimation process

M18: Tracking of actual efforts

M1g: Use of supporting techniques during the estimation
process

Mz20: Use T-Shirt size as an estimation unit to avoid
difficulties to estimate in story points and trust the team
more

M=21: Use agile metrics and store estimates for improvement
and future use
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Figure 6.2.: Evaluation Results of the identified Mitigation Propositions
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6.3. Adjustments based on Evaluation

As part of the evaluation, practitioners provided feedback and improvement suggestions.
These are incorporated into the artifact to refine it further, resulting in the final artifact of this
thesis (Version B), which can be found in Appendix D. As mentioned above, the feedback
and improvement suggestions from the three expert interviewees were more extensive than
those from the online surveys, which can be attributed to natural conversations taking place
during the interviews.

In the following, the adjustments to the artifact will be discussed.

During the analysis of the evaluation results, it was observed that incorporating the feedback
and improvement suggestions led to three different adjustments, which we divided into three
categories. The first category includes adjustments in which further challenges are assigned
to mitigation propositions not considered in the first version of the artifact. In some cases,
this new assignment leads to further changes in the description of the respective mitigation
proposition. These adjustments were assigned to the category adjustments to the challenges and
mitigation propositions. Adjustments that affect only the challenge or mitigation proposition
are assigned to the second and third categories.

Adjustments to the Challenges and Mitigation Propositions

In the feedback from practitioners, it was mentioned that the challenge project setting (C1)
was attempted to be mitigated in advance through an additional design phase before the
implementation phase, which is why we added C1 as a related challenge to the mitigation
proposition additional phase before implementation phase to check requirements in detail
(feasibility and quality) (M2). Additionally, it was observed that the challenge unclear
responsibilities (C3) can be mitigated by the proposition support and motivation by Scrum
Master and agile coaches (M15), according to the practitioners. By adding C3 as a related
challenge to M15, the description of M15 was adjusted with the following addition: Further,
provide a description of each role so that it is clear who is responsible for what. Another adjustment
we made is assigning the challenge adjustment of effort estimates (C20) to the mitigation
proposition tool/feature to support the estimation process (M17). It was mentioned multiple
times as an improvement suggestion to use two different tools for the operations of agile
activities and budget planning because the primary tool used in the case organization does
not provide sufficient support for agile activities. The lack of functionality often leads to
challenges such as the C20. Based on this adjustment, we added the following sentence to
the description of M17: Make sure to use sufficient tools for the agile activities. The last two
assignments we adjusted are the challenge difficulty to estimate additional overhead such as
meetings or explanations (C13) and the challenge unforeseen changes (C25) to the mitigation
proposition add an additional buffer to estimations in case of uncertainty (M1). In both
cases, feedback was received that attempts were made in the program to mitigate these
challenges by advising teams to add additional buffers in case of potential uncertainties
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affecting the estimates. All of these adjustments are in the final version of the artifact of this
thesis, which is shown in Appendix D.

Adjustments to the Challenges

Based on the feedback and improvement suggestions of the experts, changes have been made
to the descriptions of four challenges in total. During the evaluation of the challenge monitor-
ing of estimates and actual efforts (C7), several experts mentioned that not enough time is
spent on accurately breaking down the objects to be estimated, which makes monitoring of
actual efforts difficult. Therefore, we have adjusted the aspect “wrong granularity of estimation
objects” in the description to “the little time invested in the breakdown of estimation objects leading
to wrong granularity”. Regarding the challenge lack of team commitment (C9), practitioners
mentioned that even experienced team members often have different understandings of
what agile is, and this understanding often does not match the program’s ways of working.
Therefore, we added the following sentence to the description of C9: "Also, team members
with experience mostly have different understandings of what is agile, often not matching the specific
program’s way of working”. During the evaluation of the challenge lack of involvement of
experts in top-level estimations (C17), feedback from respondents indicated that the absence
of experts in top-level estimations did not necessarily lead to inaccurate initial estimates. But
it was mentioned that it increased the risk of inaccurate top-level estimates. Therefore, we
adjusted the aspect “leads to inaccurate initial estimates” in the description to “increases the risk of
inaccurate initial estimates”. During the evaluation of the challenge missing knowledge about
resources in terms of people involved in the implementation (C24), feedback indicated
that estimates should not be based on factors such as the availability or skills of people
involved in the implementation, but rather based on the complexity and scope of the object
to be estimated. However, in the case organization, story points were normalized to person
days, so estimates were based on such factors. Therefore, we adjusted the description of
C24 as follows: "As long as the estimation unit is based on person-days, a lack of knowledge about
the person(s) working on a requirement, their availability, as well as their skills in estimation makes
estimating difficult.” All of these adjustments are in the final version of the artifact of this
thesis, which is shown in Appendix D.

Adjustments to the Mitigation Propositions

Adjustments were made to the seven mitigation proposition based on the experts’ feedback
and improvement suggestions. During the evaluation, concerns were raised regarding the
mitigation proposition adding a buffer to estimation in case of uncertainty (M1). These
concerns relate to the risk that it may not be possible to trace which team has added a
buffer to their estimates and which has not. Furthermore, the amount of buffer added to
the respective estimates is not recognizable. To minimize this risk, we suggest adding the
following sentence to the description of the mitigation proposition M1: "Additionally, it would
be helpful to provide a standard or guideline that includes explanations of specific uncertainties, as well
as their magnitudes to be considered in estimation, to avoid inconsistencies between different teams”.
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In the mitigation proposition events to recap on learning and document those (M6), it was
noted that employees already have many meetings scheduled in their calendars. Experts
suggest that measures should be taken to keep the number of meetings to a minimum to
ensure enough time to work on implementing the items. Therefore, we add the following
sentence to the description of M6: "However, make sure that the number of meetings remains
reasonable so that the teams have enough time to implement their work”. Two adjustments were
made to the mitigation proposition including people with experience in estimating effort
and reacting to unforeseen events in the estimation process (M9), based on the feedback
from the experts. It was mentioned that involving external experts not part of the program is
often helpful to challenge the estimates and gain further insights. Therefore, we have added
the following sentence to the description of the mitigation proposition M9: “Further, it is
beneficial to involve experts not involved in the program to challenge the estimates and gain further
insight from them”. Additionally, it was mentioned that in the program, special efforts were
made to mitigate language barriers by involving people with the necessary technical and
business knowledge while also being fluent in both the native language of the company
and at least English. This is helpful to clarify any misunderstandings during estimation
due to language barriers and share a common understanding of the items. Therefore, we
added another sentence to the description of this mitigation proposition to address this issue:
"In case of language barriers, make sure to include people with the business/technological logic and
language skills to avoid misunderstandings and difficulties during estimation”. As mentioned in the
previous section, it is assumed that there has been a misinterpretation of the word "measure”
in the online survey for the mitigation proposition measures to convince the team that effort
estimation is a group/team activity (M10). This possible misinterpretation is due to the fact
that English is not the native language of all respondents. Since the meaning is correct in the
context of M10 and there is no other objection to the proposition, we have decided not to
make any adjustments in this regard. However, it should be noted that with "measures," we
do not mean measurements but actions that convince the team that the estimation process is
a group activity. During the evaluation of the mitigation proposition reduce time tracking
pressure for employees (M14), it was mentioned several times that employees generally
feel pressured to meet certain expectations from management within a specific time frame.
To generalize M14 and not just limit it to the topic of time tracking, especially since many
programs do not require tracking of work hours, both the name and description have been
adjusted as follows:

M14: Reduce pressure for employees

Reduce pressure for employees, e.g., by allocating more time for networking so that
they are more open to honest time recording or not setting management expectations
too high for teams to implement a certain amount of requirements per iteration (e.g.,
Sprint).

During the evaluation of the mitigation proposition tool support to automate the estimation
process (M16), concerns were raised that automating initial estimates for estimation objects
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can lead to teams adopting the initial estimates without discussing them, resulting in a lack
of shared understanding for each item. Therefore, it was decided to address these concerns in
the description of M16 by adding the following sentence: “In case of providing initial estimates,
try to avoid that teams adopt the initial estimates without discussing the requirements”. Apart from
the difficulty of tracking actual effort in such large programs, it was repeatedly expressed
during the evaluation of the mitigation proposition tracking of actual efforts (M18) that
there is a risk that teams may feel controlled and reject this metric as long as the program
leadership tracks it. Additionally, tracking actuals could lead to the problem of employees
manipulating the numbers to meet the management’s expectations. However, experts see the
potential of improving the estimation performance by tracking actuals as long as it is done
within the team. Therefore, the description of M18 was adjusted as follows: "Track the actual
effort to understand reasons for shifting requirements to the next iteration (e.g., Sprint) and
improve the estimation performance in future estimates (PM1, PMO1); In addition, using
accuracy metrics, such as actual effort, can improve the overall planning process, as well as
the development of common understanding [88]. Tracking actuals on a higher level, e.g.,
management level, may increase the risk of teams feeling controlled or pressured and thus
reject the tracking of actuals. Therefore consider tracking the actuals on a team level". The
last adjustment made to the artifact was an addition of a sentence to the description of the
mitigation proposition use T-shirt size as an estimation unit to avoid difficulties to estimate
in story points and trust the team more" (M20). During the evaluation, it was expressed that
T-shirt size is more suitable for high-level estimations rather than low-level estimations, as the
estimation with T-shirt size is too imprecise for effort estimates on the sprint level. Therefore,
the description of M20 was supplemented with the following sentence: “This is most useful for
high-level planning estimates”. All of these adjustments are in the final version of the artifact of
this thesis, which is shown in Appendix D.
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7.1. Key Findings

Effort estimation is performed on three different levels

In the case organization, we have observed that the effort estimation process is conducted at
three levels. The basis for the items to be estimated is derived from a so-called fit-to-standard
workshop, where the desired requirements are discussed and compiled together with the
customer. The initial estimation of these requirements takes place at the highest level before
the realization phase during the so-called Roadmap Planning. In this estimation, selected indi-
viduals provide rough estimates of the requirements, which are then documented. The entire
team then conducts the estimation process at the intermediate level before each three-month
iteration, the so-called Wave. Before estimating the requirements more accurately on the Wave
level, these are broken down into smaller parts, referred to as work packages. The estimation
of the work packages is based on the initial estimations of the respective requirements, which
are further refined and adjusted if necessary. At the lowest level, the entire team estimates
the work items before each four-week iteration, the so-called Sprint. The work items are the
result of breaking down the corresponding work packages. And again, the estimates of the
higher-level items, the work packages, serve as the basis for the estimates at the lowest level,
which are refined and adjusted further if necessary. The accuracy of the estimates increases
from level to level resulting in the work item level being estimated the most accurately. This
is because, at this point, the most information and a clearer understanding of how the items
will be implemented and realized are known.

Refinement meetings are used to adjust the estimates and prioritization

As mentioned above, it has been observed that the accuracy of the estimations, particularly
at the highest level, is initially not very high. The case organization does not consider this
to be critical, as refinement meetings are intended to be used to adjust the estimates at a
later stage in case of inaccuracy. The program leadership has mandated that these refinement
meetings are held at least once per Sprint, lasting 6 hours each. These meetings ensure that
the estimates become increasingly accurate and largely mitigate significant disadvantages,
such as project failure, resulting from inaccurate estimations. Over/underestimations are
not retrospectively adjusted for the initial estimates, but only for the currently estimated or
processed objects, i.e., the initial estimates on the requirement level are not adjusted accord-
ingly, but only those on the work package or work item level. Additionally, these meetings
ensured that changes are reacted to quickly, that influencing factors such as dependencies,
over/underestimation, and sudden events affecting the system are not neglected, and that the
Product Backlog is continuously adjusted. Such unforeseen or influencing factors may require
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adjusting the objects” prioritization order, which is also carried out during these refinement
meetings.

Often opinion leaders or highly skilled experts decide on the estimates instead the whole
team

In this thesis, it has been emphasized multiple times how important it is in the practice of
agile methodologies that the entire team is involved in the estimation process, regardless of
their technical knowledge and skills. However, in the case organization, it has been observed
that, in order to expedite the estimation process, either the high-skilled experts perform the
estimations without involving the team or take on the role of opinion leaders. Consequently,
estimations are often recorded based on their assessment without further discussion within
the team regarding the estimation objects. The purpose of the estimation process is to have
each object discussed in a way that everyone on the team understands, thereby avoiding
misunderstandings during implementation. Accelerating the process to ultimately document
an estimation of the estimation objects in the system can lead to more effort being expended
during implementation in order to resolve misunderstandings or even worse. Therefore, it
makes sense to invest the time at the beginning of each iteration to conduct the estimation
process with the entire team to ensure that everyone understands what will be implemented
in the next iteration and thus preemptively resolve misunderstandings. Moreover, such
an approach results in estimations not being objectified through multiple perspectives but
instead being based on one or two subjective assessments.

The granularity of the estimation objects is not done accurately

The results of the case study indicate that one of the most common challenges practitioners
face is the breaking down process of the respective estimation objects. During the initial
interviews, only one interviewee mentioned this challenge, but the results of the evaluation
show that all respondents either agree or strongly agree with this challenge. If the breakdown
of estimation objects is done in an inaccurate granularity, it leads to over/underestimations
or, in the worst case, requires the entire estimation object to be moved to the next iteration.
Shifting estimation objects necessitates an adjustment of the respective estimation and can
lead to further challenges, such as delays or inaccurate tracking of metrics, e.g., team velocity.
If an estimation object, such as a work item, is not yet in the processing phase and is moved
to the next iteration without being worked on, it does not pose a problem. Therefore, it is
worthwhile to invest time in the breakdown process and divide estimation objects into smaller
parts that can certainly be completed within one iteration, even considering unforeseen
circumstances.

Dependencies between teams/workstreams are difficult to manage and remain one of the
biggest challenges

As mentioned in the second chapter, dependencies between teams are one of the major
challenges in large-scale agile development. Therefore, it was unsurprising that this issue
would also pose a problem in effort estimation within the case organization. Seven partic-
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ipants identified dependencies on other teams/workstreams during the initial interviews
as a challenge. In the evaluation, 11 out of 12 respondents agreed or strongly agreed with
this challenge in the context of effort estimation. We observed that the case organization
had made great efforts to mitigate this problem by identifying dependencies during the
pre-implementation phase, maintaining a dependency list to document all dependencies, and
conducting meetings to address this issue. However, the varying opinions regarding whether
these measures successfully mitigate the problem of dependencies suggest that an optimal
strategy for managing and resolving this issue has not yet been found.

Unclear and incomplete functional descriptions of requirements lead to significant chal-
lenges in the estimation process

Another challenge that complicates accurate effort estimation is the presence of unclear and
incomplete functional descriptions of certain requirements. This challenge was mentioned
by approximately 50% of the interviewees during the initial interviews, and during the
evaluation, everyone agreed or even strongly agreed with this issue. When the description
of requirements is incomplete or unclear, teams are unsure about what exactly needs to
be implemented. Consequently, performing accurate estimations of these items become
challenging. To mitigate the challenge of weak functional descriptions, additional overhead
in the form of meetings or workshops is required to discuss the respective requirements,
ensuring that the teams understand what needs to be implemented. However, unforeseen and
additional overhead introduces further challenges in effort estimation, which can be avoided
in advance through precise documentation and description of each requirement.

Pressure and control by the management

One of the principles of agile approaches is the autonomy of teams and trusting them to
carry out the work in their way [35]. Especially in large projects involving multiple levels of
collaboration, a certain degree of control is required to ensure a frictionless project process
and achieve goals such as budget and time. In the evaluation, it was stated that finding the
ideal level of control where the teams do not feel controlled and pressured but management
can still perform their duties and track the project is a significant challenge. Unfortunately,
we observed that teams in the case organization do feel controlled and pressured to meet
management expectations. Accordingly, 11 out of 12 respondents agree or strongly agree that
pressure and control by the management pose a challenge within the program. It is argued
that this pressure particularly affects the accuracy of the estimations. As a result, inaccurate
estimations are often made to meet management’s expectations rather than reflecting reality.

Support and motivation by Scrum Masters and Agile Coaches is a good proposition to
mitigate challenges in effort estimation

A Scrum Master is responsible for supporting the organization and teams in implementing
agile activities in an agile project, regardless of size. Through the assistance and motivation
provided by the Scrum Masters/Agile Coaches, certain challenges during effort estimation
can be mitigated. The evaluation demonstrates that most respondents either agree or strongly
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agree with this statement. Overall, eight out of nine supporters strongly agreed that the
support could alleviate certain challenges and lead to more accurate estimations. These
findings within the case organization further reinforce the recommendation found in the
existing literature [52] to utilize Scrum Masters/Agile Coaches to mitigate challenges during
effort estimation. Mallidi et al. [52] suggest training programs to familiarize the team with
the agile way of working and empower the team in their self-organized nature, to be creative
and innovative, and to acknowledge their expertise.

The use of an appropriate tool can mitigate challenges in effort estimation

The selection of an appropriate tool for agile activities having features like Post-its or Scrum
Boards to support the estimation process can mitigate challenges. Ten out of 12 respondents
agreed or strongly agreed with this mitigation proposition. During the initial interviews, it
was also mentioned multiple times that the tool used within the program was not sufficiently
supportive of the estimation process. Some interviewees noted that the tool’s complexity and
inflexibility posed a challenge and that it would be better to separate the budgeting processes
from the pure agile activities using different tools for each operation. According to the evalu-
ation results, it was not unanimously observed that the tool posed a challenge. Nevertheless,
an appropriate tool that supports the estimation process and other agile activities appears to
be relevant and can help mitigate challenges faced by practitioners during effort estimation.

7.2. Limitations

This section discusses the quality of research in the context of this bachelor’s thesis and
the possible threat to validity. During the data collection and analysis, guidelines from Yin
[101] and Runeson and Host [71] have been applied to enhance research quality. Among
others, it is recommended to use multiple sources for data collection, which was realized in
this thesis through the use of first-degree data collected during semi-structured interviews
and third-degree data provided in the form of presentation slides, project documentation,
as well as internal wiki pages [71, 101]. Further, Yin [101], as well as Runeson and Host
[71], recommend maintaining a chain of evidence, which was implemented through coding
and analysis of the collected data using guidelines from Saldafia [72] and Miles et al. [53].
To ensure the reliability and authenticity of sources, only electronic sources in the form of
internal sources were used, as recommended by Yin [101]. In the following, the threat to
validity is discussed according to the classification of Runeson and Host [71], based on that of
Yin [101], classifying the validity in construct validity, internal validity, external validity, as
well as reliability.

Construct Validity

The aspect of construct validity reflects the extent to which the research truly represents what
the researcher has in mind and what is being investigated according to the research questions.
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According to Runeson and Host [71], construct validity is compromised, for example, when
researchers and interviewees do not interpret interview questions in the same way. Data
triangulation was employed to minimize the threat to construct validity by using various
sources for data collection and ensuring a chain of evidence through coding and analysis of
the data based on the guidelines of Saldafia [72] and Miles et al. [53]. Additionally, interview
participants were selected to have different roles in examining the research topic from multiple
perspectives. Further, if it was noticed during the interviews that interview questions were
being interpreted differently than intended, they were addressed and resolved during the
interviews improving the construct validity. This active response was unfortunately not
possible in the online surveys. Still, misunderstandings or misinterpretations were mitigated
by providing a detailed description of the data collection, how the respective challenges and
mitigation propositions were identified, and a description of the challenges and mitigation
propositions themselves.

Internal Validity

The aspect of internal validity concerns the investigation of causal relationships, i.e., when
certain factors influence the investigated factors, there is a risk that the investigated factors
may also be affected by other third factors. According to Runeson and Host [71], validity is at
risk, for example, when the researcher is unaware of the extent to which third factors influence
the investigated factors. In the context of effort estimation, it is difficult to identify causal
relationships as there are many confounding factors [95]. However, possible threats to internal
validity were minimized by applying data triangulation, i.e., factors mentioned in related
work were considered, and experts involved in effort estimation in the case organization
were consulted. In the qualitative part of the thesis, the semi-structured interviews, threats
to internal validity were mitigated by involving three researchers in designing the interview
questions and questionnaire (investigator triangulation) to reduce investigator bias. In
addition, interviewee bias was minimized by interviewing experts with different roles and
incorporating data from third-degree sources such as presentation slides and documentation
(data triangulation).

External Validity

The aspect of external validity deals with the extent to which the results can be generalized.
In this thesis, a case study was applied, and as a result, the findings are strongly bounded
to the context of this case study. Additionally, the case study is limited to a project within a
company in which all interviewees were involved. During the estimation process, especially
at the team level, the teams were able to create their way of estimating independently of
other teams. However, they were indirectly influenced by specific guidelines from program
leadership, such as the normalization of story points. It should also be noted that the project
is a large-scale agile standard software implementation project, not a typical large-scale agile
software development project. Nevertheless, we attempt to mitigate the potential threat of
external validity through a detailed description and presentation of the research context to
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make it easier to compare the current case with similar cases.

Reliability

The aspect of reliability deals with the extent to which data collection and analysis depend
on researchers. According to Runeson und Host [71], validity is at risk if, for example,
it is unclear how the data was coded or if the interview questions or questionnaires are
vague. Therefore, the study should ideally yield the same results if conducted by another
researcher. To mitigate this threat to reliability, the approach peer debriefing was used,
i.e., three researchers designed the interview questions based on the guidelines of Runeson
and Host [71] and then discussed with a company representative to minimize reliance on
any particular individual. The data analysis was conducted according to the guidelines of
Saldafia [72] and Miles et al. [53], which are documented in detail in Chapter 4 and are thus
comprehensible and repeatable for any researcher. In addition, the interview questionnaire
and the evaluation questionnaire can be found in Appendix B. However, it should be noted
that replicating this study could lead to different results, as the case study was only conducted
within one program where all levels work together and likely face the same problems. The
organizational structure, inter-team coordination, estimation methods, and many other factors
can significantly impact the results and may lead to different challenges.
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This chapter summarizes the answers to the respective research questions and provides an
outlook on future research in the context of challenges and mitigation propositions for effort
estimation in large-scale agile development.

8.1. Summary

In this section, the three research questions will be answered in summary:.

RQ1: How is effort estimation conducted in the case organization?

The collected data from the interviews at the case organization and documents such as
presentation slides were evaluated and analyzed, providing the information to answer the
first research question. The results showed that within the case organization, effort estimation
is carried out in three main events at different levels. At the highest level during the Roadmap
Planning event, a selected group of participants estimates the requirements roughly in IT
effort points. This group usually consists of the Product Manager, Product Owner, Subject
Matter Experts, and Solution Architects of the respective teams. This planning event takes
place on an annual basis, so once for each rollout company. At the intermediate level during
the Wave Planning event, the Scrum teams break these requirements into smaller units,
called work packages, and estimate them more accurately in Story Points. The Product
Owner of the team only participates in the estimation in a supporting role. The initial
estimates of each requirement serve as the basis for the estimates of the associated work
packages, which are adjusted if the initial estimation is too high or too low. Further, the
work packages are additionally estimated in value points by the Scrum team to simplify the
Backlog prioritization for the Product Owner. This planning event takes place every quarter,
so once at the beginning of each Wave. At the lowest level during the Sprint Planning event,
the already broken-down work items are estimated in story points by the Scrum team, with
the Product Owner again participating in a supporting role. Here, the estimation of the work
package serves as the basis for the estimates of the associated work items and is adjusted
in case of over- or underestimation. This planning event takes place on a monthly basis, so
once for each Sprint. The accuracy of the estimation increases with the available information
leading to the estimates at the work item level being the most accurate while those on the
requirement level are the roughest or least accurate. In addition to these planning events,
there are other events, such as the Wave Planning Presentation to identify dependencies or
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the Backlog Refinement, where estimation and prioritization are adjusted. Excel® is used to
document the Backlog, estimations, and prioritization, especially at the requirement level, as
well as a special tool provided by the software company for the purposes of such projects.

RQ2: What are challenges in effort estimation in scaling agile environments?

With the analysis of the collected data from the interviews, 25 challenges were identified
and then assigned to the four categories program setting, collaboration, expertise, and
uncertainties and information deficit. Eight challenges related to the program setting were
identified, with time restrictions (C2) being the most frequently mentioned challenge in
this category. Further, six challenges were assigned to the category collaboration, with
Considering dependencies to other teams, workstreams, and systems in the estimation
(C14) being the most frequently mentioned challenge. Additionally, six challenges were
identified as related to the category expertise, while five were identified as emerging due to
uncertainties and information deficits. Overall, the most frequently mentioned challenge by
far was unclear or incomplete specification of the requirements (C23), which was mentioned
by ten respondents and was assigned to the category uncertainties and information deficit.
Furthermore, 13 of these 25 challenges were categorized as typical challenges that arise
during effort estimation in large-scale agile development projects due to the agile values and
principles, using our expertise and existing literature in this context. The challenges project
setting (C1) and monitoring of estimations and actual efforts (C7) have been classified as
typical for standard software projects due to the characteristics of implementation projects. In
the results of the evaluation, it was observed that five challenges were almost unanimously
agreed upon or strongly agreed upon. These challenges are project setting (C1), pressure
and control by management (C4), considering dependencies to other teams, workstreams,
and systems in the estimation (C14), adjustment of effort estimates (C20), and unclear or
incomplete specification of the requirements (C23). The challenge that performed worst
in the evaluation is the challenge missing knowledge about resources in terms of people
involved in the implementation (C24). Experts did not exclusively disagree, but in total, five
(strongly) disagreed, while none strongly agreed. Based on the feedback and improvement
suggestions of the experts collected during the evaluation, adjustments have been made to
the descriptions of four challenges. Refining the respective descriptions only included small
adjustments to create more clarity which can be found in the final version of the artifact in
Appendix D.

RQ3: How can these challenges in effort estimation in scaling agile environments be
addressed?

The data used to answer the third research question came from the initial interviews and
existing literature in this context. A total of 21 mitigation propositions were identified, each
of which was associated with challenges that could be directly mitigated by these. Specifically,
only challenges that a particular proposition can mitigate have been considered, not the

Ohttps:/ /www.microsoft.com/de-de/microsoft-365/ excel
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challenges that can be mitigated by mitigating another challenge on which it depends. The
assignment of challenges to mitigation propositions was done through direct mention of
challenges during the interviews, existing literature, as well as our expertise and knowledge
in this field. The majority of all mentioned mitigation propositions during the interviews
were also found similarly in the existing literature. The mitigation proposition use agile
metrics and store estimates for improvement and future use (M21) was the only proposition
identified exclusively through the literature, i.e., none of the interviewees mentioned this
proposition during the interviews. 12 out of these 21 identified mitigation propositions were
classified as typical large-scale agile due to the agile values and principles. The evaluation did
not reveal a clear best mitigation proposition, as the ratings were mixed. However, for four out
of the 21 mitigation propositions, none of the experts disagreed or strongly disagreed. These
propositions were deep dive sessions and workshops to clarify requirements and needed
resources (M4), Guidelines and standard estimates for tasks uniform across all teams (M?7),
support and motivation by scrum masters and agile coaches (M15), and Tool/features to
support the estimation process (M17). Proposition use T-Shirt size as an estimation unit to
avoid difficulties to estimate in story points and trust the team more (M20) performed the
worst, with only three experts agreeing and four disagreeing or strongly disagreeing. Two
out of the three experts who agreed noted that the mitigation proposition is more suitable for
high-level estimates and less effective for estimations at a lower level, as they tend to be less
precise. Based on the feedback and improvement suggestions from the experts, adjustments
were made to seven mitigation propositions. In one out of the eight cases, adjustments were
made to the description and the name. Additionally, further allocations were made because,
based on the feedback, it was observed that additional challenges could be mitigated by
certain propositions that were not considered before. In total, five challenges were newly
assigned to four mitigation propositions. The refinements and adjustments can be looked up
in detail in the final version of the artifact in Appendix D.

8.2. Future Work

In this thesis, an artifact consisting of a collection of challenges and mitigation propositions in
the context of effort estimation in large-scale agile development was developed by implement-
ing one cycle of the Action Design Research approach. In conjunction with the Reflection and
Learning Phase, the improvement suggestions made during the evaluation were incorporated
into the artifact (final version in Appendix D). Due to time constraints, it was beyond the
scope of this bachelor’s thesis to apply the identified propositions in practice to mitigate
the emerging challenges. Therefore, further cycles of the Action Design Research approach
should be implemented in future work to refine the mitigation propositions. In addition, the
application of these mitigation propositions in practice should be investigated, and the results
should be confirmed or refuted by practical applications in other case organizations. Through
future investigation of the challenges and mitigation propositions in effort estimation in
large-scale agile development, it is possible to generalize our results and not limit them to the
case study conducted to collect the primary data in this thesis.
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Appendix A

A.1. Key Values and Principles behind the Agile Manifesto
Key Values
V1 | Individuals and interactions over processes and tools
V2 | Working software over comprehensive documentation
V3 | Customer collaboration over contract negotiation

V4

Responding to change over following a plan.

Note: The items on the left are valued more than those on the right

Table A.1.: Key Values of the Agile Manifesto [35]

Principles

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 efficient and effective method of conveying information to and within a develop-
ment 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 indefinitely.

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 reflects on how to become more effective, then tunes and
adjusts its behavior accordingly.

Table A.2.: Principles behind the Agile Manifesto [35]
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B.1. Questionnaire of Case Study Interviews
First Part: General Information

1.1. What is your role in large-scale agile IT projects (stakeholder)?

1.2. How long have you been working in agile IT projects?

1.3. How long have you been working in large-scale agile IT projects?

1.4. How long has your company been working with agile IT projects?

1.5. How long has your company been working with large-scale agile IT projects?

1.6. In which working unit(s) of the program are you involved? (e.g., work-stream)

1.7. Are we allowed to contact you again for further research? (e.g., for questions regarding the
given answers)

Second Part: Effort Estimation within the Program
Time and Scope
2.1. When is effort estimation performed?
a) In which planning events?
b) How often is effort estimation performed?
¢) For which time scope (sprint, iteration aka. wave)?

Involved Persons
2.2. Which stakeholders are involved in the effort estimation and how?
2.3. What is your role in the effort estimation?

Estimated Objects
2.4. How are the objects (requirements, work packages, work items, or tasks) broken down?
2.5. Which objects (requirements, work packages, work items, or tasks) are estimated?
2.6 Which units are used to estimate which object? And why are different units used? (e.g., Story
Points)
2.7. Is the classification of the objects relevant for their estimation? (e.g., Gap, Fit)

Techniques/Methods
2.8. Do you use specific techniques/methods for the effort estimation? (e.g., planning poker)

Changes/Adaptions
2.9. Do you adjust the effort estimation?
a) Why/ When?
b) How often?

Actual Effort
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2.10. Which role does the actual effort spent play?

Documentation and Monitoring
2.11. How are the effort estimations documented and communicated?
2.12. Are you using any tools for the documentation and monitoring of effort estimations?
2.13. Are these tools helpful in supporting the estimation process?
2.14. Are you using any metrics for monitoring efforts and the accuracy of estimations?

Challenges
2.15. Which challenges do you face when estimating?
2.16. How do you address these challenges?
2.17. Which actions can be (ideally) implemented to avoid these challenges?
2.18. Are there any other challenges you see regarding the overall estimation process of your
program?
2.19. How do you think these challenges could be approached?

Third Part: Discussion

3.1. How can research support effort estimation in the industry?
3.2. Do you want to add any further information, comment, or a topic that we missed?

B.2. Questionnaire of Evaluation Survey

First Part: General Information

1.1. What is your role in large-scale agile IT projects (stakeholder)?
1.2. How long have you been working in large-scale agile IT projects?

Second Part: The Challenges

Program Setting

All questions from 2.1 to 2.8 using a Likert scale asking respondents to choose between Strongly
Agree, Agree, Neither Agree nor Disagree, Disagree, and Strongly Disagree. Question 2.9 allowed
respondents to provide an answer in their own words.

2.1. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C1: Project setting
A fixed, large time frame requiring initial estimates and the tight linkage of estimates to the
budget limit the flexibility of the estimations and lead to inaccurate initial estimates

2.2. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C2: Time restrictions
The process of estimating effort and identifying dependencies is very time-consuming and
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anyway, time is limited

2.3. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C3: Unclear responsibilities
Lack of knowledge about the responsibility of a person, team, or workstream for specific
requirements

2.4. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C4: Pressure and control by management
Pressure and control by management, lead to inaccurate estimates to meet management’s ex-
pectations, and the feeling of being pressured to be faster than management’s original estimates

2.5. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C5: Lack of measures to improve estimations
Lack of measures to measure planned and actual efforts, resulting in less potential for improve-
ment in future estimates

2.6. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

Cé6: Inappropriate tool support
The complexity and inflexibility of SolMan, as well as the lack of functions that could support
the estimation process, make it difficult to perform, plan, and document estimates

2.7. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C7: Monitoring of estimations and actual efforts
Monitoring estimated and actual effort is difficult due to (a) the complexity and scale of the
program, (b) the lack of commitment to transparency, (c) the lack of backlog updates, and (d)
the incorrect granularity of the estimation objects

2.8. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C8: Difficulty to estimate in story points unit

Even when companies define a standard for story points, the definition changes from project to
project, resulting in teams struggling to understand them. In addition, teams in general often
find it difficult to estimate effort using relative quantities

2.9. Do you have any improvement suggestions or want to add anything regarding the identified
challenges? e.g., if you have not agreed to a challenge, briefly explain why.
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Collaboration

All questions from 2.10 to 2.15 using a Likert scale asking respondents to choose between Strongly
Agree, Agree, Neither Agree nor Disagree, Disagree, and Strongly Disagree. Question 2.16 allowed
respondents to provide an answer in their own words.

2.10. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C9: Lack of team commitment

Lack of team commitment in terms of (a) general resistance to the program’s way of working,
(b) need to convince new members that the program’s way of working is a good approach, (c)
team members not participating in estimation due to lack of knowledge/experience, and (d)
teams viewing the estimation process as overhead.

2.11. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C10: Lack of knowledge about contact partners in the beginning
In the beginning, there is a lack of knowledge about the contacts (e.g., experts) needed for effort
estimation

2.12. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C11: Efficient communication despite spatial distribution and language barriers
Language barriers make it difficult to correctly understand requirements and conduct the
estimation process in virtual meetings complicates the estimation process

2.13. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C12: Having a correct and common understanding of requirements needed for estimations

The lack of a common understanding of the quality criteria and the scope of the requirements,
as well as these themselves e.g., through language barriers between individuals, teams, and
working groups complicate the estimation

2.14. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C13: Difficulty to estimate additional overhead such as meetings and explanations
Difficulty in estimating the additional effort (e.g., for meetings, explanations) due to the size

and complexity of the program

2.15. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C14: Considering dependencies to other teams, workstreams, and systems in the estimation
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Dependencies on other teams, workflows, and systems make estimation difficult, especially
when there is a lack of knowledge about the dependencies

2.16. Do you have any improvement suggestions or want to add anything regarding the identified
challenges? e.g., if you have not agreed to a challenge, briefly explain why.

Expertise

All questions from 2.17 to 2.22 using a Likert scale asking respondents to choose between Strongly
Agree, Agree, Neither Agree nor Disagree, Disagree, and Strongly Disagree. Question 2.23 allowed
respondents to provide an answer in their own words.

2.17. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C15: Subjectivity of estimates
The estimates are based on subjective criteria such as the individual knowledge and experience
of the estimators

2.18. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C16: Lack of experts involved in estimates
During the estimation process, the participation of experts is required, but the unavailability or
absence of experts in the team complicates the estimation process

2.19. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C17: Lack of involvement of experts in top-level estimations and roadmap planning
Lack of involvement of experts with knowledge and experience in estimation at the highest
level Level (e.g., roadmap planning) leads to inaccurate initial estimates

2.20. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C18: Lack of knowledge and experience regarding effort estimation
Teams often lack experience and knowledge in effort estimation, making accurate estimation
difficult

2.21. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C19: Neglection of relevant factors when estimating

Management neglects relevant factors (e.g., dependencies in initial estimates and non-functional
requirements) and budget planning only takes the company code into account, but not the
complexity of the requirement and the associated effort

2.22. To what extent do you agree that the challenge below is a challenge in the context of effort
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estimation:

C20: Adjustment of effort estimates

Unfinished tasks must be moved as a whole to the next iteration (e.g., Wave, Sprint), i.e., the
effort already spent on the task is missing from the backlog of the previous iteration and the
estimate in the next iteration must be adjusted accordingly

2.23. Do you have any improvement suggestions or want to add anything regarding the identified
challenges? e.g., if you have not agreed to a challenge, briefly explain why.

Uncertainties and Information Deficit

All questions from 2.24 to 2.28 using a Likert scale asking respondents to choose between Strongly
Agree, Agree, Neither Agree nor Disagree, Disagree, and Strongly Disagree. Question 2.29 allowed
respondents to provide an answer in their own words.

2.24. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C21: Information deficit in the initial estimation of large, complex requirements
Information deficits about the requirement (especially at the beginning) due to size, dependen-
cies, and uncertainties

2.25. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C22: Information deficit regarding new requirements
Information deficit regarding new requirements ("greenfield requirements"), the implementation
of which is uncertain and for which no comparable requirements are available

2.26. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C23: Unclear or incomplete specification of the requirements
An unclear specification and a lack of information in the functional description of requirements
make it difficult to estimate

2.27. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C24: Missing knowledge about resources in terms of people involved in the implementation
Lack of knowledge about the people working on a requirement, their availability, and their
skills in estimating

2.28. To what extent do you agree that the challenge below is a challenge in the context of effort
estimation:

C25: Unforeseen changes
Unforeseen changes such as: (a) system or process related issues during implementation, (b) ad
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hoc requirements, (c) changes in timelines, or (d) individuals leaving the program

2.29. Do you have any improvement suggestions or want to add anything regarding the identified
challenges? e.g., if you have not agreed to a challenge, briefly explain why.

Third Part: The Mitigation Propositions

All questions in Part Three use a Likert scale in which respondents were asked to choose between
Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, and Strongly Disagree. In addition to
each question, there was an opportunity to add possible improvement suggestions in their own words
using a comment box.

3.1. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M1: Adding a buffer to estimations in case of uncertainty
Add a buffer for uncertainty to the estimation

3.2. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M2: Additional phase before the implementation phase to check requirements in detail
(feasibility and quality)

Additional pre-implementation design phase to discuss requirements at a detailed level; Litera-
ture also recommends a pre-implementation phase with the customer to increase the success of
the ERP implementation project [3].

3.3. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M3: Cultivation of a dependency list
Dependencies between teams, work streams, and systems, as well as the understanding of
requirements, should be listed in a dependency list.

3.4. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M4: Deep dive sessions and workshops to clarify requirements and needed resources
Additional meetings/workshops/deep-dive sessions to clarify understanding of requirements
and discuss resources needed (e.g., people involved in implementation). Literature advises
customers to participate in additional sessions to resolve ambiguities [6].

3.5. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M5: Early and continuous communication between all levels: teams, workstreams, and
program management
Early communication should take place between all levels to clarify understanding and actively
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ask program management for support/experts. This is also recommended by the literature [3, 7].

3.6. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

Meé: Events to recap on learning and document those

Events (e.g., Sprint Review) should be used to discuss what has been learned and to document
findings in order to improve in the next iteration(e.g., Sprint). This is also recommended in the
literature in the form of feedback sessions [15].

3.7. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M?7: Guidelines and standard estimates for tasks uniform across all teams

Provide guidelines and set a standard for components/tasks that are common to all teams (e.g.,
documentation, testing). The literature suggests defining standards for e.g., the complexity or
scope of a story to improve estimates [30].

3.8. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

MS8: Consider additional effort regarding organizational and process factors during estima-
tion

Organizational and process factors relevant to implementation should also be considered.
Overall, research recommends considering factors that influence the effort estimation process,
as well as non-functional requirements or testing effort [6, 30, 36, 52, 68].

3.9. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

MO9: Include people with experience in estimating effort and reacting to unforeseen in the
estimation process

Experienced individuals who know how to estimate, respond to unforeseen, and facilitate
the process efficiently should be part of the team and included in high-level estimation (e.g.,
roadmap planning). Similar advice is recommended in the literature [3, 7, 68, 88, 89, 90].

3.10. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M10: Measures to convince the team that effort estimation is a group/team activity
Measures to convince the team that effort estimation is a group activity, regardless of individual
skill levels.

3.11. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M11: Normalization of story points (to person days)
Normalize the Story Points size metric to person days to ensure that everyone has a reference

94



B. Appendix B

and understanding of the size metric. Ensure that there is a clear and standardized definition
of Story Points within the project [96].

3.12. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M12: Plan requirements for an appropriate time frame to improve the accuracy of estimates
Planning requirements in a reasonable time frame (e.g., not too far in advance). Nevertheless,
research recommends performing planning activities, such as effort estimates, with sufficient
lead time to identify certain factors, such as dependencies, at an early stage [7, 95].

3.13. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M13: Platforms and meetings to identify and discuss dependencies
Meetings and communication platforms to identify dependencies e.g., cross-team planning
workshops or unit-wide retrospectives [7, 95].

3.14. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M14: Reduce time tracking pressure for employees
Scheduling more time for employee networking so they are more receptive to honest time
tracking.

3.15. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M15: Support and motivation by scrum masters and agile coaches

Involve Scrum Masters and Agile Coaches to create an understanding of the importance of the
estimation process, keep the team motivated, and support the estimation process. Literature
recommends training programs for the teams [90].

3.16. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M16: Tool support to automate the estimation process

Use available data and tools to automate the estimation process to reduce time, complexity, and
incomparability and provide more transparency. Analogies with similar projects and providing
an initial estimate could also improve the process [15, 30].

3.17. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M17: Tool/feature to support the estimation process
Adding features (e.g., post-its, scrum boards) to the tool to support the estimation process.
Literature suggests features to visualize e.g., metrics or propose initial estimates [30, 52].
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3.18. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M18: Tracking of actual efforts

Tracking actual effort to understand the reasons for moving requirements to the next iteration
(e.g., sprint) and improve estimates in the future. Literature recommends using accuracy metrics
such as actual effort [30].

3.19. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M19: Use of supporting techniques during the estimation process

Use techniques (e.g., planning poker, spike stories) to improve estimation accuracy. Literature
recommends similar, as well as "silent grouping" [89] and emphasizes that techniques should
be selected based on project size and team experience [96].

3.20. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M20: Use T-Shirt size as an estimation unit to avoid difficulties to estimate in story points
and trust the team more

Use T-shirt size as the unit of measurement to avoid difficulty in estimation and to ensure the
team understands the unit of measurement. Research [96] suggests using a clearly defined,
objective size measurement to avoid story point misunderstandings and ensure everyone un-
derstands the unit of measurement.

3.21. To what extent do you agree that the mitigation proposition below is a proposition to mitigate
challenges in the context of effort estimation:

M21: Use agile metrics and store estimates for improvement and future use
Several researchers [30, 52, 88, 89] recommend the use of agile metrics, e.g., velocity, to better
predict uncertain estimates, and to store estimates to track and reflect estimation performance.
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C.1. Detailed Results of the Case Study

Experience in

Experience in

Alias Company Role agile software dev. agillasrf:t;sv‘;ilee dev. Dl&:i:;) n
(years)
(years)
Expert | Company | Expert | Company

Agile Coach and
SM1 SoftwareCo 6-10 6-10 6-10 6-10 0:39

Scrum Master
PIM1 SoftwareCo Project Manager 6-10 16 - 20 6-10 16 - 20 0:50
SolArl | SoftwareCo Solution Architect 3-5 16 - 20 3-5 16 - 20 0:45
Dev1 NetInfrCo Developer 1-2 6-10 1-2 3-5 0:45
PO1 NetInfrCo Product Owner 1-2 3-5 1-2 3-5 0:44
PO2 NetInfrCo Product Owner 3-5 6-10 3-5 6- 10 0:31
PM1 SoftwareCo Product Manager 6-10 6-10 3-5 6-10 0:44
PMO1 | ConsultCo PMO 11-15 11-15 6-10 11-15 0:40
PO3 NetInfrCo Product Owner 6-10 6-10 6-10 6-10 0:38
Dev2 NetInfrCo Developer 3-5 3-5 3-5 3-5 0:27
SM2 NetInfrCo Scrum Master 6-10 6-10 3-5 6-10 0:29
BC1 NetInfrSubCo | Business Contact 1-2 > 20 1-2 > 20 0:48
SolAr2 | SoftwareCo Solution Architect 3-5 > 20 3-5 > 20 0:43
PMO2 | ConsultCo PMO 6-10 > 20 6-10 11-15 0:38
SolAr3 | SoftwareCo Solution Architect 11-15 11-15 6-10 6-10 0:47
PM2 | NetlnfrCo Product Managerand | ¢ 15 | 619 | 6-10 | 6-10 0:47

Product Owner

Business Process Expert,
BPE1 NetInfrCo Test Coordinator, and 3-5 6-10 3-5 6-10 0:47

Training Coordinator
SolAr4 | NetInfrCo Solution Architect 6-10 3-5 6-10 3-5 0:45
PM3 NetInfrCo Product Manager 3-5 6-10 3-5 6-10 0:45
SM3 NetInfrCo Scrum Master 6-10 6-10 6-10 6-10 0:45

Note: The interview participants SolAr3, PM2, and BPE1 took part in a group interview and
the interview participants SolAr4, PM3, and SM3 took part in a group interview

Table C.1.: Overview of the interview participants and the companies

97




C. Appendix C

C.2. Detailed Results of the Evaluation

The Challenges

Strongly
Agree (1)
C1 4

C2
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C4
C5
Co6
C7
C8
C9
C10
C11
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C13
C14
C15
Cl6
C17
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Neither Agree
nor Diagree (3)
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Strongly
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Table C.2.: Overview of the quantitative evaluation results (per answer option for each chal-
lenge)
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The Mitigation Propositions

Strongly
Agree (1)
M1 3

M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15
M16
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M19
M20
M21

Neither Agree
nor Diagree (3)
1

Strongly
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2
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Table C.3.: Overview of the quantitative evaluation results (per answer option for each mitiga-
tion proposition)
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D.1. Adjustments to the Challenges

D |

Name

Description

CL

Interviewees

Program Setting

C1

Project setting

A fixed, large time frame requiring ini-
tial estimates and the tight tying of esti-
mates to the budget limit the flexibility
of estimations and lead to inaccurate
initial estimates

SS

PJM1, Devl, Dev2,
SM2, SolAr2, SM3

C2

Time restrictions

There is a lack of time for estimating
requirements, but the process of esti-
mating effort and identifying depen-
dencies is very time-consuming

LSAD

PIM1, PM1, PQOS3,
SM2, BC1, SolAr2,
PM2

C3

Unclear
bilities

responsi-

Lack of knowledge about the respon-
sibility in terms of person, team, or
workstream for certain requirements
makes effort estimation difficult

PO2

C4

Pressure and
control by manage-
ment

Pressure and control from manage-
ment, resulting in inaccurate estimates
to meet management expectations and
feeling pressured to be faster than man-
agement’s original estimates

SM1, SolAr1l

G5

Lack of measures
to improve estima-
tions

Lack of measures/metrics that mea-
sure planned and actual efforts result-
ing in less potential for improvement
in future estimates

Dev2

Cé

Inappropriate tool
support

The complexity and inflexibility of the
tool, as well as the lack of features
that could support the estimation pro-
cess, makes the requirement break-
down process, planning, and docu-
menting of estimates difficult

LSAD

PM1, PO3, SolAr2
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Cc7

Monitoring of esti-
mations and actual
efforts

The monitoring of estimates and actual
effort is difficult due to the complexity
and size of the program, the lack of
commitment to transparency, the lack
of keeping the backlog updated, and
the little time invested in the break-
down of the objects leading to wrong
granularity

LSAD,
SS

SM1, PMO1, PMO2

C8

es-
story

Difficulty to
timate in
points unit

Even if companies define a standard
for story points, the definition can
change from project to project lead-
ing to teams having difficulties under-
standing them. Further, teams often
find it difficult to use relative size met-
rics to estimate effort

LSAD

PJM1, SolAr1

Collaboration

C9

Lack of team com-
mitment

Lack of team commitment in terms of
the general resistance to the program’s
way of working and the necessity to
convince new members that the pro-
gram’s way of working is a good ap-
proach. Further, team members not
participating in the estimation due to
the lack of knowledge and experience,
as well as teams seeing the estimation
process as overhead. Also, team mem-
bers with experience mostly have dif-
ferent understandings of what agile
is, often not matching the specific pro-
gram’s way of working

LSAD

SM1, PjM1, PO2,
PO3, SM2

C10

Lack of knowledge
about contact part-
ners in the begin-
ning

At the beginning, there was a lack
of knowledge about contacts (e.g., ex-
perts) required for the effort estimation
process

PM1

C11

Efficient commu-
nication  despite
spatial distribution
and language
barriers

Language barriers hindering the cor-
rect understanding of requirements
and performing the estimation process
in virtual meetings makes estimating
difficult

LSAD

SM1, SolAr1, PO1

101




D. Appendix D

C12 | Having a correct | A correct and common understanding PO2, PM1, POg3,
and common un- | of the quality criteria and scope of the Dev2, PMO2
derstanding of re- | requirements, as well as the require-
quirements needed | ments themselves, is necessary for es-
for estimations timating the requirements. The lack

of this understanding or language bar-
riers between individuals, teams, and
workstreams complicating the under-
standing makes estimating difficult

C13 | Difficulty to esti- | Difficulty to estimate additional over- | LSAD | Devl
mate  additional | head (e.g., meetings, explanations) due
overhead such | to the size and complexity of the pro-
as meetings and | gram
explanations

C14 | Considering  de- | Dependencies to other teams, work- | LSAD | PJM1, SolArl,
pendencies to | streams, and systems make it difficult Devl, PO1, POB3,
other teams, work- | to estimate, especially when there is SolAr2, PM3
streams, and | a lack of knowledge regarding the de-
systems in the | pendencies
estimation

Expertise

C15 | Subjectivity of esti- | Estimates are based on subjective crite- SM1, PM1
mates ria such as the individual knowledge

of the estimators

C16 | Lack of experts in- | There is a need for expert involvement SolArl, PO1, PM1,
volved in estimates | during the estimation process, but the SolAr2

unavailability or absence of experts on
the team makes estimation difficult

C17 | Lack of involve- | Lack of involvement of experts with BC1
ment of experts | the knowledge and experience in top-
in top-level estima- | level estimation (e.g., roadmap plan-
tions ning) increases the risk of inaccurate

initial estimates

C18 | Lack of knowledge | Teams often lack experience and PjM1, PO1, PMl1,
and experience re- | knowledge regarding effort estimation, BC1, SolAr2
garding effort esti- | making accurate estimation difficult
mation

C19 | Neglection of rele- | Management neglects relevant factors | LSAD | SM1, Dev2, SolAr2

vant factors when
estimating

such as dependencies in initial esti-
mates or non-functional requirements.
In addition, during budget planning,
only the factor of the size of the orga-
nization’s structure is considered, but
not the complexity of the requirement
and the associated effort
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C20 | Adjustment of ef- | Unfinished items have to be moved | LSAD | SolAr2
fort estimates as a whole to the next iteration (e.g.,
Wave, Sprint), leading to the challenge
that the backlog of the previous itera-
tion is missing the effort already spent
on the item and the estimate has to be
adjusted in the next iteration
Uncertainties and Information Deficit
C21 | Information deficit | Information deficit regarding require- | LSAD, | Dev1, PO2, PMO2
in the initial estima- | ments (especially in the beginning) due | SS
tion of large, com- | to size, dependencies, and uncertainty
plex requirements | make estimating difficult
C22 | Information deficit | Information deficit regarding Devl
regarding new re- | new  requirements  ("Greenfield-
quirements Requirements") for which the im-
plementation is uncertain and no
comparable requirements are available
C23 | Unclear or incom- | Unclear specification and an informa- SM1, SolArl, PO1,
plete specification | tion deficit in the functional descrip- PMO1, SM2, So-
of the requirements | tion of a requirement makes estimating 1Ar2, PMO2, So-
difficult 1Ar3, SolAr4, PM3
C24 | Missing knowledge | As long as the estimation unit is based | LSAD | PO3, SolAr4
about resources in | on person-days, a lack of knowledge
terms of people in- | about the person(s) working on a re-
volved in the imple- | quirement, their availability, as well as
mentation their skills in estimation makes estimat-
ing difficult
C25 | Unforeseen Unforeseen changes in terms of sys- | LSAD | PO1, PO3, SM2,
changes tem or process-related problems dur- BC1, SolAr3, BPE1

ing implementation, ad-hoc require-
ments, changes in the timeline, or peo-
ple leaving the program make estimat-
ing difficult

Note: Challenges that are typical of agile or large-scale agile due to agile values and principles are
abbreviated with LSAD. Challenges that are typical of standard software implementation are abbreviated
with SS. The column in which the classification, whether typical LSAD or SS, is abbreviated with CL

Table D.1.: Adjusted Collection of Challenges in Effort Estimation
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D.2. Adjustments to the Mitigation Proposition

ID

Name

Related Challenge

Description

M1

Adding a buffer to
estimations in case
of uncertainty

C13, C21, C22, C23,
C25

Add bulffer for uncertainty to the estimation
(PMO2, PM2). Additionally, it would be helpful
to provide a standard or guideline that includes
explanations of specific uncertainties, as well as
their magnitudes to be considered in estimation,
to avoid inconsistencies between different teams
( PJMT¥).

M2

Additional phase
before the imple-
mentation phase to
check requirements
in detail (feasibility
and quality)

C1, C12, C14, C21,
C22,C23

Add an additional design phase before im-
plementation to check requirements on a de-
tailed level and the feasibility (SolArl); Sim-
ilar to the propositions of adding a design
phase, literature recommends conducting a pre-
implementation phase with the customer to in-
crease the success of the ERP implementation
project [90]

M3

Cultivation of a de-
pendency list

C12,C14

List all dependencies between teams, work-
streams, and systems and understandings of
the requirements in a dependency list (Dev1,
Dev2, PM3);

M4

Deep dive sessions
and  workshops
to clarify require-
ments and needed
resources

C2, C3, C12, C14,
C21, C22,C23,C24

Add additional meetings, workshops, or deep
dive sessions to clarify the understanding of
requirements and discuss resources needed in
terms of people involved for implementation
(PO1, PO2, PO3, Dev2, PM2); It would be ad-
visable to have the customer present in such
additional meetings to resolve ambiguities [96].
To reduce the number of additional meetings,
research [52, 90] mentions that daily stand-up
meetings could be sufficient to clarify an under-
standing of the requirements. Further, Tanveer
et al. [88] find that developing a common un-
derstanding, for which such meetings can be
constructive, is often more important than mak-
ing estimates.

M5

Early and contin-

uous communi-
cation between
all levels: teams,

workstreams, and
program manage-
ment

C1, C3, C10, C11,
C12, C14, C16, C18,
C21, C22,C23,C24

Foster communication in an early stage between
all levels to clarify understandings and actively
ask the program management for support and
experts (Devl, PO1, Dev2, PM3); Literature [6]
mentions that communication and collabora-
tion at all levels can help to address planning
time frames across all hierarchical levels. To
address the challenge of communication issues
and misunderstanding, a skilled and qualified
project manager could be helpful [90].
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Mé6 Events to recap on | C5, C8, C9, C18, | Use events (e.g., Sprint Review) to discuss
learning and docu- | C20 lessons learned and document findings to im-
ment those prove in the next iteration (e.g., Sprint) (BC1I).

However, make sure that the number of meet-
ings remains reasonable so that the teams have
enough time to implement their work ( AC2*);
This is also recommended in the literature in
terms of feedback sessions [3]

M7 Guidelines and | C2, C8, C12, C15, | Provide more guidance and establish a stan-
standard estimates | C18 dard for estimation components that are uni-
for tasks uniform form across all teams (e.g., documentation, test-
across all teams ing) (PM1, Dev2); Tanveer et al. [88] propose

to define standards, e.g., for the complexity or
story size to improve estimates

M8 | Consider ad- | C12,C19 Consider not only effort directly associated with
ditional effort the implementation but also from an organi-

regarding organiza-
tional and process
factors during
estimation

zational and process perspective such as com-
munication costs or resources needed for the
implementation during the estimation (PMO2);
In addition, the research [3, 88, 89, 96, 95] rec-
ommends considering factors that influence the
effort estimation process, such as the implemen-
tation experience of the developer, candidates
with a high degree of optimism, or the esti-
mation knowledge of team members. Further,
all development activities, including, e.g., non-
functional requirements that require significant
effort or testing effort, should be considered in
the estimates [96]
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M9

Include people
with experience in
estimating  effort
and reacting to
unforeseen in the
estimation process

C2, C8, C9, C11,
C12, C13, C16, C17,
C18, C22, C25

Include experienced people in the team who
know how to estimate, react to unforeseen, and
moderate the estimation efficiently and well and
involve experts in top-level estimations (e.g.,
roadmap planning) (Devl, PM1, PO3, BC1, So-
[Ar2). Further, it is beneficial to involve experts
not involved in the program to challenge the
estimates and gain further insight from them
( PMO1%). In case of language barriers, make
sure to include people with business/techno-
logical logic and language skills to avoid misun-
derstandings and difficulties during estimation
( PMO1%); literature suggests that all concerned
stakeholders should be involved in the effort es-
timation process [15, 90, 95] and all planning ac-
tivities should gather and incorporate feedback
from experts [6]. Especially the Scrum Master
should be involved in the effort estimation pro-
cess moderating the team and providing the rel-
evant information on new requirements [52]. In
case experts are not available, then Hill [36] pro-
poses to compare pending requirements with a
collection of already estimated requirements

M10

Measures to con-
vince the team that
effort estimation is
a group/team ac-
tivity

C9, C18

Introduce measures that convince the team that
effort estimation is a group activity regardless
the individual knowledge (PJM1);

M11

Normalization of
story points (to per-
son days)

C8, C9

Normalize the size metric story points to per-
son days to assure that everyone has a reference
and understanding to the size metric (PJM1);
Normalizing story points in person days is one
option to overcome difficulties when estimat-
ing in story points, but generally it should be
ensured that there is a clear and standardized
definition of story points within the project [30]

M12

Plan requirements
for an appropriate
time frame to im-
prove the accuracy
of estimates

C1, C20,C24

Plan requirements for an appropriate time
frame (e.g., not too far in advance) to improve
the accuracy of estimates (PO3, PM3); However,
research recommends to conduct planning ac-
tivities, such as effort estimation, with sufficient
lead time to identify certain factors, such as
dependencies, at an early stage [6, 7].

M13

Platforms and
meetings to iden-
tify and discuss
dependencies

C14, C19

Include meetings and communication platforms
to discuss and identify dependencies (PJM1,
SolAr1, Devl, SolAr2), e.g., cross-team planning
workshops or unit-wide retrospectives [7, 6]
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M14

Reduce pressure
for employees

C4

Reduce pressure for employees, e.g., by allocat-
ing more time for networking so that they are
more open to honest time recording (Dev1) or
not setting management expectations too high
for teams to implement a certain amount of
requirements per iteration (e.g., Sprint) ( AC1*)

M15

Support and mo-
tivation by scrum
masters and agile
coaches

C3, C8, O9, (11,
C13, C18, C20, C22,
C23,C25

Scrum Masters and Agile Coaches to underline
the importance of the estimation process, keep
the team motivated and support the estimation
process (PJM1, PMO1). Further, provide a de-
scription of each role so that it is clear who
is responsible for what ( PJM1*); Mallidi et
al. [52] recommend a training program for the
team to familiarize the team with the agile way
of working and the use of relative estimation
metrics, e.g., story points. In addition, it could
be helpful to empower the team in their self-
organized nature, to be creative and innovative,
and to acknowledge their expertise [52].

Mie

Tool support to au-
tomate the estima-
tion process

C2,C6,C7,C9, C13,
C14, C15, C18, C23

Use available data and tool support to auto-
mate the estimation process to reduce time,
complexity, and incomparability and provide
more transparency (SM1, SolAr1, PM1, PMO1);
In this case, it is essential that the tool is easy
to use and data is integrated in a proper way
[88]. Research [3, 88] mentions that analogies
with similar projects and providing initial es-
timates can also improve the process and esti-
mates. In the case of providing initial estimates,
try to avoid that teams adopt the initial esti-
mates without discussing the requirements (
PMO1%)

M17

Tool/feature to sup-
port the estimation
process

C2, C6, C7,C8, C9,
C11, C12, C14, C15,
C20

Add features (e.g., Post-its, Scrum Boards) to
the tool to support the estimation process (PM1).
Further, make sure to use appropriate tools for
agile activities ( SolAr2*, AC2*); By adding fea-
tures that visualize aspects from, e.g., impact
analysis or proposed estimates, the challenge of
subjectivity can be mitigated and the estimation
process, as well as risk management, can be
supported [88, 89]
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M18

Tracking of actual
efforts

C5,C7,C15

Track the actual effort to understand reasons
for shifting requirements to the next iteration
(e.g., Sprint) and improve the estimation per-
formance in future estimates (PM1, PMO1); In
addition, using accuracy metrics, such as actual
effort, can improve the overall planning process,
as well as the development of common under-
standing [88]. Tracking actuals on a higher level,
e.g., management level, may increase the risk of
teams feeling controlled or pressured and thus
reject the tracking of actuals ( SolAr2*, AC1¥).
Therefore consider tracking the actuals on a
team level

M19

Use of supporting
techniques during
the estimation pro-
cess

C2, C8, C9, C11,
C12, C15, C18, C21,
C22

Using techniques (e.g., Planning Poker, Spike
Stories) to improve estimate accuracy and ques-
tion their accuracy based on uncertainty and
understanding (SM1, Devl, PMO2); In this case,
the techniques should be selected based on the
project size and experience of the team [52].
Techniques like silent grouping will minimize
lengthy discussions, which in turn reduces the
time spent on estimating [68] or applying im-
pact analysis helping to identify the impact of
implementing a requirement on the existing
system can lead to an improvement of the esti-
mation process [88, 89]

M20

Use T-Shirt size
as an estimation
unit to avoid diffi-
culties to estimate
in story points
and trust the team
more

C4, C8, C9

Use the estimation unit T-Shirt size to prevent
difficulties in estimation, to assure that every-
one has a reference and understanding to the
size metric, and to give trust to the team (So-
[Ar1). This is most useful for high-level plan-
ning estimates ( PJM1*, PMO1*); Research [30]
proposes to use well defined, objective size mea-
surement to avoid misunderstanding of story
points and assure that everyone understanding
to the size metric [30]

M21

Use agile metrics
and store estimates
for improvement
and future use

C5, C7,C8, C9, C18,
C20, C21, C22, C25

Several researchers [15, 52, 88, 89] recommend
to use agile metrics, e.g., velocity, to record ac-
tivities for further use and predict uncertain
estimates better, as well as store estimates to
track, learn, and reflect the estimation perfor-
mance

Note: Mitigation propositions that are typical of agile or large-scale agile due to agile values and principles
are highlighted in bold; The experts marked with * are the experts from the evaluation

Table D.2.: Adjusted Collection of Mitigation Propositions to address the identified Challenges
in Effort Estimation
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