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Abstract

Although agile software development was originally designed for use in small, single-team
projects [1], the adoption of agile software development in large-scale projects has increased
over the last years [2]. Within the adoption of large-scale agile development, coordination
in multi-team environments, hierarchical management and organizational boundaries has
proven to be challenging [3]. With implementing agile at large organizations, also comes
the need to introduce software measurements into the development process. Software
measurement has been widely studied in traditional software development [4], and over
the last years also some literature reviews about agile and lean software development have
been performed [5], [6]. However, in a systematic mapping study about large-scale agile
software development, Uludat et al. [7] identified that so far, there is no research stream
about measurements in large-scale agile software development.
Since no systematic literature review about metrics in large-scale agile software development
has been performed, this master’s thesis aims to close this research gap. A systematic
literature review was conducted to identify goals and metrics in large-scale agile software
development as well as the challenges and success factors of introducing and using metrics.
With the search terms, 17042 publications were found. Out of those, 110 primary studies
about goals and metrics in large-scale agile software development were identified.
More than 80% of studies were published in conferences, and 33% of sources were experience
reports, indicating a lack of maturity. Furthermore, we found that most metrics are measured
on team and program levels. Even though multiple studies indicate the use of metrics at
the portfolio level, a lack of actually described metrics has been found. Furthermore, 21
challenges of using and implementing metrics in large-scale agile software development have
been identified that could be grouped into six categories. The most frequently mentioned
challenges were problems with data availability and data collection. Moreover, 22 success
factors grouped into ten categories were found. The most prominent success factors were
automated data collection, making metrics visible to everyone, and iteratively introducing
metrics.
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1. Introduction

This chapter starts by describing the motivation of this master’s thesis. Then the objectives
and research questions are described. Section 1.3 then describes the research approach that
was chosen to answer the research questions.

1.1. Motivation

Agile software development was introduced with the Agile Manifesto published in 2001
[8] and was developed to adapt to the volatile requirements of today’s economy. Over the
last years, agile software development methods like Scrum, Extreme Programming (XP),
or Kanban has become the most used software development methods [9]. Originally, agile
software development was designed for small, single-team projects [1]. Nonetheless, the
adoption of agile software development in large-scale projects has increased over the last
years [2]. Within the adoption of large-scale agile development, coordination in multi-team
environments, hierarchical management, and organizational boundaries has proven to be
challenging [3].
Software measurement has been widely studied in traditional, plan-based software de-
velopment [4]. Contrary to traditional software development approaches, agile software
development seeks value in delivering working software as the primary measure of progress
[8]. In a Scientific Literature Review (SLR) about the use of metrics in agile software develop-
ment Kupiainen et al. [5] identified that metrics are useful for sprint and project planning,
progress tracking, understanding and improving quality, fixing software process problems,
and motivating people. With implementing agile at large organizations, also comes the need to
introduce software measurements into the development process. In large organizations, agile
portfolio management is used to connect, and the strategy of operations with the portfolio of
products [10]. The quality of portfolio management can be influenced by program and project
reporting [11]. However, in a systematic mapping study about large-scale agile software
development, Uludat et al. [7] identified that no literature reviews about measurements in
large-scale agile software development have been conducted so far.
While measurements are effective for planning, progress tracking, or quality checking, there
are disadvantages of metrics that can occur when measurements are not aligned right or
misused [5]. Furthermore, the Version One 14th Annual Survey [12] found that fragmented
tooling and project-related data as a general challenge of large-scale agile transformations.
This master’s thesis is aimed to close this research gap and provide an overview of goals and
metrics in large-scale agile software development by performing a SLR. Furthermore, it aims
to provide an overview of the challenges and success factors of metric implementation and
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1. Introduction

usage.

1.2. Research questions

This master thesis aims to provide an overview of goals and metrics used in large-scale agile
software development. In particular, we are interested in providing an overview of metrics
and goals, and the challenges and success factors of metric usage and implementation. To
analyze those aspects, three research questions have been defined, which are described in the
following. Research questions 2 and 3 have been defined by following the example of Dikert
et al. [3].

Research Question 1: What are goals and metrics in large-scale agile software develop-
ment?

To answer this research question, multiple mappings have been conducted. First, metrics
were extracted from the primary studies. Equal metrics were combined and their frequency
of occurrence was calculated. To then provide a better overview about the metrics that are
used, a classification of the metrics according to Fenton and Pfleeger [13] was performed.
Furthermore, the hierarchical level at which the measurement was conducted was identified
for each metric. Furthermore, goals that were mentioned in primary studies were extracted.

Research Question 2: What challenges of using and implementing metrics in large-scale
agile software development have been reported?

To answer the second research question, challenges related to the use and introduction
of metrics in large-scale agile software development have been extracted. The extracted
challenges were then analyzed and clustered into categories. Furthermore, the frequency of
the challenge categories and their subcategories was calculated and visualized in a table.

Research Question 3: What success factors of using and implementing metrics in
large-scale agile software development have been reported?

Regarding the third research question, the approach was very similar to the method applied
to answer research question three. Success factors were extracted from primary studies,
analyzed, categorized, and their frequency of occurrence was calculated.

1.3. Research approach

This section provides an overview of the research approach applied in this master’s thesis.
To answer the research questions, a SLR approach was chosen. This approach was selected
because SLRs can be used to summarize existing evidence, identify gaps in current literature
and provide a background for new research activities [14]. Accordingly, this SLR aims to
give an overview of the goals and metrics used in large-scale agile software development,
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1. Introduction

as well as challenges and success factors of metric usage or implementation. Furthermore,
gaps in current literature regarding the use of KPIs in large-scale agile software development
shall be identified to provide an overview of future work. This SLR follows the guidelines
described by Kitchenham and Charters [15] and Zhang et al. [16] and is visualized in Figure
1.1. According to Kitchenham and Charters [15] there are three main phases when conducting
a SLR: planning the review, conducting the review, and reporting the review. During the
planning phase, the need for a review is identified, the research questions are defined, and
a search strategy is defined. In the review conduction phase, the search is performed, the
primary studies are selected due to inclusion and exclusion criteria, and data is extracted.
Then, the extracted data is synthesized. In the reporting phase, the results of the literature
review are presented. [15] In the following, the identification of the search strategy, the
identification of sources, and the data extraction process are described.

Identification and filtering of sources

In order to identify relevant publications about goals and metrics in large-scale agile software
development, a search strategy that maps to the research question defined in Section 1.2 has
to be defined. The search process started with deriving inclusion and exclusion criteria from
the research objectives. Then the search strategy was defined by following the example of
Zhang et al. [16]. The search process in this thesis consisted of two parts: the preliminary
search and the main search. By performing both a manual and an automated search within
the preliminary search, two objectives were aimed to be achieved. First, it should be assured
that no previously known relevant sources were lost. Second, the quality of the search strings
should be assessed and refined. This was done by using the preliminary search results
to assess the completeness of the automated search results. The automated main search
was performed on six databases (see Table 4.1). After the preliminary and main search
was performed, the results were merged. The filtering process started with the removal of
duplicates of publications between the two searches and the different databases. Afterward,
the inclusion and exclusion criteria were used to identify relevant sources by filtering by
meta-data, abstract and full-text. The full filtering process resulted in the identification of 110
primary studies.

3



1. Introduction

Figure 1.1.: Overview of the research approach
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1. Introduction

Data extraction and classification

After the 110 primary studies were identified, the data extraction process started. During
the data extraction process, 13 categories were extracted (see Table 4.2) into an Excel sheet.
In order to enhance the quality of the extracted data and classify the results, multiple
iterations of this process were performed. After all criteria were extracted, the findings were
synthesized into high-level categories. For the classification of criteria C1-C6, C8, and C10,
existing classification schemes were used. For the remaining data extraction categories, the
classification was performed in multiple iterations. The results were presented to a second
researcher in regular intervals, who then gave feedback about the performed mapping. After
all the conflicts were resolved, the data extraction process was completed.

Structure of the thesis

The remainder of this master’s thesis is structured as follows. Chapter 2 describes the
theoretical foundations of agile software development, large-scale agile development and
the theory behind software measurement. Chapter 3 gives an overview of related work
in software measurement in general as well as software measurement in agile software
development. In Chapter 4 the research methodology is thoroughly described. Chapter 5
describes the findings of the SLR. In Chapter 6 the key findings and limitations are discussed
and Chapter 7 concludes this master’s thesis with a summary and an outlook for future
work.
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2. Foundations

2.1. Agile software development

Agile software development has been introduced in contrast to the traditional, plan-based
development methods as waterfall development. Highsmith and Cockburn [17] defined it in
the following way:

"Agility, ultimately, is about creating and responding to change. What is new about agile
methods is not the practices they use but their recognition of people as the primary drivers
of project success, coupled with an intense focus on effectiveness and maneuverability.
This yields a new combination of values and principles that define an "agile" world view."

To better understand the context of agile software development, the agile manifesto and the
most often identified frameworks in the primary sources will be described.

2.1.1. The agile manifesto

Agile software development was founded with the agile manifesto in February 2001. The
Manifesto for Agile Software Development was created by 17 individuals, consisting of
representatives of extreme programming, Scrum, Crystal, Feature-Driven Development, and
other agile frameworks [8]. To discover better ways of building software, Beck et al. [8]
defined four core values of agile software development:

• "Individuals and interactions over processes and tools": The focus lies on close team
relationships.

• "Working software over comprehensive documentation": The team aims to deliver
working software in regular intervals while focusing on keeping the code simple and
only creating necessary documentation.

• "Customer collaboration over contract negotiation": Customer, users, management, and
teams should work together and collaborate to achieve a shared understanding and
respond to change instead of only focusing on the contract.

• "Responding to change over following a plan": Introducing a plan is good to achieve an
overview of a project but plans change, and those changes should be welcomed.

It is important to note that documentation, processes, contracts, and plans are still recog-
nized as important artifacts. However, the focus should lie on individuals, working software,
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2. Foundations

collaboration, and responding to change [18]. Apart from the four core values, Beck et al. [8]
also defined 12 principles of agile software development that can be found in Table 2.1. The
aim of agile software development, according to Cockburn and Williams [19] is embracing
change.

ID Principle

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

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

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

4. Business people and developers must work together daily throughout the project.
5. Build projects around motivated individuals. Give them the environment and

support they need, and trust them to get the job done.
6. The most efficient and effective method of conveying information to and within a

development team is face-to-face conversation.
7. Working software is the primary measure of progress.
8. Agile processes promote sustainable development. The sponsors, developers, and

users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
10. Simplicity–the art of maximizing the amount of work not done–is essential.
11. The best architectures, requirements, and designs emerge from self-organizing

teams.
12. At regular intervals, the team reflects on how to become more effective, then tunes

and adjusts its behavior accordingly.

Table 2.1.: Principles behind the Agile Manifesto by Beck et al. [8]

2.1.2. Extreme Programming

Extreme programming has been developed to overcome the problems of the "traditional",
plan-based software development methods, and its practices are by no means new [20].
Rather extreme programming is a combination of multiple practices that have been defined
in multiple frameworks so far [20], forming a set of practices and a process that needs to be
followed. Those practices are described in Table 2.2. As described by Beck [21], the extreme
programming process is comprised of six steps: exploration, planning, iterations to release,
productionizing, maintenance, and death. In the exploration phase, user stories that should
be included in the release are created. Furthermore, developers familiarize themselves with
the technology and the architecture of the technology and practices. During the planning
phase, the user stories that should be developed in the next small release are estimated and
prioritized. After planning, multiple iterations are performed to deliver the release. In the
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2. Foundations

first iteration, the system architecture is built to be able to deliver a working system after
each iteration. At the end of each iteration, which should take between one to four weeks,
functional tests created by the customer are run. In the productionizing phase, the release
is tested by the customer and wanted changes to the system are documented. After the
system is released to the customer, the project enters the maintenance phase. The product has
to be kept running while new releases are developed. After all customer requirements are
developed, and all releases are integrated, the final documentation is written and handed off
to the customer. [21]

Practice Description

Planning game There is a collaboration between customers and developers. While the
developers estimate the user stories, customers use those to decide
about the scope and the timing of releases.

Small releases The system is developed within a few months, and new releases are
frequently produced

Metaphor The system is defined by a metaphor or a set of metaphors that are
shared between customer and developer.

Simple design The aim is to design the most straightforward solution possible, there-
fore reducing duplicated code and complexity.

Tests Test-driven software development is used. Unit tests that developers
write, and functional tests written by customers, are executed continu-
ously.

Refactoring The system is constantly being refactored by removing duplicates,
simplifying, and improving communication

Pair program-
ming

All code is written by two people at one computer

Continuous inte-
gration

New code is continuously integrated with the current system. When
the system is built, all existing tests must pass. Otherwise, all changes
will be discarded.

Collective owner-
ship

Anyone can change and improve every part of the system at any time

On-site customer The customer is present at the team site at all times.
40-hour week Two consecutive weeks of overtime should not occur and are treated as

a deeper problem in the process that should be addressed.
Open workspace Teams work in a large room with small cubicles. Pair programming

spaces are set up in the center of the room.
Just rules Each team member has to adhere to the same rules. But teams can

decide to change the rules if a shared agreement has been reached and
the effects of the change were assessed

Table 2.2.: Practices of extreme programming as defined by Beck [20]

8



2. Foundations

2.1.3. Scrum

The term Scrum was first mentioned by Takeuchi and Nonaka [22] who described a new
product development process. Instead of the old, sequential approaches, they argued that
Scrum, "a holistic or "rugby" approach-where a team tries to go the distance as a unit, passing
the ball back and forth may better serve today’s competitive requirements" [22]. Scrum is
a framework that describes a set of best practices collected from industry, not just a simple
development process with predefined steps [23]. Schwaber [24] divides the Scrum process
into three phases: pregame, development, and postgame. During the pregame phase, two
steps are performed. The release is planned by estimating the schedule and the system
architecture is designed. During the game phase the actual development of new functionality
is performed in iterative sprints. In the postgame phase the product is then prepared for
release by finishing the documentation and final testing. [24]

Roles

Within Scrum, the management tasks are divided into three roles: the Scrum Master, the
Product Owner, and the team [25]. The Product Owner represents the interests of the
stakeholders in the project and is responsible for creating requirements in cooperation with
the customer. He is responsible for prioritizing the product backlog, a list of all requirements,
to ensure that the most valuable requirements are developed first. The teams’ task is to
develop functionality in a self-organized manner. They manage the development of the
backlog items within an iteration to deliver working software. The Scrum Masters task is
to remove obstacles in the implementation of the Scrum process by teaching the Scrum to
project members and aligning it with the organization. [25]

Artifacts

Three new artifacts are described in the scrum process: the product backlog, the sprint
backlog, and the burndown chart [25]. The product backlog contains all requirements of a
product. These requirements are put into the backlog by the Product Owner in the form
of Product Backlog Item (PBI)s. For each PBI, the initial time estimate, adjusted estimate,
and the remaining work are recorded. The Product Backlog is not fixed. Rather it evolves
throughout the project as the product evolves. [25]
The amount of remaining work across time within a product is visualized with a burndown
chart [25]. Within a burndown chart, the remaining workdays are visualized on the y-axis,
while the x-axis shows a timeline. The resulting trend line allows predicting the influence of
added or changed PBIs in terms of the predicted completion of the project. [25]
The Sprint Backlog includes all PBIs that a team agreed to implement of the product backlog
and is used to present a picture of the work that could be accomplished during a sprint [25].
These tasks are decided on and estimated in the sprint planning meeting. Within the Sprint
Backlog, tasks should not be estimated to take longer than 4 to 16 hours and can only be
changed by the team itself [25].
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2. Foundations

Process

The development process, as visualized in Figure 2.1, in Scrum is performed in sprints. At
the beginning of each sprint, which usually has a duration of 30 days, a sprint planning
meeting is performed. In this meeting, the Product Owner and the team members discuss
what will be implemented in the next iteration. The Product Owner hands the team the
prioritized product backlog, and the team decides how much effort they can deliver. All
backlog items that are estimated and agreed to be developed in the next sprint are put into
the sprint backlog. During the sprint, a daily Scrum meeting is held by the team. Here
each team member describes what he has done, what he is planning on doing, and what
impediments have occurred since the last daily Scrum meeting. The sprint review meeting
takes place at the end of each sprint. Here, the team presents the developed sprint backlog
items to the Product Owner and all other interested stakeholders. After the sprint review,
the Scrum Master performs the sprint retrospective with the team to identify issues with the
Scrum process and help the team to increase productivity and satisfaction. [25]

Figure 2.1.: Scrum process overview by Schwaber [25]

10



2. Foundations

2.1.4. Lean software development

The concept of "lean" was originally developed as an approach for the manufacturing industry
[26] and was later applied to the software development context by Poppendieck and Pop-
pendieck [27]. The seven Lean software development principles as described by Poppendieck
and Poppendieck [27] are:

1. Eliminate waste. Everything that does not create value for the customer is considered
waste and should be avoided.

2. Amplify learning. In order to continuously improve a software development environ-
ment, learning is necessary.

3. Decide as late as possible. This is necessary when decisions are made in the uncertain
context of the economic market.

4. Deliver as fast as possible. Developing in shorter cycles increases customer feedback
and gives the possibility to learn how to optimize the development process.

5. Empower the team. In Lean software development, teams work autonomously by using
a pull mechanism of work items that are developed.

6. Build integrity in. Software should be built with a focus on perceived integrity, concep-
tual integrity, and usefulness over time.

7. See the whole. It is important to try to maximize the overall performance. Therefore peo-
ple should not be measured on their specialized contribution to avoid sub-optimization.

Lean software development coincides very well with the principles stated in the agile mani-
festo as described in Table 2.1. The only difference that can be found between agile and Lean
is the focus on the seventh principle mentioned above: "See the whole" [27, 6].

2.2. Large Scale Agile Software Development

The agile software development methods described above were originally designed for small
projects performed by a single team [1]. Adopting agile software development in large-scale
settings has been proven challenging due to coordination challenges between teams, differing
approaches in multi-team settings, and hierarchical settings [3].

Definition of large-scale development

In the literature, there exist multiple definitions about when a project can be considered as
large-scale [28]. These definitions can be separated into four categories:

1. Number of people working on the project is used as an interpretation of large-scale in
many studies, with the number of people varying between 40 [29] and 300 people [30].
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2. Number of teams as a definition of large-scale also varies very much in size. Dikert et
al. [3] defined large-scale as at least six teams working on a project [3], while Dingsøyr
et al. [31] considered a project with two or more teams as large-scale.

3. Project size. A project was considered large-scale when it consists of more than 5 million
lines of code [32], or 60-80 features are developed in the scope of two years [33].

4. Project cost of more than 10 million GBP in combination with more than 50 team
members was used as a definition in a study of Berger et al. [34].

To develop a shared understanding Dingsøyr et al. [31] proposed a taxonomy of scale
for agile software development projects. As visible in Table 2.3, they divided agile projects
into three levels. When only one team is involved in the project, it is considered small-scale.
Large-scale projects have two to nine teams working on them, and when ten or more teams
are working on a project, it is considered very large-scale [31]. In combining the definitions of
Dingsøyr et al. [31], and Dikert et al. [3] we consider three or more collaborating teams or
more than 50 people working together on a project as large-scale. Furthermore, the application
of agile practices in companies as a whole [35] is also considered to be large-scale agile.

Level Number of
teams

Coordination approaches

Small-scale 1 Coordinating the team can be done using agile practices
such as daily meetings, common planning, review and
retrospective meetings.

Large-scale 2-9 Coordination of teams can be achieved in a new forum such
as a Scrum of Scrums forum.

Very large-
scale

10+ Several forums are needed for coordination, such as multi-
ple Scrum of Scrums.

Table 2.3.: Taxonomy of scale of agile software development projects by Dingsøyr et al. [31]

2.3. Software measurement

"You can not control what you can not measure" (De Marco, 1982)

Software measurement has been essential for understanding and evaluating the software
development process and the resulting products in order to track and improve their per-
formance [36]. Software measurement can be used for two different use cases: prediction
and assessment [37]. Predictive measurement can be used to achieve accurate estimations
by using past project data [37] or predict system reliability [38]. Measurement is the process
of assigning values to attributes or entities according to predefined rules [13]. Fenton and
Pfleeger [13] subdivide entities into three different parts: product, process, and resources.
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Attributes are measurable features or characteristics of the entities, like project cost or the
number of product defects. Each measure must be linked to a specific and understandable
measurement objective [13].

Software metrics have been widely studied and multiple literature reviews have been
conducted, which are further described in Chapter 3.

2.3.1. Measurement programs

When introducing measurement programs, software development organizations face the
problems of collecting too much or the wrong data or performing the wrong measurements
[39]. To overcome this challenge, multiple software measurement approaches have been
described in scientific literature. The most used measurement program in scientific research
GQM [4], and the GQM+ model will be described in the following section.

Goal-Question-Metric approach

Basili and Weiss [40] first introduced the Goal Question Metric (GQM) approach, which is
used to integrate goals into the measurement process to achieve purposeful measurement.
The GQM approach consists of three levels [41]:

1. Goal: On the conceptual level, a goal is defined for one of the three possible entities
products, processes, and resources.

2. Question: On the operational level, questions are derived from the goal that must be
answered to determine whether the goals have been met.

3. Metric: On the qualitative level, measures are defined to answer the questions identified
in the previous step.

As visualized in Figure 2.2, in the GQM multiple questions can be linked to one goal. Each
question is then linked to one or multiple metrics. Furthermore, one metric may be used to
answer multiple questions that are linked to multiple goals [41].

Figure 2.2.: GQM Approach by Basili et al. [41]

GQM+Strategies

In order to provide transparency of measurement goals at different organizational levels,
Basili et al. [39] have extended the GQM by defining the GQM+Strategies model. An overview
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of the GQM+Strategies by Basili et al. [39] is provided in Figure 2.3. The process starts at
the business level by defining a business goal and an corresponding strategy for achieving
this goal. Based on those strategic elements, the GQM approach described in the previous
section is applied. First, a measurement goal is defined. Then a set of questions is defined
that can be answered by the metrics. After all goals, questions, and metrics on the business
level are defined, the process is repeated at the software level and afterward at the project
level. The only difference when applying the process at the lower levels is that the software
or project goals are derived from the strategy and defined in the upper levels. [39] Basili
et al. [39] claim that introducing GQM+Strategies into the measurement programs results
in increased transparency of measurement goals at different organizational levels, improves
communication across levels, reduces the cost of measurement, and helps in building an
experience base.

Figure 2.3.: GQM+ Strategy by Basili et al.[39]
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This chapter describes related work about systematic literature reviews and systematic
mapping studies performed on the topic of measurement in traditional and agile software
development. The studies mentioned in this section were identified in the preliminary and
main search described in Chapter 4. This Chapter extends the foundations in Chapter 2. First,
related work in software development in general is presented, followed by literature reviews
and Systematic Mapping Study (SMS) performed on software measurement in agile and Lean
software development.

3.1. Software measurement

Software metrics have been widely studied and multiple literature reviews have been per-
formed so far in the traditional software development context [42].

Meidan et al. [4]

Meidan et al. [4] performed an extensive systematic mapping study to understand the
measurement of the software development process. Following the recommendations of
Kitchenham and Charters [15], they identified 462 primary studies. By analyzing publication
trends, Meidan et al. [4] identified an increasing interest in the research streams of monitoring
the development process to control and manage it, assessment and improvement, and
measurement concepts and practices. All measurements found in the literature were classified
into five different levels of abstraction: organization, process, process model, project, and
developer. Those abstraction levels were used to describe at which level the measurement
is conducted. Although project and process were found to be the most measured entities,
there is an increasing amount of measurements conducted at individual and team levels.
Furthermore, new attributes like team-climate and creativity have emerged. In their 462
primary studies, Meidan et al. [4], were able to identify 64 different measurement attributes
[13], out of which productivity was found to be the most measured one. Within the primary
studies, GQM and Capability Maturity Model Integration (CMMI) were found to be the most
used models. [4]

Kitchenham [42]

To identify trends in influential publications about software metrics, Kitchenham [42] per-
formed a preliminary mapping study. Using Scopus Kitchenham [42] identified the 25 most
cited papers between 2000 and 2005. Out of those studies, the research type, goal, and topic
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were extracted. Fault prediction (12 studies), re-engineering, error-prediction (10 studies),
and component-fault classification (8 studies) were the most cited goals stated in the primary
studies. Kitchenham [42] concluded that the most influential papers in software development
are journal publications, where data is evaluated empirically. [42]

Gómez et al. [43]

Gómez et al. [43] performed a systematic literature review to answer the questions of how to
measure, what to measure, and when to measure. By performing an automated search in
the databases ScienceDirect, ACM, IEEE, and Wiley, the authors identified 78 publications.
To answer the question of what to measure, the entities and attributes of the measures
were analyzed. The identified measures were grouped into the three entities process (9
percent), project (12 percent), and product (79 percent). Complexity (19 percent), size (16
percent), inheritance (8 percent), defects (7 percent), and structuredness (7 percent) were
the most measured attributes. Gómez et al. [43] furthermore classified the measures to
the waterfall life-cycle model to identify when measures are taken. They discovered that
most measures are used during the design phase (42 percent), followed by development (27
percent), maintenance (14 percent), testing (12 percent), and analysis (5 percent). [43]

3.2. Software measurement in agile software development

Kupiainen et al. [5]

Kupiainen et al. [5] present an SLR on metrics used in industrial agile software development.
By analyzing 30 publications, they provide an overview of reasons for using metrics and their
effects. For the implementation of the SLR, the recommendations of Kitchenham et al. [44]
were followed. The automated search was performed in Scopus. Overall, Kupiainen et al. [5]
were able to identify 102 metrics that could be grouped into five reasons for usage: sprint and
project planning, sprint and project progress tracking, understanding and improving quality,
fixing software process problems, and motivating people. Furthermore, they implemented a
mapping between the metrics and the agile software development principles categorized by
Patel et al. [45]. Effort estimate, defect count, and velocity were identified as high influence
metrics due to their number of occurrences. Customer satisfaction, technical debt, build
status, and progress as working code was identified as highly relevant in the primary studies.
Since they were not measured frequently, Kupiainen et al. [5] stated that those highly relevant
metrics should be investigated further. [5]

Feyh et al. [6]

Feyh et al. [6] performed a systematic mapping study to identify metrics in the context of
Lean software development. The study’s methodology followed the guidelines of Petersen et
al. [46] and Kitchenham and Charters [15]. In their mapping study, they were able to identify
27 publications dealing with metrics in lean software development or Kanban context. Feyh et
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al. [6] applied the ISO/IEC 15939 measurement information model for measurement program
planning [47] to group the measures into base measures, derived measures, and indicators.
Base measures quantify attributes, derived measures comprise multiple base measures, and
indicators are defined as measures that fulfill an information need [47]. Indicators can
combine multiple base measures and derived measures [47]. Overall, Feyh et al. [6] identified
22 base measures, 13 derived measures, and 14 indicators used in Lean software development
or Kanban. To give an overview of the reasons for the use of measures, they performed
a mapping between the measures and the seven lean software development principles as
defined by Poppendieck et al. [48]. Those principles are eliminating waste, building in quality,
creating knowledge, defer commitment, delivering fast, respecting people, and optimizing
the whole [27]. They identified a lack of measures for respecting people, creating knowledge,
and deferring commitment [6].

Ramirez et al. [49]

Ramirez et al. [49] performed a SMS to analyze how productivity is defined and measured in
the context of agile software development. They followed the research methodology defined
by Kitchenham et al. [50]. The metrics found in the 25 identified primary sources were
grouped into three categories: productivity metrics (including quality), productivity metrics
not including quality, and no metrics used. In their study, Ramirez et al. [49] found that less
than fifty percent of their studies are using metrics to measure performance. Furthermore, it
was found that performance is mostly measured by looking at effort spend for development
or the amount of delivered software. Quality measures were related to the number of defects
and the meantime to fix them. [49]

Shah et al. [51]

Another publication about productivity in agile software development was performed by
Shah et al. [51]. By performing a scoping study approach developed by Arksey and O’Malley
[52] they identified a gap in research regarding productivity measures used in agile software
development. Within 124 studies about productivity in agile software development, they
could only identify 12 studies where productivity is measured. Furthermore, Shah et al. [51]
argue that knowledge should be integrated with agile productivity metrics as agile software
development requires different competencies to be aggregated in a team effort. [51]

Kišš et al. [53]

Kišš et al. [53] performed a SLR to identify benefits, challenges, and metrics of agile-to-lean
transformations. The research was conducted after the guidelines developed by Kitchenham
and Charter [15]. Within their 18 primary sources, they were able to identify that lead time,
defect count, fix-time for defects, velocity, lines of code, story rate per iteration, and release
frequency are used to measure the performance of an agile-to-lean transformation. [53]
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Wnuk and Maddila [54]

In their systematic mapping literature review, Wnuk and Maddila [54] identified metrics in
agile and lean software development that are associated with requirements engineering. They
mapped each metric to one of two external attributes: quality or time. Quality metrics were
used to improve requirements, and process quality or cost and time-related metrics are related
to throughput or requirements flow. In their study, Wnuk and Maddila [54] found a lack of
metrics measured in the industry, that are not only proposed by research. Furthermore, no
metrics covering stakeholder or human aspects in requirements engineering were identified.
Therefore, Wnuk and Maddila [54] concluded that there is a need for more research towards
measuring requirements activities in agile and lean software development. [54]

Almeida et al. [55]

Almeida et al. [55] performed a systematic literature review to identify metrics for estimating
the effort and cost of software to apply them to the Brazilian public sector. They were able
to identify six metrics for estimating effort and cost within their 69 primary sources. The
complexity metric story points was the most common, followed by the functional metrics
function points, use case points, and COSMIC. The complexity measure velocity and the size
measure lines of code occurred the least often. [55]

Kurnia et al. [56]

The literature study of Kurnia et al. [56] discusses software metrics and their role in the
Scrum software development process by analyzing 13 primary sources. In connecting the
identified metrics to the scrum events sprint planning, daily scrum meeting, sprint review,
and sprint retrospective, they identified metrics for each scrum event. Furthermore, Kurnia et
al. [56] distinguished between the four measurement perspectives team, project, management,
and client. The team reliability measure velocity and story points, the measure of project, are
recommended for the sprint planning event. During daily sprint meetings, sprint and release
burndown charts can be used to monitor project progress. In the sprint review, customer
satisfaction and business value delivered are the leading indicators of success. Project success
from a management perspective is measured by earned value management during the sprint
retrospective, while a job satisfaction survey is performed on the team level. [56]

Mishra and Abdalhamid [57]

In a systematic mapping study, Mishra and Abdalhamid [57] reviewed 53 publications to
identify quality attributes and measures in Scrum-based software development. Their study
found process quality to be the most examined issue (45 percent), followed by project quality
and product quality with each 25 percent. Like employee satisfaction and motivation, people-
related quality issues were only investigated in four percent of the publications and represent
a gap in research. This is especially important due to the focus of agile software development
on individuals instead of processes and tools. [57]
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3.3. Conclusion over related work

While all nine publications described in Section 3.2 provide information about metrics in
the context of agile software development, the SLR of Kupiainen et al. [5] presents the only
study that investigates metrics usage over multiple agile frameworks, the whole development
context, and multiple measurement reasons. Feyh et al. [6] investigated metrics only in
Lean, and Kanban software development practices, and Kurnia et al. [56] and Mishra
and Abdalhamid [57] in the Scrum process. Ramirez et al [49] and Shah et al. [51] only
considered productivity measures, and Wnuk and Maddila [54] and Almeida et al. [55]
extract measurements related to requirements engineering. To our knowledge, no SLR about
metrics in large-scale agile software development has been published so far.
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This Chapter describes the methodology that was chosen for conducting this master’s thesis.
The steps to identify the relevant literature and extract the data are explained. This literature
review is performed according to the guidelines for performing systematic literature reviews
[15], and the recommendations of Zhang et al. [16].

4.1. Identification and filtering of sources

4.1.1. Definition of the search strategy

After the definition of research questions, explained in Chapter 1, the search strategy used
to answer the questions has to be defined [14]. For the definition of the search strategy, the
recommendations of Zhang et al. [16] were used. To design an effective search strategy,
Zhang et al [16]. propose the following four steps:

1. Which search approach should be used: automated or manual?

2. Which databases or venues should be searched and which part of the article should be
searched through search engines?

3. Which study types should be searched and what search strings should be used?

4. What time span is included in the search?

Search approach

Following Zhang et al. [16], the search approach chosen consisted of a mixture of manual
and automated search. First, a preliminary search was performed, which consisted of a
manual and an automated search. This was followed by the main, automated search. There
were two main reasons for using a preliminary search: (i) assuring that no papers from
highly relevant sources are missing by performing a manual search and (ii) assessing the
search strings’ quality by performing an automated search [16]. Similar to the approach
of Uludag et al. [7] the manual search was comprised of two steps: (i) search through
all proceedings of the International Conference on Agile Software Development and its
accompanying workshops and (ii) backward search in three secondary studies [3, 7, 5]. The
search was performed using dblp, a computer science bibliography. Within the manual search,
only publications from the International Agile Software Development Conference were looked
at. Other relevant sources were already covered through the automated search with the search
engines described in Table 4.1. The secondary papers by Uludat et al. [7] and Dikert et al. [3]
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were chosen since they both provided a good overview of publications in large-scale agile
software development. Therefore it was ensured that no publications in this field are missing.
To ensure completeness in the area of metrics in agile software development, a backward
search in the SLR of Kupiainen et al. [5] was performed. The automated search was then
performed to assess the quality of the search strings and improve their effectiveness. This
search was performed in SCOPUS, and the results were compared with the papers identified
by Kupiainen et al. [5], Uludat et al. [7] and Dikert et al. [3] to ensure completeness.

Identification of venues or databases

One important step in performing a literature review is identifying related venues and
databases that should be searched. To maximize the number of identified sources, databases
that are often used in scientific writing in agile and large-scale agile software development
have been chosen. The six databases chosen are listed in 4.1. Furthermore, it is necessary to
decide which parts of an article should be searched [16]. In the case of this master thesis, the
data to be searched include title, abstract, and keywords.

ID Search engine Link

DB1 Scopus https://www.scopus.com
DB2 IEEE Xplore Digital Library https://ieeexplore.ieee.org/Xplore/home.jsp
DB3 ACM Digital Library https://dl.acm.org/
DB4 Science Direct https://www.sciencedirect.com
DB5 Web of Science https://www.webofknowledge.com
DB6 Association for Information Sys-

tems (AIS) eLibrary
https://aisel.aisnet.org/

Table 4.1.: Search engines used

Identification of study types and search strings

To remove irrelevant or low-quality studies, subject and article type should be included in the
search strings [16]. The definition of the search string was performed in iterations. Firstly
different categories were defined (e.g., agile software development, metrics, goals). For each
of those categories, synonyms were identified. The categories and synonyms were then
combined with logical operators. In compliance with the respective syntax, the resulting
strings were then put into the databases (cf. Table 4.1).

Time span included in the search

The main automated search was carried out on December 21st, 2020, after the preliminary
search’s refinement process had been successfully completed. This date marked the upper
boundary of the period that was searched. The start of the search period was February 2001,
the creation date of the Agile Manifesto.
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4.1.2. Inclusion and exclusion criteria

In order to decide which publications to include in the literature review, inclusion and
exclusion criteria were defined. These are presented in Table 4.2. Criteria C1, C3, and C8 were
inspired by the systematic literature review of Kupiainen et al. [5] as this is a very relevant
related work on metrics in agile context (cf. Chapter 3).

Metrics in agile software development

In this SLR, only papers that described metrics or goals in the context of agile software
development were included. Following the example of Dikert et al. [3], publications with the
topic of agile manufacturing were excluded.

Industrial context

All studies identified in the filtering process have been mapped to one of the three types:

1. metrics used in industry,

2. metrics proposed by research and validated in industry,

3. and metrics proposed by research.

Within this SLR, only publications regarding metrics or goals in an industrial context have
been included. This was decided after the data extraction phase of this study due to the high
number of identified sources concerning agile software development metrics and will further
be explained in Section 4.1.7.

Metric information amount

Within this SLR, only publications that provide data about goals or metric usage or additional
information regarding metrics are included. This could be the description of challenges,
success factors, reasons for metric use, stakeholders, and advantages and disadvantages of
metrics or goals.

Language

Only publications written in the English language have been included in this SLR.

Publication Date

Only papers that have been published after the publication of the Agile Manifesto in February
2001 have been included. The upper boundary for the publications is January 2021.
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Publication Type

To obtain publications with scientific rigor and relevance to agile and large-scale agile software
development, only conference publications, journal publications, early access articles, and
experience reports were included. As not all databases described in 4.1 offered the option to
include filtering of research types in the search string, the filtering process has been performed
afterward. Within this filtering process, review articles, short communications, conference
reviews, book chapters or reviews, magazines, and newsletters have been excluded.

Access

Only publications that could be accessed in full text with the access rights by the Technical
University of Munich have been regarded for this SLR.

Quality

In order to ensure the overall quality of research, only papers that did not have severe issues
with grammar and vocabulary have been included.

4.1.3. Definition of search terms

The definition of search terms was performed in a structured manner. First, the topic was
divided into four groups: (i) agile software development, (ii) large-scale agile software
development, (iii) metrics, (iv) and goals. These were then connected with logical operators.
The resulting structure was:

(((Agile software development AND Large-scale development) OR Scaling agile frame-
works) OR Agile software development) AND (Metrics OR Goals)

The design of the search terms regarding agile and large-scale agile software development
was inspired by the systematic mapping study of Uludag et al. [7], who defined search terms
for the categories of agile software development, large-scale development, and scaling agile
frameworks. The set of agile software development search terms is connected with the large-
scale development set with an AND operator in the search string. The set of identified scaling
agile frameworks by Uludag et al. [58] (see Table 4.3) are then connected to the previous
sets with an OR operator. This then results in a set of large-scale agile software development
publications. As this SLR is also interested in metrics in agile software development, the
set of agile software development is connected with an OR operator to the previous sets as
well. To only retrieve publications concerning information about metrics or goals, these sets
have been combined with an OR connector and finally added with an AND operator to the
rest of the sets. For identifying search terms about metrics, the SLRs of Kupainen et al. [5]
and the other related work described in Chapter 3 were used [4] [6] [56] [42]. In order to
identify goals in large-scale agile software development, synonyms of the word "goal" were
identified, resulting in the set described in 4.4. The keywords for all sets were put in the title,
abstract, and keywords field in the search engines. The only exception being goals, which
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ID Criteria Inclusion criteria Exclusion criteria

C1 Metrics in agile
software develop-
ment

Papers that present metrics and
goals in an agile software devel-
opment context are included.

Studies that are related to agile
manufacturing are excluded.

C2 Industrial context Publications that present the use
of metrics in an industrial con-
text are included.

Publications, where metrics are
proposed by research and are
only validated in an industrial
context, are excluded.

C3 Metric informa-
tion amount

Papers that provide data about
metric usage and additional in-
formation regarding metrics are
included.

Papers that only mention met-
rics but do not provide any ad-
ditional information about their
usage, challenges, or success fac-
tors are excluded.

C4 Language Papers, written in the English
language, are included.

Articles that are not written in
the English language are ex-
cluded.

C5 Publication type Experience reports, conference
publications, journal publica-
tions, and early access articles
are included.

Papers that are published in the
form of abstracts, book chap-
ters, book and conference re-
views, grey literature, maga-
zines, newsletter, short commu-
nications, talks, technical reports,
and tutorials are excluded.

C6 Publication date Papers, published between
February 2001 and 20th of
January 2021, are included.

Papers that have been published
before February 2001 or after Jan-
uary 2021 are excluded.

C7 Access Publications that could be ac-
cessed in full text with the rights
provided by the Technical Uni-
versity of Munich are included.

Publications that could not be
accessed in full text by access
rights provided by the Techni-
cal University of Munich are ex-
cluded.

C8 Quality Publications with correct gram-
mar and vocabulary are in-
cluded.

Publications that have issues
with grammar and vocabulary,
that are therefore hard to under-
stand are excluded.

Table 4.2.: Inclusion and Exclusion criteria

were only searched for in the title or keywords part of the publications. This was done to
reduce the number of identified papers in the search, as abstracts include a description of
the research objectives, and therefore a lot of false results occurred. The main search was
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performed with the databases described in Table 4.1. As they all offered different syntax,
the search strings for DB1, DB2, DB3, DB5, and DB6 have been defined with the keywords
presented in Table 4.4. Those are shown in Appendix A.1. The search string for DB4, Science
Direct, is not mentioned here, as it only offers a graphical interface that only allows for eight
Boolean operators to be entered.

4.1.4. Overview of the preliminary and main search

In this section, the filtering process that was performed in the preliminary and main search is
described. The filtering process describes the approach from executing the search strings in
the database to identify relevant publications. Figure 4.1 gives an overview of the number of
papers identified in both, main and preliminary search and the resulting set of publications
after removing duplicates. The filtering process of the resulting set is visualized in Figure 4.2
and includes 110 primary studies.

4.1.5. Execution of the preliminary search

Within the preliminary search, two steps were performed: a manual and an automated
search. In the manual part of the search, 14 publications from the International Agile Software
Development Conference were identified as relevant by title. Furthermore, 65 papers were
identified by backward search in the studies by Uludag et al. [7], and Kupiainen et al. [5].
With the automated trial search conducted in the selected databases, 125 publications were
identified in total.

4.1.6. Execution of the main search

The execution of the main search identified 17042 publications in total. The main reason
for this large number of results lies in the usage of Scopus. Within this database, 8349
publications were identified. A further reduction of the results by filtering within the database
was not possible, as every filtering possibility led to the loss of relevant studies. Therefore,
the filtering process started with 17042 studies, which were reduced to 13455 after removing
duplicates. They were then merged with the set of the preliminary search, resulting in a set
of 1350 publications.

4.1.7. Filtering process performed

The filtering process was performed in six levels: duplicates, meta-data, abstract, full-text
access, full-text, and final decision as described in Table 4.5. The duplicate removal is
visualized in Figure 4.1, and the filtering process of the resulting publications is presented in
Figure 4.2. As a first step, duplicates found between databases and main and preliminary
search were excluded, resulting in 13462 papers. Then publications were classified as relevant
and irrelevant according to meta-data. Two researchers performed this step to ensure that no
relevant publications were excluded. In this step, 108 conflicts between researchers occurred,
which could be resolved, ending in 3162 sources. Due to the large number of publications

25



4. Methodology

Framework Methodologist Publication date

Crystal Family Alistair Cockburn 1992
Dynamic Systems Development Method
Agile Project Framework for Scrum

Arie van Bennekum 1994

Scrum-of-Scrums Jeff Sutherland and Ken
Schwaber

2001

Enterprise Scrum Mike Beedle 2002
Agile Software Solution Framework Asif Qumer and Brian

Henderson-Sellers
2007

Large Scale Scrum Craig Larman and Bas
Vodde

2008

Scaled Agile Framework Dean Leffingwell 2011
Disciplined Agile 2.0 Scrott Ambler 2012
Spotify Model Henrik Kniberg, Anders

Ivarsson, and Joakim
Sundén

2012

Mega Framework Rafael Maranzato, Marden
Neubert, and Paula Hecu-
lano

2012

Enterprise Agile Delivery and Agile Gov-
ernance Practice

Erik Marks 2012

Recipes for Agile Governance in the En-
terprise

Kevin Thompson 2013

Continuous Agile Framework Andy Singleton 2014
Scrum at Scale Jeff Sutherland and Alex

Brown
2014

Enterprise Transition Framework 2014
ScALeD Agile Lean Development Peter Beck, Markus Gärt-

ner, Christoph Mathis, Ste-
fan Roock and Andreas
Schliep

2014

eXponential Simple Continuous Au-
tonomous Learning Ecosystem

Peter Merel 2014

Lean Enterprise Agile Framework 2015
Nexus Ken Schwaber 2015
FAST Agile Ron Quartel 2015

Table 4.3.: Large-scale agile frameworks identified by Uludag et al. [58]
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Set Search term

Large-scale development large-scale OR scaling
Agile software development (agile OR agility OR extreme programming OR XP OR

feature driven development OR FDD OR scrum OR crystal
OR pair programming OR test-driven development OR
TDD OR leanness OR lean software development OR lean
development OR LSD) AND NOT manufacturing

Scaling agile frameworks Crystal Family OR Dynamic Systems Development Method
Agile Project Framework for Scrum OR Scrum-of-Scrums
OR Enterprise Scrum OR Agile Software Solution Frame-
work OR Large Scale Scrum OR Scaled Agile Framework
OR Disciplined Agile 2.0 OR Spotify Model OR Mega
Framework OR Enterprise Agile OR Delivery and Agile
Governance Practice OR Recipes for Agile Governance
in the Enterprise OR Continuous Agile Framework OR
Scrum at Scale OR Enterprise OR Transition Framework
OR ScALeD Agile Lean Development OR eXponential Sim-
ple Continuous Autonomous Learning Ecosystem OR Lean
Enterprise Agile OR Framework OR Nexus OR FAST Agile

Metric measur* OR metric OR diagnostic OR monitor* OR quan-
titative model OR indicator OR performance indicator OR
KPI OR reporting

Goal aim OR target OR object* OR goal

Table 4.4.: Keywords used in automated search
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Figure 4.1.: Number of publications identified in the primary and main search
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Figure 4.2.: Number of publications per filtering step
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filtering by abstract, full-text access and full-text were only performed by researcher one. To
support researcher one and ensure good quality decisions in the filtering process, random
samples of 50 publications were mapped by researcher two in regular intervals. Conflicts in
decisions about relevancy were then discussed and resolved, resulting in the final identification
of 675 publications. These publications were classified as relevant due to the Inclusion and
Exclusion criteria C1, C4 - C8 described in Table 4.2. The data extraction process, as described
in Section 4.2 was then performed on this set of sources. Due to the high number of identified
papers, the inclusion and exclusion criteria C2 and C3 were then defined, resulting in a final
set of 110 publications, listed in Table 4.1.

ID Filtering step Description

L1 Duplicate Duplicates occurred between databases and between
main and preliminary search were removed. This was
performed by hand in an Excel sheet, where all titles
were sorted by alphabet and duplicates were marked by
hand.

L2 Meta-data (title, keywords,
publication type)

Identify relevance according to the title, keywords, and
publication type

L3 Abstract Identify relevance according to abstract
L4 Full-text access Only papers, that could be accessed in full-text were

considered relevant
L5 Full-text Identify relevance according to the full text
L6 Final decision Identify relevance according to data extraction per-

formed

Table 4.5.: Overview of filtering steps

4.2. Data extraction

After the identification of studies with the main and preliminary search, the data extraction
process was conducted. Within the data extraction process, sixteen criteria have been created,
described in Table 4.6. The data extraction process was performed iteratively while excluding
publications step by step. The exact procedure is described in the following. Part of the data
extraction was performed on the set of 675 publications identified after full-text filtering.
This included the categories C1-C6. Due to the large number of publications found during
this literature review, only publications that describe the usage of metrics in the industry
are considered relevant. The 200 resulting studies were then used for data extraction of all
criteria described in Table 4.6. In the last iteration of the data extraction process, only papers
with a quality mapping of 2 or 3 in the goal or metric category (described in the subsection
C5: Quality of study regarding metrics and C6: Quality of study regarding goals) were
included. This resulted in 110 primary studies, with which another data extraction round was
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performed to classify the categories further and enhance the quality of the data extraction. In
the following, a description of each category is provided.

C1: Year

The year was extracted from the BibTex citation retrieved from google scholar.

C2 and C3: Publication channel and publication type

The publication channel of the studies has been extracted from the BibTex citation. This
information could be directly extracted, and only slight modifications were needed to cat-
egorize the publication channels. For conferences, the year of the conference as well as
the enumeration of the conference was removed. The identified publication channels were
analyzed and grouped into the three categories journal, conference, and workshop to retrieve
the publication types.

C4: Research approach

In order to identify the research approaches used, the classification scheme of Rodríguez et al.
[59] was used. The definition of the approaches action research, case study, industry report
(here referred to as experience report), mixed methods, and survey are presented in 4.7.

C5: Quality of study regarding metrics

This classification scheme was adapted from the systematic literature review of Kupiainen
et al. [5]. The publications were classified into quality levels ranging from -1 to 3, where -1
means no information about metrics and three refers to a good amount of relevant information
about metrics and metric use. The exact definition is described in Table 4.8.

C6: Quality of study regarding goals

Similar to the criteria C6, the quality of study regarding goals was classified as shown in Table
4.9. For the definition of this classification scheme, the quality classification of Kupiainen et
al. [5] was adapted to the context of goals.

C7: Organizational context

For each publication, the organizational context studied has been extracted by full-text
filtering. This includes the agile method, business area, organization size, year the agile
transformation has started, number of teams, and team size.
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ID Category Description

C1 Year The year the publication was published. This was extracted from
the BibTex citation in Google Scholar.

C2 Publication chan-
nel

The publication channel, where the study was published. This
was extracted from the BibTex citation in Google Scholar.

C3 Publication type The publication type was classified by mapping the publication
channels into categories.

C4 Research Ap-
proach

The research approach used in the papers was identified by
keywords, abstract and full-text. An already existing classification
scheme was used for this.

C5 Quality of study
regarding metrics

The quality of the study regarding metrics was mapped by read-
ing the full text. An already existing classification scheme was
used for this.

C6 Quality of study
regarding goals

The quality of the study regarding goals was mapped by read-
ing the full text. An already existing classification scheme was
adapted for this.

C7 Organizational
context

The organizational context from each publication was extracted.
This includes the time of introduction of agile methods, agile
framework used, organization size, company domain, number of
teams, and team size.

C8 Agile or large-
scale agile
software develop-
ment

For each publication, a mapping of whether this publication
describes agile or large-scale agile software development was
performed by reading through the full text.

C9 Metric All metrics mentioned in the publications were extracted. Classi-
fication of those metrics took place.

C10 Metric classifica-
tion

Each metric that was identified was mapped into the metric
classification according to Fenton and Pfleeger.

C11 Organizational
level measured

Each metric was mapped to the organizational level where it was
measured.

C12 Challenges in us-
ing metrics

Challenges of using metrics were extracted from full text both for
certain metrics and in general. The classification was performed.

C13 Success factors in
using metrics

Success factors of using metrics were extracted from full text
both for certain metrics and in general. The classification was
performed.

Table 4.6.: Overview of data extraction categories
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Research approach Description

Action research When the study explicitly states this research approach.
Case study If the study uses a case study to answer the research questions or a

theoretical concept is evaluated by application in a case study.
Experience report The study reports industrial experiences, mostly without mentioning

research questions or a research method.
Mixed methods If the study uses multiple data collection methods.
Survey The researchers conduct interviews or questionnaires to collect data. In

a survey study a representative population is used to generalize the
results.

Table 4.7.: Overview of research approaches as defined by Rodríguez et al. [59]

Quality level Description

-1 The study does not contain any information regarding metrics and
should already be excluded.

0 The study mentions that metrics are used but not which metrics
1 Only descriptions of metrics with no additional info are provided.
2 The study includes some useful information related to metrics.
3 The publication provides a good amount of relevant information re-

garding metrics and metric use.

Table 4.8.: Overview of the metrics quality mapping inspired by Kupiainen et al. [5]

Quality level Description

0 The study does not contain any information about goals.
1 Only a description of goals is provided, but no reason why they can

not be measured.
2 The study describes goals and also provides information about why

they are not measured with metrics

Table 4.9.: Overview of the goal quality mapping inspired by Kupiainen et al. [5]
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C8: Agile or large-scale agile software development

In order to identify differences in metrics and goals in agile or large-scale agile software
development, each study was classified as either agile or large-scale agile. As described in
Chapter 2, the large-scale agile definition of Uludag et al. [7] is used. A project is considered
large-scale when there are three or more collaborating teams or 70 or more collaborating
people.

C9: Metrics

All metrics mentioned in the publications were extracted. Since metrics that were calculated
similarly and were used for similar reasons were named differently in the studies, a classifica-
tion was performed. For example, "number of defects," "number of bugs," and "defect count"
were all grouped into the category "Number of defects" to reduce complexity.

C10: Metric classification

The metrics were classified by Fenton and Pfleeger’s [13] widely distributed classification
framework. As described in Section 2.3 measurement is the process of assigning values to
attributes or entities according to predefined rules. Entities can again be divided into three
parts, which are described in the following [13]:

• Processes are software-related activities that are usually associated with a timescale.

• Products are the results of process activities, e.g., artifacts, deliverables, or documents.

• Resources are entities that are required to perform the process.

All entities mentioned above are further subdivided into internal and external attributes.

• Internal attributes can be measured by examining the entity by itself without observing
its behavior. These attributes include measures like code size, complexity, or defects.

• External attributes can only be measured by looking at the entity’s behavior with its
environment. Regarding the above example, measures concerned with the behavior
of code are, e.g., the number of defects identified by the customer. Furthermore,
productivity is always considered to be an external measure of the resource people.
This is because productivity is dependent on many aspects of the process and product.
If productivity is measured in the form of Lines of code

Time needed for development , a process measure
(effort) is combined with a product measure (size).

Further examples of this classification for each entity and attribute are displayed in the
components of software measurement as defined by Fenton and Pfleeger [13] visualized in
Table 4.10.
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C11: Organizational level measured

Metrics were furthermore classified in a hierarchical structure. The level at which measure-
ments are conducted was divided into five levels, which are inspired by the Scaled Agile
Framework (SAFE) framework [60]. As SAFE is structured into three levels: team, program,
and portfolio, the need for two more levels were identified after data extraction. So the
individual level and the enterprise level were added. The exact definition of each level is
described below.

• Individual level describes measures that are related to one individual.

• Team level includes all measures that are conducted on the team level.

• On the program level multiple teams and stakeholders work together on a solution
[61].

• On the portfolio level decisions about multiple projects are made to optimize business
value flow. It is made sure, that the enterprise meets its strategic objectives [61].

• Enterprise level describes measurements that take the whole organization into account.

C12: Challenges of using and implementing metrics

The derivation of challenges followed the approach defined by Dikert et al. [3] and is described
in the following. Whenever a description of challenges or problems of metrics in general or
of a particular metric during usage or implementation was mentioned, the information was
extracted. After all challenges were extracted, all quotations of challenges were carefully read
and codes for challenges were defined. After a code category was assigned to each challenge,
these were analyzed and challenge categories were identified. In a final step each challenge
was then assigned to a challenge category.

C13: Success factors of using and implementing metrics

Whenever a primary study mentioned best-practices, success factors or advice on how to use
or implement measurements, the information was extracted. The coding and classification
of success factors was performed similarly to the process described during the extraction of
challenges.
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ENTITIES ATTRIBUTES

Products Internal External
Specifications size, reuse, modularity, redun-

dancy, functionality, syntactic,
correctness ,...

comprehensibility, maintainabil-
ity, ...

Designs size, reuse, modularity, coupling,
cohesiveness, functionality, ...

quality, complexity, maintainabil-
ity, ...

Code size, reuse, modularity, coupling,
functionality, algorithmic com-
plexity, control-flow structured-
ness. ...

reliability, usability, maintain-
ability, ...

Test data size, coverage level, ... quality, ...
... ... ...
Processes
Constructing
specification

time, effort, number of require-
ment changes, ...

quality, cost, stability, ...

Detailed design time, effort, number of specifica-
tion faults found, ...

cost, cost effectiveness, ...

Testing time, effort, number of coding
faults found, ...

cost, cost-effectiveness, stability,
...

... ... ...
Resources
Personnel age, price, ... productivity, experience, intelli-

gence, ...
Teams size, communication level, struc-

turedness, ...
productivity, quality, ...

Software price, size, ... usability, reliability, ...
Hardware price, speed, memory size, ... reliability, ...
Offices size, temperature, light, ... comfort, quality, ...
... ... ...

Table 4.10.: Components of software measurement as defined by Fenton and Pfleeger [13]
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5.1. Overview of the primary studies

This Section provides an overview of the 110 primary studies.

Study distribution

To give an overview of the popularity of the research area of metrics in large-scale agile
software development, the year of the publications was collected. The number of publications
identified per year is visualized in Figure 5.1. All primary sources have been published
between 2001 and 2021. Overall, an increase in the number of publications can be seen in
Figure 5.1. The minimum number of published studies can be found between 2001 and 2004,
with only one study per year. The maximum number of publications per year was found to
be in 2019, with 10 identified primary studies. The highest decrease of publications was in
2014, where only three sources were identified. Only two studies with a publication date in
2021 are included since this SLR stopped the search process after January 2021.

Figure 5.1.: Distribution of publications per year
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Distribution of publication types

Figure 5.2 shows the distribution of publication types. Within the 110 primary sources, three
distinct publication types were found. Seventy-three percent of the studies were published in
conferences, 20 percent in journals, and seven percent in workshops. Figure 5.3 displays the
distribution of primary sources over conferences. The 80 studies published in conferences
were published in 36 different conferences. The most popular conferences were the Agile
Conference (AGILE) with 17 primary sources, the Hawaii International Conference on System
Sciences with 13 publications, the International Conference on Product-Focused Software
Processes with five publications, and the Agile Development Conference with four studies. In
the remaining conferences, less than three publications each were published. The distribution
of primary sources over the fifteen journals as visualized in Figure 5.4 is spread equally. Only
in the journals IEEE Software (4 studies), the Journal of Software Evolution and Process (3
studies), and the Information and Software Technology journal (3 studies) more than one
primary study was identified. Figure 5.5 shows the distribution of primary studies published
in workshops.

Figure 5.2.: Distribution of publication types
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Figure 5.3.: Distribution of conference publication channels
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Figure 5.4.: Distribution of journal publication channels

Figure 5.5.: Distribution of workshop publication channels
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Research approaches

Five different research approaches were identified in the 110 primary sources. As visible
in Figure 5.6, 51 percent (56 studies) of the identified studies used the case study approach.
Experience reports make up the second-largest group, with 33% (36 studies). In 13 percent
of publications surveys were used for investigating goals and metrics in large-scale agile
software development. Mixed method design (3 studies) and action research (1 study) are
clearly in the minority.

Figure 5.6.: Distribution of research approaches

Context of primary studies

Table A.2 shows the organizational context of the primary studies. Forty-five out of the
identified 110 primary studies are considered to be large-scale agile software development.
As some primary studies conducted multiple case studies, overall 129 industrial settings
were examined. The distribution of agile frameworks mentioned in the primary studies is
visualized in Figure 5.7. Scrum was the most frequently used framework (30%), followed by
Extreme Programming (11%) and a mixture of multiple agile approaches (11%). Furthermore,
a large number of publications (23%) did not specifically state the agile methodology that
was used.
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Figure 5.7.: Distribution of agile frameworks mentioned in the primary studies

5.2. Metrics and goals in large-scale agile software development

The first research question is:

What are goals and metrics in large-scale agile software development?

To answer this question, all 828 extracted metrics were classified and compared. After
grouping similar measures that are named differently, 273 different measures were identified.
The full list of metrics, their frequency of occurrence, in which study they were mentioned,
and their definition can be found in Appendix A.4. In order to provide a better overview
of this large number of metrics, two further classifications have been performed. First, the
organizational level at which measurements were conducted was identified. Afterward, a
classification of metrics according to Fenton and Pfleeger [13] was performed, to provide an
overview about which entities and attributes are measured. Lastly, the goals mentioned in
large-scale agile software development are describes.

5.2.1. Organizational level measured

Figure 5.8 displays the distribution of metrics over the levels at which measurements were
conducted. Most measurements were conducted at the team level (69%, 571 measurements).
Out of the 571 mentions of measurements, 209 different metrics were used. Program level was
the second most measured level, with 26% (215 measurements) across 121 different metrics.
Only three percent of measures (28 measurements of 20 metrics) took place on portfolio level.
On the individual level, only six different metrics were used, and eight measurements were
conducted (1 percent). The least amount of measurements (1%, 6 measurements across 6
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metrics) took place on the enterprise level. The twenty most used metrics in each individual
level are displayed in Table 5.1.

Figure 5.8.: Distribution of measures across organizational levels

Enterprise level

On the enterprise level, only six different metrics were used. Out of those six metrics, five
were mentioned in two experience reports from Citrix [S1] [S2]. The company used Enterprise
Scrum and Scrum of Scrums as a large-scale method and had 28 teams working across six
products. They use enterprise story points to estimate the effort for implementing Enterprise
Backlog Item (EBI)s. Those are first estimated by product board members, then by team leads,
and finally by teams. After the estimation by the product board members is performed, the
EBIs are ordered by priority. The estimated effort is hidden to keep the estimation of the team
leads unbiased. After the team lead has estimated the EBI, the estimations are compared.
In case of differing estimations, the product board members need to re-estimate. The same
approach is then followed for the team estimations. Furthermore, Citrix measures velocity
on the enterprise level as story points implemented per month by the whole engineering
department. They also introduced operations velocity to resolve the bottleneck of projects
being stuck in deployment services due to not enough resources available in operations. The
last metric used on enterprise level by Citrix was company productivity, measured as Net
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Present Value (NPV) of all projects divided by effort spend on all projects. [S1] The success
of reducing time-to-market on the enterprise level was measured by calculating the average
release duration of all projects [S2]. Petrobras, an oil and gas company, used a build status
monitor to get provide an overview of the build state of each project and team in the company
[S3].

Measurement level Twenty most used metrics

Enterprise Enterprise Story Points (1), Velocity (1), Operations velocity (1), cycle
time (1), build status monitor (1), efficiency regarding cost (1)

Portfolio Return on investment (ROI) (4), Net Promoter Score (NPS) (3), applica-
tion downtime (2), customer satisfaction (2), customer Experience Index
(1), velocity (1), stakeholder happiness (1), business value delivered (1),
investment allocation report (1), results coming period (1), portfolio
wall (1), cycle time (1), results past period (1), defect count (1), Net
Present Value (NPV) (1), dependency visualization (1), structural qual-
ity (1), estimation accuracy (1), # of active users (1), generated income
(1)

Program Defect count (15), # of tests (8), code coverage (8), estimation accuracy
(7), lines of code (LOC) (5) # of closed defects (5), technical Debt (5), lead
time (4), velocity (4), # of completed tasks (4), churn (4), throughput (3),
task board (3), # of passed tests (3), test review yields (3), integration
status (2), dependency visualization (2), sprint burndown chart (2), # of
tests planned (2), # of defects found by customer

Team Velocity (41), defect count (38), estimation accuracy (21), complexity
(21), code coverage (19), time to fix defects (18), burndown chart (16),
lines of code (LOC) (12), deferred defects (11), # of tests (11), cycle time
(11), defect density (11), Net Promoter Score (NPS) (8), task distribution
8, # of completed tasks (8), # of closed defects (7), task completion time
(6), team satisfaction (6), availiable capacity (6), cost (6)

Individual Available capacity (3), individual effort remaining (1), individual effec-
tiveness (1), developer reputation (1), time to fix defects (1), employee
cost (1)

Table 5.1.: Distribution of metrics across organizational levels

Portfolio level

Within the primary studies, 21 metrics were measured at the portfolio level. The most men-
tioned measurements were Return on Investment (ROI) [S4] [S5] [S6] [S7] and Net Promoter
Score (NPS) [S8] [S6] [S9]. Application downtime [S9] [S10], and customer satisfaction [S11]
[S9] were mentioned in two studies. Eight of the 21 metrics on portfolio level were mentioned
in the Case Study of Kopripaara et al. [S9] at a large banking organization. They mea-
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sured customer satisfaction by using the metrics customer satisfaction survey, the Customer
Experience Index, the net change in active users, and the NPS. The financial value of the
portfolio was measured with generated income, sales per service channel, and the amount
of turnover. Application downtime per project and the number of reported incidents per
project were calculated to measure IT stability. [S9] Stettina and Schoemaker [S12] described
six metrics conducted at portfolio level: velocity, stakeholder happiness, results coming and
past period, portfolio wall, and dependency visualization. Business value delivered was used
at two financial companies [S13]. Integraph, a software developer, validated their investment
decisions by calculating a Project allocation and an Investment allocation report, where they
compared planned and actual allocation of effort per product [S14]. Fannie May consulting
used a structural quality heat map that visualized both quality and size of products over the
portfolio, sub-portfolio, and product level [S15]. Lastly, cycle time and customer satisfaction
were measured at Capital One Auto Finance [S11].

Program level

On the program level, the second most measurements were conducted. Since 121 different
metrics were used on this level, only the 20 most mentioned metrics will be discussed in
this section. The complete list of all metrics found per level can be found in Appendix A.3.
With 15 citations, the number of defects was by far the most measured metric at the program
level. Code coverage and number of tests are the second frequent measurements with eight
nominations. For their project with 150 developers, Hewlett Pacard used multiple measures
of the number of defects, code coverage, churn as the number of LOC or files added, the
number of passed tests, and a task board [S16].
StarSoft [S17], Petrobras [S3], Ericsson AB [S18], and Hewlett Pacard [S16] use the size
measure Lines of Code (LOC). Four companies measured the efficiency of defect removal
across teams in the number of closed defects [S16] [S19] [S20] [S21]. Burndown charts were
frequently used (four mentions) to display the burndown of product backlog items within a
project across teams [S12] [S22] [S17] [S1]. Technical debt was measured on the program level
by three companies [S19] [S3] [S23]. Siemens [S23], and Petrobras [S3] both describe multiple
measures related to technical debt. These include the total amount of technical debt and the
technical debt board, which visualizes the importance of the removal of technical debt. Lead
time, the number of completed tasks, churn, and velocity were each measured four times on
the program level. In a case study, Gustavson [S24] describes the use of program boards in
two companies that are used to visualize dependencies between teams and tasks.

Team level

With 209 different metrics and 571 measurements conducted team level metrics were reported
most frequently. On the team level, velocity was the most cited metric (41 occurrences).
Velocity describes the number of completed features or stories per iteration [S25] [S26] [S27].
The number of defects was the second most frequent metric (38 citations). The third most
frequently used metric was estimation accuracy, measured as the difference between estimated
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effort and actual effort spend [S28] or the actual effort minus the planned effort divided by
the estimated effort [S29]. The complexity of code was measured in terms of the number of
classes [S30] [S31] [S25], interfaces [S25], and methods [S32] [S31]. In 19 cases, companies
stated the use of code coverage, which describes the amount of code covered by test cases
[S31]. IONA Technology [S33] and 18 other companies measured the time needed to fix
defects. Further metrics regarding defects on the team level were the number of deferred
defects (11 occurrences), defect density (11 occurrences), and the number of closed defects (7
occurrences). Burndown charts, which visualize the amount of work scheduled in the current
sprint in relation to the work already completed by the team [S34] [S35], were mentioned 16
times. Atlassian [S36] and seven other companies conduct customer surveys, with which they
calculate the NPS. During the NPS customers are asked how likely they are to recommend
the product to others. All user ratings on the scale from 1-10 are then grouped into one of
three categories: promoters (rating of 9-10), passive (rating of 7-8), or detractors (rating of
7 or less). To calculate the NPS, the overall percentage of detractors is subtracted from the
overall percentage of promoters. [S37] [S36] Furthermore, task distribution (8 occurrences),
the number of completed tasks (8 occurrences), and task completion time (6 occurrences),
team satisfaction (6 occurrences), available capacity (6 occurrences), and cost (6 occurrences)
were measured.

5.2.2. Classification of metrics according to Fenton and Pfleeger [13]

Table 5.2 shows the classification of the identified metrics according to the categorization
of Fenton and Pfleeger [13]. With 69%, process was the most frequently measured entity,
followed by product 20%, and resource measures 11%. Overall, 55% of metrics measured
internal attributes, and 45% were external measures.
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5. Results

Product measures

As described in Section 4.2, products are the artifacts that result from a process [37]. With
166 measurements, 20% of metrics could be classified to the product domain. Out of those
measures, 70% represented internal, and 30% represented external attributes. Following the
classification of Fenton and Pfleeger [13] and the adaption to the framework by Kupiainen
et al. [5] the product entity was further divided into the six categories product, code,
documentation, features, specification, and test data. Out of these categories, code was the
most measured one (40%). Code is measured to 92% measured internally, with metrics
like code complexity, LOC, and the number of duplicated code. Only five external code
measures were identified. Measures related to the product as a whole made the second
largest group in the product category (23%). In contrast to the other categories, only external
measures were identified as a measure of product. The reason for this is that all metrics that
are related to customer satisfaction are external measures of the whole product. The most
frequently used metrics in this category are NPS (11), customer satisfaction (9), and consumer
feedback (2). The third most common measurements were used to measure test data (22%).
Internal measures of test data, which made up 84% of measurements, mainly included code
coverage (24) and the number of planned tests (3). External measures of test data included the
execution time per test case and the test rig availability (1). Features (10%), documentation
(4%), and specification (1%) were the least measured product entities.

Process measures

As described in Section 4.2, processed are all software-related activities [37]. With 68%
process is the most frequently measured entity. Within the process entity, in 49% of cases,
internal attributes and in 51% of cases, external attributes were measured. Within the process
entity nine categories were defined: testing (31%), implementation (28%), development cycle
(23%), estimation (7%), build (4%), design (3%), review (2%), constructing specifications
(2%), requirement specification (1%). Testing, which includes all measurements related to
the number of tests and identified defects during testing, is measured internally in 77%
of the cases. The most common internal test measures are the number of defects (54), the
number of performed tests (19), and the defect density (12). External measures were deferred
defects (12), the number of defects found by the customer (4), test review yields (4), and the
number of reopened defects (4). In the implementation category, all measures related to the
number of completed tasks, the amount of developed code, and the time to complete features
during implementation are included. Fifty-seven percent of measures in the implementation
category are performed on external attributes. The most frequent external attribute measure
is velocity (43), followed by the time to fix defects (21) and task completion time (7). All
external measures in this category are related to efficiency or productivity and are categorized
as external because it describes how resources perform a process. Internal measures of
implementation are the number of completed tasks (12), the number of closed defects (12),
and churn (5). Measures relating to the whole development cycle were the third most frequent
process category. It includes all measured that describe the scope of the whole development
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process. Like the implementation category, external attributes (70%) were measured more
frequently than internal attributes (30%). Internal measures were task distribution (5), the
amount of work in progress (3), and the task board (3). Burndown chart (21), cycle time (14),
and lead time (7) were the most identified external measures.

Resources measures

Resources, which describe everything that is required to perform a process [13], were the
least measured category (11%). Resources were grouped into five categories: economic (46%),
personnel (45%), software (3%), hardware (3%), and customer (2%). Economic resources
include all measurements related to money and are mostly external (82%). Metrics measuring
external attributes of economic value include ROI (10), business value delivered (7), and
Cost Performance Index (2). Internal measures of economic value are cost (6), and results
past period (2). Personnel is the second most frequent category. Personnel measures include
the internal metrics available capacity (9), team satisfaction (6), and the number of contrib-
utors/developers (2). External measures of personnel are individual effectiveness (3), top
contributors based on LOC (1), and the actual hours of the team on ideal capacity (1). For
software, hardware, and customer only internal measurements have been found.

5.2.3. What are goals in large-scale agile software development

Figure 5.9 displays the distribution of goals identified in the primary sources. Overall 204
goals were extracted, which could be grouped into sixteen categories. With 28%, increasing
quality was the most mentioned goal in the primary studies. Increasing quality includes
the goal of reducing technical debt [S39], increasing code quality by refactoring [S40], and
achieving IT stability [S9]. The second most frequently mentioned goal is operating at optimal
capacity (17%). In order to reach that goal, companies tried to identify bottlenecks [S20], and
increase the productivity of development [S41], [S42] [S9] [S43] [S33]. Increasing customer
satisfaction was the third most frequently mentioned goal (15%). In a large banking company,
customer satisfaction was perceived as the end goal [S9], and the product portfolio was
aligned according to maximize it [S6]. Increasing transparency was mentioned 23 times (8%).
At the Israeli Airforce, transparency was needed to identify whether other goals were met
[S26]. Garzás and Paulk [S44] reported the need for transparency to make corrective actions
possible by providing objective insights. Delivering the product adherent to schedule was
stated as a goal 13 times (5%). As a goal that should be achieved with the introduction of
agile software development [S45] [S46] [S47], reducing time to market was mentioned twelve
times. Reducing cost (5%), having accurate estimation (4%), reducing risk (3%), increasing
employee satisfaction (3%), ensuring compliance to agile methodologies (2%), learning (2%),
collaboration (2%), motivating people (1%), and increasing usability (1%) were the least
mentioned goals within the primary sources.
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Figure 5.9.: Distribution of goals in large-scale agile software development
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5.3. Challenges related to metrics in large-scale agile software
development

What challenges of using and implementing metrics in large-scale agile software develop-
ment have been reported?

To answer the second research question, challenges regarding metrics in large-scale agile
development have been extracted from the 110 primary studies. Table 5.3 displays all of the
21 identified challenges. These were grouped into six different categories, which will be
described in the following. The most often identified challenge was data collection (28%),
followed by the difficulty of implementing metrics (23%), no shared understanding of metrics
(18%), coordination challenges in the multi-team environment (10%), hierarchical boundaries
of measurement (10%), and misinterpretation of metrics (10%).

5.3.1. Data collection

With twenty-eight percent, the difficulty of data collection was the most identified challenge
within the primary sources.

Data availability

Data availability was mentioned as a challenge by seven studies. Ram et al. [S41] [S19] and
Kortum et al. [S49] reported that metrics could not be developed because the necessary data
was not available since no tools were used for data collection. At Adobe Systems, Green [S48]
stated that metrics could not be compared because of data unavailability due to missing tools
or non-transmitted data. Ram et al. [S19] and Gruschwitz and Schlosser [S25] mentioned that
the company process did not produce the data needed for measurement. At a case study in a
large banking company, Korpivaara et al. [S9] found out that the selection of metrics that
were implemented was constrained through the limited availability of data because otherwise
investment in data infrastructure would have been necessary. A lack of tools was mentioned
as a challenge in three primary studies.

Time and effort needed for data collection

Seven publications stated that the time and effort needed for data collection provides a
challenge. In an experience report performed at IONA Technology, Poole and Huisman
[S33] mention the high effort of data collection due to them using Excel spreadsheets. Other
publications reported that the extra time needed for data collection limited their selection
of metrics [S9] [S19]. Another problem that arose through the time and effort needed for
data collection was a reduction in data quality, as developers tried to fill in data as quickly
as possible [S50]. Furthermore, the time and effort needed for data collection reduced the
capability to analyze the development process in real-time due to manual preprocessing steps
that had to be performed [S27].
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Challenge Source # of cases

Data collection 17 (28%)
Data availability [S41] [S48] [S49]

[S25] [S9] [S19] [S5]
7 (12%)

Time and effort needed for data collection [S33] [S49] [S9]
[S19] [S50] [S51]
[S27]

7 (12%)

Data quality [S50] [S32] 2 (3%)
Data security [S41] 1 (2%)
Metrics are difficult to implement 14 (23%)
Difficulty in deriving actionable inputs [S52] [S19] [S49]

[S36]
4 (7%)

Missing alignment between metrics and business objectives [S52] [S44] [S6] 3 (5%)
Difficult to implement [S49] [S51] 2 (3%)
Some aspects are hard to measure [S49] [S39] 2 (3%)
Hard to apply a consistent set of metrics across all phases
of product development

[S36] [S8] 2 (3%)

Time and effort needed to measure frequently [S5] 1 (2%)
Missing understanding 11 (18%)
Different perceptions of success between stakeholders [S53] [S42] [S54] 3 (5%)
Mismatch between metric related perceptions among differ-
ent levels of responsibility

[S55] [S52] [S24] 3 (5%)

Missing understanding for interpretation of metrics [S52] [S56] 2 (3%)
Lacking support of metrics [S49] [S33] 2 (3%)
Lack of skills and guidance in setting metrics [S9] 1 (2%)
Misinterpretation of metrics 6 (10%)
Subjective or inaccurate information [S49] [S9] [S57] 3 (5%)
Not enough attention on qualitative aspects of work [S22] [S58] 2 (3%)
Metrics are easy to manipulate [S59] [S60] 2 (3%)
Hierarchical boundaries of measurement 6 (10%)
Fragmented collection and storage of data at different orga-
nizational levels

[S61] [S15] [S62]
[S43] [S7]

5 (8%)

Feeling of disconnect between team and program level
metrics

[S9] 1 (2%)

Coordination challenges in multi-team environment 6 (10%)
Hard to transfer metrics between teams [S63] [S64] [S65]

[S11] [S42] [S66]
6 (10%)

Table 5.3.: Challenges of metrics in large-scale agile software development
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Data quality & data security

The quality of data was identified as a challenge by McMahon [S50] who mentioned that
metrics have provided wrong results because developers have put in the wrong data in the
measurement tools. Furthermore, Diebold et al. [S32] described the same problem. Here the
burndown chart showed fewer finished stories due to developers forgetting to update tasks.
Data security has also limited the availability of data, because a governmental company had
problems in getting the allowance to collect data for measurement due to privacy reasons
[S41].

5.3.2. Metrics are difficult to implement

Another challenge that was frequently mentioned is connected to the implementation of
metrics being difficult. Within this class, five categories were identified.

Difficulty in deriving actionable inputs

In their case study, Ram et al. [S19] found that while the data for measurement was available,
the company did not use the metric due to having difficulties in deriving value from the
metric. This challenge was also stated in the studies from Korkala [S52], Kortum et al. [S49]
who both described that the developers did not see any benefits for using the metrics. Another
example of the difficulty of deriving actionable inputs is that developers at Atlassian had
problems in understanding how their work was linked to the metrix UMUX-Lite [S36].

Missing alignment between metrics and business objectives

Five percent of the identified challenges could be grouped into the category of misalignment
between metrics and business objectives. In a case study of twelve Spanish companies using
Scrum Garzás and Paulk [S44] identified that 42% of software measurements were not aligned
to business objectives which do not follow the best practices for software measurement of
the CMMI-DEV 1.3 framework. In a multinational technology company, metrics became
misaligned to business objectives because they were adapted to individual interests [S52].
At NYSE Technology, measures were based on profitability which meant that the focus on
strategic objectives was lost [S6].

Difficult to implement and some aspects are hard to measure

Kortum et al [S49] and Augustine et al. [S51] mentioned that metrics are hard to implement.
The energy company ABB, for example, had difficulty in providing a visualization of task
items in form of charts [S51]. Furthermore, Kortum et al. [S49] described the challenge that
metrics that can only be calculated by looking at subjective data are hard to measure. This is
especially true when trying to measure social conflicts, dysfunctional habits, and social-driven
conflicts in software projects [S49]. Furthermore, Alahyari et al. [S39] mentioned that they
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didn’t have any metrics to measure value, because no clear definition of value existed that
could have been measured.

Hard to apply a consistent set of metrics across all phases of product development

Friedmann and Flaouna [S36] [S8] state that ideally the same metrics should be applied
across all phases of product development. But this is hard to realize at Atlassin, because, for
example, the NPS that is measured only is measurable once the first part of the product is
released and used by the customer.

Time and effort needed to measure frequently

In a case study at two Canadian software organizations Mattsson et al. [S5] identified, that
although the companies wanted to measure the progress of development daily, measurement
was performed every week due to time restrictions.

5.3.3. No shared understanding

Out of the primary studies, eleven citations of challenges related to not having a shared
understanding of metrics were identified.

Different perceptions of success between stakeholders

Siddique and Hussein [S53], Fagerholm et al. [S42], and Gregory et al. [S54] all stated that
they had problems in introducing metrics due to different perceptions of success between
different stakeholders. Siddique and Hussein [S53] describe that customers identify success as
the value received in relation to the money invested. Developers define success if the product
has high quality, and management identifies it as success when new customers are acquired
[S53].

Mismatch between metric-related perceptions among different levels of responsibility.

In a case study at a banking company, Gustavson [S24] identified that the company struggles
with mismatched perceptions of metrics among different levels of responsibility. The core
team had defined that only sequential dependencies are collected and visualized on the
program board. This led to complications during the Scrum of Scrums meeting, as important
dependencies were not visualized in the diagram and could not be resolved. Another
mismatch of perceptions was described by Chen et al. [S55] between the team and the
quality manager and product owner. The team had the perception that faults do not need to
be reported in agile software development, while the quality manager and product owner
expected all defects to be reported [S55]. Mismatches can furthermore occur when evaluating
the effectiveness of metrics. Korkala [S52] reports, that high-level management thought that
the implemented metrics provide are useful, while product line management and quality
assurance are not convinced.
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Missing understanding for interpretation of metrics

In order to receive the optimal value of metrics they must be understood [S52]. Korkala [S52]
and Pacheco et al. [S56], both describe that understanding how metrics can be interpreted is
perceived challenging. Understanding variation in a graph showing the relation between size
and effort will provide more information if the reasons behind the variations are understood
[S52].

Lacking support of metrics

IONA Technology stated the challenge that, while metrics would be very beneficial during
re-planning activities, they are not used because of the lacking support of developers [S33].
This is supported by the survey of Kortum et al. [S49] who identify the lack of support of
metrics both in team and management.

Lack of skills and guidance in setting metrics

Korpivaara et al. [S9] mention that there is a lack of skills and guidance for setting metrics in
the studied company. Good management decisions based on metrics were proven difficult
due to a lack of standardized measurement practices within the company [S9].

5.3.4. Misinterpretation of metrics

Not enough focus on qualitative aspects of work

Matthiesen and Bjorn [S22] identified in a case study that because of the focus of metrics like
the burndown chart, the focus on qualitative aspects of work got lost. This means that, while
focusing on the speed of development, team collaboration and quality of work can fade into
the background [S22]. Microsoft reports the same issue with the measure of the velocity of
task completion [S58]. While being a good measure of identifying whether the requirements
were delivered within an iteration, velocity is not enough to identify the cause of variations
in the process [S58].

Subjective and inaccurate information

Subjective and inaccurate information form measurement challenges [S9] [S49]. A large
banking company had the challenge that the team perceived that external factors influenced
the outcomes of the measurements [S9]. The resulting lack of influence they, therefore, had
on the outcome of the metric led to the team losing trust in the measurement [S9]. This issue
is also reported in a case study of Hassani-Alaoui et al. [S57] who reported that a company
measured success of an project by being on-time, on-budged and high-quality. With these
measures, the problem arose that deviations from budget and time are often related to wrong
estimation instead of wrong management [S57].

57



5. Results

Metrics are easy to manipulate

Another challenge of metrics is that they are easy to manipulate [S59] [S60]. Hekkala et al.
[S59] describe this problem in relation to the focus on story points implemented. When the
amount of story points is used for evaluating the performance of the sprint, the team might
be led to agreeing on more issues than they can actually develop or adapt the estimation [S59].
The same challenge was mentioned in an experience report of Elssamadisy and Schalliol [S60]
who describe the misuse of the velocity metric. Here, developers were asked to reduce the
effort for testing and refactoring in order to retain their velocity [S60]. This led to a reduction
of quality and finally to an increase in project time [S60].

5.3.5. Hierarchical boundaries of measurement

Fragmented collection and storage of data at different organizational levels

Fragmented collection and storage of data was identified as a challenge by five publications.
Lehto and Rautiainen [S62] identified the problem that people on different organizational
levels were using various spreadsheets for managing backlog items. As those spreadsheets
were not linked with each other in real-time, data inconsistencies occurred. [S62] Furthermore,
in Fannie Mae [S15] metrics could not be aligned at the enterprise level, as tools were
implemented separately from each other across different products and could not be merged.
This was also mentioned in a case study by Fabjan et al. [S61] who found that while
information exists it is not shared on all levels due to data being stored at different places
which can not be accessed by everyone.

Feeling of disconnect between team and program level metrics

In a large Nordic bank [S9] team members reported a feeling of disconnect between the
portfolio level metrics and the team. Due to the metric being aggregated on a high level, the
team felt that their actions did not influence the metrics at all.

5.3.6. Coordination challenges in multi-team environment

Hard to transfer metrics between teams

In six cases, publications stated that transferring metrics between teams is challenging. One
of the reasons for this was the problem that different teams use different effort estimates and
therefore measurements are not comparable [S63] [S11] [S64] [S52] [S42][S1]. Salameh et al.
[S65] mentioned that measurements could not be compared across teams, because teams had
individual metrics implemented.
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5.4. Success factors of using and implementing metrics in
large-scale agile software development

What success factors of using and implementing metrics in large-scale agile software
development have been reported?

Table 5.4 displays the 25 success factors that were mentioned in the primary studies. These 25
success factors were grouped into ten categories. The most mentioned success factor categories
are providing accessibility (18%) and usage of tools (18%). Ten percent of cases suggest an
iterative operationalization of metrics is important for successfully starting a measurement
program. Additionally, teams and stakeholders should be included into the measurement
process (10%). Furthermore, the primary studies suggested that metrics should be used over
all organizational levels (10%) and trust and cooperation of teams towards metrics needs to
be ensured (10%). Additionally, alignment of metrics with objectives, processes, and available
data (9%), keeping it simple by not introducing too many metrics (7%), horizontal alignment
of metrics (5%), and defining interventions that are linked to KPIs (3%).

Success factors of metrics
Success Factor Source # of cases
Accessibility 12 (18%)
Make metrics visible to everyone [S14] [S67] [S68]

[S28] [S9] [S35] [S52]
[S49]

8 (12%)

Frequent monitoring of metrics [S68] [S50] [S9] [S10] 4 (6%)
Alignment of metrics 6 (9%)
Alignment of metrics with objectives [S44] [S43] 2 (3%)
Metrics should be defined by looking at available data [S41] [S10] 2 (3%)
Alignment of metrics with the development process [S41] [S10] 2 (3%)
Horizontal alignment 4 (6%)
Have the same metrics across multiple projects [S15] [S10] [S35] 3 (4%)
Monitor the same metrics throughout all phases [S8] 1 (1%)
Interpretation of metrics 2 (3%)
Improve visibility instead of focusing on deviations [S69] 1 (1%)
Define interventions that are linked to KPIs [S68] 1 (1%)
Involve team and stakeholders 7 (10%)
Metrics should be set up around teams and people [S68] [S10] [S31] 3 (4%)
Include teams in defining objectives and measures [S42] [S6] [S14] 3 (4%)
Allow customization of metrics [S70] 1 (1%)
Iterative operationalization 7 (10%)
Introduce metrics in an iterative fashion [S41] [S71] [S52]

[S72] [S15]
5 (7%)

Regular feedback about metric implementation and
interpretation

[S41] [S9] 2 (3%)
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Continuation of table
Success Factor Source # of cases
Keep it simple 5 (7%)
Don’t use too many metrics [S25] [S52] [S35] 3 (4%)
Perform a cost-benefit analysis [S73] [S10] 2 (3%)
Metrics used over all organizational levels 7 (10%)
Define metrics at all organizational levels [S66] [S42] [S52] [S6] 4 (6%)
Standardize reporting management systems across all
organizational levels

[S14] [S74] [S66] 3 (4%)

Use tools 12 (18%)
Automate data collection and calculation of metrics by
using tools

[S12] [S73] [S75]
[S71] [S25] [S14]
[S35] [S76] [S17]
[S10] [S51] [S41]

12 (18%)

Trust and cooperation of teams 7 (10%)
Build transparency [S41] [S28] [S52] 3 (4%)
Ensure commitment of management and teams [S51] [S10] 2 (3%)
Ensure that the team trusts the measurement program [S27] [S41] 2 (3%)

Table 5.4.: Success factors of metrics in large-scale agile software development

5.4.1. Accessibility

Accessibility of metrics was the most frequently mentioned success factor (18%) within the
primary sources.

Make metrics visible to everyone

Overall, eight primary studies identified making metrics visible to everyone as a success
factor. Korpivara et al. [S9] found that providing visibility between team and unit metrics is
crucial. Integraph, a software developer with more than 75 teams, observed that sharing all
measurements with everyone in the organization increased the overall acceptance of metrics
[S14]. A good approach for providing this kind of visibility is the usage of dashboards
[S49], which can, for example, be used to provide an overview of all indicators within the
organization [S52]. Additionally, making metrics accessible to everyone in the organization
increases transparency and improves planning [S68].

Frequent monitoring of metrics

Three publications identified frequent monitoring of KPIs as a success factor of using metrics
in large-scale agile software development. Cheng et al. [S68] found that monitoring the KPIs in
the daily Scrum meeting made timely interventions possible. McMahon et al. [S50] identified
in a case study that the likelihood of the measurements being used for improvement increased
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with the recency of measurements. Additionally, frequent monitoring of measurement results
was found to correlate with team motivation [S9] positively.

5.4.2. Alignment of metrics

Alignment of metrics with objectives

Following the best practice of CMMI-DEV 1.3 [S44], the alignment of measurements with
objectives was identified as a success factor by three publications. According to [S43]
measurements should match with the agile goals that were identified. Horlach et al. [S6]
mentioned that the alignment of measurement and goals increased awareness and enabled
commitment.

Define metrics by looking at available data

Ram et al. [S41] and Staron and Meding [S10] stated that the implementation of metrics
should be aligned with the available data. In order to keep the effort for data collection
minimal, the introduction of metrics should start with using already existing data [S10] [S41].
After successful implementation of those metrics, the measurement process can be refined,
and additional metrics can be introduced [S10] [S41].

Align metrics with the development process

In addition to looking at available data, measurements should be aligned with the develop-
ment process to reduce additional overhead [S41] [S10]. Integrating measurements into the
development process using existing tools for data acquisition increased the acceptance of
measurement practices because no additional effort for learning was needed [S10].

5.4.3. Horizontal alignment

The same metrics should be used across all projects to enable the possibility of comparing
different projects with each other [S15]. Meding [S35] stated that the same dashboards should
be used across multiple teams. Furthermore, Flaounas and Firedman [S8] [S36] state that
ideally, the same metrics should be used throughout the whole development process.

5.4.4. Interpretation of metrics

For the interpretation of metrics, two success factors were identified. In an experience
report, Sirkiä and Laanti [S69] found that metrics should be used to provide visibility and
give information instead of focusing on control. Instead of explaining variances to the
management, measures like estimation accuracy are used to help the team in planning [S69].
Cheng et al. [S68] state that all KPIs should be linked to interventions that are automatically
triggered once the defined target of the KPI is undercut. When the measure of productivity
on the team level, for example, went below a threshold, other teams were asked to help
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the struggling team with the task [S68]. Furthermore, meetings were held with the team to
identify possible problems, or tasks were removed from the sprint backlog [S68].

5.4.5. Involve team and stakeholders

Metrics should be set up around teams and stakeholders

Measurements should be set up around teams since they are responsible for developing
the software and are therefore the most important aspect to monitor [S68]. In a case study,
Staron and Meding [S10] identified that each measurement system in the company should
be linked to a stakeholder. Otherwise, this can lead to measurements not being used [S10].
A further aspect of linking measurements around people is described by Janus et al. [S31]
who concluded that quality managers should be part of the development team. This ensures
correct interpretation of measurement and increases the usefulness of measurements [S31].

Include the team in defining objectives and measures

Involving team members in defining objectives and measurements has been named as a
success factor by three publications. At Integraph, all levels of the organization are included
in the definition of objectives and measurements so that everyone can make decisions based
on the same information [S14]. In a case study, Fagerholm et al. [S42] identified that involving
teams in goal setting is perceived as a fundamental characteristic of high-performing teams.
Furthermore, Horlach et al. [S6] identified that on the team level, measurements and objectives
should be self-defined to increase the understanding of purpose in the team. Those objectives
should be derived from the overall business objectives defined at higher levels [S6].

Allow customization of metrics

Allowing customization is the last success factor that could be identified in the category of
involving team and stakeholders. In an action research approach at a European Healthcare
provider, Colye and Barata [S70] identified that changing metrics for each team or project in
an agile way improved team commitment [S70].

5.4.6. Iterative operationalization

Introduce metrics in an iterative fashion

Similar to the agile development process, measurements should be implemented in an iterative
fashion [S41]. Even if the company wants to implement multiple metrics, one should first
start with choosing a few key measurements. After these are successfully implemented and
used by developers further metrics can be introduced [S41] [S52] [S72]. Horhonen [S71]
describes this approach with an example of a defect reporting process. First, guidelines
regarding which defects should be reported are defined. Then, the appropriateness of the
defect reporting tools and processes is assessed. After a process is established, appropriate
metrics for defect reporting are selected and implemented. [S71]
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Regular feedback about metric implementation and interpretation

Not only should metrics be introduced in an iterative fashion but also feedback about metric
implementation and interpretation should be provided in that way. Ram et al. [S41] highlights
the importance of frequent reevaluation of measurements during metric implementation.
Feedback sessions between development teams and the measurement team enabled repriori-
tization and adaption of metrics, as well as learning, [S41]. Korpivaara [S9] identified that,
especially on the program level, frequent review and reprioritization of metrics is necessary
since the importance of metrics changed with the maturity level of agile practices.

5.4.7. Keep it simple

Do not use too many metrics

Three researchers stated the fact that organizations should not use too many metrics. While
collecting multiple metrics is important, the number of metrics should not be too high, and
only essential metrics should be implemented to keep the time needed for measurement to a
minimum [S52] [S35] [S25].

Perform a cost-benefit analysis

In order to avoid introducing unhelpful metrics into the development process, two authors
mentioned that a cost-benefit analysis should be performed [S73] [S10]. Furthermore, the
cost for measurement introduction can be reduced by reusing base measures that have been
collected, specified, and stored in a catalog [S10].

5.4.8. Metrics used over all organizational levels

Define metrics at all organizational levels

Four publications identified defining metrics and objectives at all organizational levels as an
important success factor of measurement. Fagerholm et al. [S42] state that the measurement
of large organizations should start by understanding objectives and measurement needs at
all levels of the organization and aligning those needs. In introducing a quality governance
program, Pradhan and Nanniyur [S66] defined metrics at all organizational levels to make
sure that quality is a decision-making criterion for everyone. Horlach et al. [S6] aligned the
synchronization cycles of all organizational levels within the company.

Standardize reporting management systems across all organizational levels

With large-scale agile software development, the need to standardize reporting management
systems across all organizational levels arises, as three publications report. At Integraph, a
large software development company, the same reports are used at all organizational levels
to ensure that everyone has the same information [S14]. This means that on the portfolio
level, the measurements are also performed based on the measured velocity at the team
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level [S14]. Moreover, Winz et al. [S74] state that standardized measurement systems should
ensure that all teams follow the same best practices in reporting. This assures correct and
efficient reporting, as data is collected in the right way from the beginning and does not have
to be reprocessed [S74]. In order to achieve standardized reporting management systems,
data must be integrated company-wide [S66]. Only this ensures that all measurements are
included in the decision-making process [S66].

5.4.9. Use tools

In twelve cases, the automatization of data collection and metric calculation through the
usage of tools has been mentioned as a success factor. Multiple publications state that tools
should be used in order to reduce the time needed for data collection [S73] [S25] [S10] [S12]
[S14]. Stettina and Schoemaker [S12] identified that organizations with higher agile maturity
had a higher, more frequently used automated data collection instead of using spreadsheets.
This is in line with Sutherland et al. [S17], who reported that high-velocity projects need
automated measurements to track the development status across teams. Tekin et al. [S75]
mention that ideally, team members should be included in the decision of which tools for
measurement are used to decide about the usability and the functionality of the tools.

5.4.10. Trust and cooperation of teams

Ensure commitment of management and teams

Ensuring management and team commitment towards measurements has been identified
as a success factor by two studies. Staron and Meding [S10] group commitment into two
categories: management commitment and team commitment. Management commitment was
needed to ensure that the measurement program was actually introduced. This was achieved
by sharing predictions of measurements [S10]. Ensuring team commitment was deemed
critical to ensure the reliability of data that is entered by the team [S10]. Augustine et al. [S51]
ensured commitment by sharing success stories of metric usage.

Ensure that the team trusts the measures

Furthermore, ensuring the trust of teams was perceived as a success factor of metric usage.
In order to ensure the collection of accurate data, the team needs to have trust that metrics
are not used to their disadvantage [S27]. Moreover, trust in the accuracy of metrics should be
established by using familiar metrics or calculating the trustworthiness of metrics [S41].

Build transparency

Another success factor in achieving the trust and cooperation of teams is to achieve trans-
parency [S41] [S28] [S52]. Ram et al. [S41] achieved this by linking metrics to the actual data
source and providing everyone visibility of how the metric is calculated. Tably et al. [S28]
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presented the data of measurements to the whole team and openly discussed the reasons for
the implementation of each measurement.
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In this chapter, the key findings of this master’s thesis will be presented. Furthermore, the
limitations of the SLR will be discussed.

6.1. Key findings

Increasing number of publications on metrics in large-scale agile software development

There is an increasing interest of researchers for metrics in large-scale agile software de-
velopment. This can be concluded from the increasing number of studies being published
in this field of research by year. This is in line with the growing number of agile software
development being introduced within large organizations [2].

Most studies are published in Conferences

With 83 of 110 studies, most primary studies were published in conferences. From this, it
can be concluded that the research field of metrics in large-scale agile software development
has not achieved high maturity yet, since conference publications have a lower maturity
than journal publications. This conclusion is also supported by the distribution of research
approaches throughout the primary studies. At 34%, experience reports represent the second-
largest share of the identified research approaches. Most studies related to metrics in large-
scale agile software development were published in the Agile Conference (18 publications) and
the Hawaii International Conference on System Sciences (13 publications). The most frequently
represented journal was IEEE Software (4 publications), and the most frequently represented
workshop the ISCE workshop on software development governance (3 publications).

Most measurements are conducted at the team level

Most measurements described in literature are conducted at the team level (69%). These
include measures of velocity, the number of identified defects, or estimation accuracy. Mea-
surements on the program level are the second most frequently found metrics (26%). With the
number of identified defects, the number of tests, and estimation accuracy, the measurements
on the program level are very similar to the measurements conducted at the team level. While
many publications described that they are using metrics at the portfolio level only 22 metrics
at the portfolio level were actually described. Portfolio level measures are mostly connected
to economic entities or customer satisfaction. These findings align with the metrics described
in the SAFE framework [61].
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Most measurements conducted were process metrics

Similar to the findings in the SLR of Kupiainen et al. [5], process and product were the
most measured entities. Within processes, measurements were mostly applied during testing,
implementation, the whole development process, and estimation. In line with the agile
value "Working software over comprehensive documentation" [8] only few measures regarding
constructing specifications and requirement engineering were found. The most identified
product metrics were measures of customer satisfaction or customer value delivered.

Data collection and storage is the most common challenge of using and implementing
metrics in large-scale agile software development

In the SLR, 21 challenges, grouped into six categories: using and implementing metrics
in large-scale agile software development were identified. The most frequently mentioned
challenge categories were data collection (28%), metrics being difficult to implement (23%),
and no shared understanding of metrics (18%). The five most frequently mentioned challenges
were data availability (12%), time and effort needed for data collection (12%), metrics being
hard to transfer between teams (10%), fragmented collection and storage of data at different
organizational levels (8%), and difficulty of deriving actionable inputs (7%).
In large-scale agile software development, the acquisition and processing of data seem to
provide the biggest challenge, since three out of the five most mentioned challenges were
related to data collection and storage of data. Furthermore, the large-scale setting where
multiple teams are working on one product introduces the challenge of comparing teams.
To our knowledge, there is not much scientific literature about challenges in the introduction
and usage of metrics in large-scale agile software development. Within the Version One State
of Agile surveys [12], fragmented tooling and project-related data/measurements have been
stated as a general challenge when adopting and scaling agile. This is in line with the findings
in this thesis. The results of this research question are in line with the challenges that Ram et
al. [S19] identified. In a case study where metrics were introduced in four companies lack of
data or tools, existing processes inhibiting change, and the difficulty of deriving actionable
inputs were found to be the main challenges.

Automated data collection, making metrics visible to everyone, and introducing metrics
in an iterative fashion are the most identified success factors of metric usage and
implementation

In this literature review, 22 success factors and ten success factor categories have been identi-
fied. The most frequently mentioned success factor categories were providing accessibility
(18%), using tools to automate data collection (18%), and involving team and stakeholders
(10%). The most common mentioned success factors are automated data collection (18%),
making metrics visible to everyone (12%), and introducing metrics in an iterative fashion (7%).
Within the Version One State of Agile surveys [version], five tips for successfully scaling agile
software development have been mentioned. The second most frequently agreed-on success
factor being using a common tool across all teams (40%) [2]. This is in line with the success
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factor by standardizing reporting management across all organizational levels, projects, and
teams that have been identified in this thesis. When introducing a software measurement
program in an industrial project, Poligadu and Moloo [62] provided an overview of multiple
success factors for measurement program implementation in agile development. These in-
clude the alignment of measures to agile principles, providing trend information, aligning the
metrics to processes and available data, and keeping it simple by not using too many metrics
[62]. The aforementioned success factors align very well with the success factors identified
within this master’s thesis.

6.2. Limitations

This section describes the limitations that might have occurred within this thesis. First, the
results of this SLR can be affected by the completeness of the identified primary studies. To
overcome this problem, this SLR followed the recommendations of Zhang et al. [16]. By
performing a preliminary search, the keywords could be adapted and optimized. Further-
more, the comparison of the main search results with previous literature reviews and the
preliminary search enabled a validity check of the automated search. Nonetheless, these
approaches do not guarantee that the search terms missed no primary studies.
Another aspect that might have affected the completeness of identified primary studies is
researcher bias. Misinterpretation of inclusion and exclusion criteria or human error in the
filtering process might have affected the completeness. This risk was mitigated by having
a second researcher perform the filtering of metadata and resolving conflicts. A second
researcher applied the inclusion and exclusion criteria to random samples during the abstract
and full-text filtering in regular intervals. Afterward, conflicts were discussed and resolved
together.
Another part that might have been influenced by completeness and bias is the data extraction
and coding process. These steps were performed in multiple iterations to mitigate the bias
and completeness of data extraction and coding. Furthermore, we try to make the coding
process traceable by linking each result to the primary study it was identified in.
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This chapter summarizes the results of this master thesis and provides an overview about
possibilities for future work.

7.1. Summary

In the following section, the answers to the research questions presented in Section 1.2 are
summarized. This master’s thesis provides an overview about the current state of research
on goals and metrics in large-scale agile software development. By performing a SLR, a set
of 17042 publications that was retrieved from the keyword search was analyzed, resulting
in 110 primary studies about goals and metrics in large-scale agile software development.
The growing number of publications in this research field shows that there is increasing
attention from researchers. Due to the large number of the identified studies being published
in conferences, it can be concluded that the research area is still at a low maturity.

Research Question 1: What are goals and metrics in large-scale agile software develop-
ment?

Within the primary studies, increasing quality, operating at optimal capacity, and increasing
customer satisfaction were the most frequently mentioned goals. These goals align very
well with the metrics that were identified in this SLR. Metrics in large-scale agile software
development are most frequently measured on the team level and the program level. Metrics
used on those two levels are very similar. While multiple organizations described that they
were using metrics on the portfolio level, only 20 metrics were described.

Research Question 2: What challenges of using and implementing metrics in large-scale
agile software development have been reported?

Collection and storage of data is the most mentioned challenge of using and implementing
metrics in large-scale agile software development. This includes data availability, time
and effort needed for data collection, and fragmented collection and storage of data at
different organizational levels. Further reported challenges included metrics being difficult to
implement and the lack of shared understanding of metrics and measurement goals.

Research Question 3: What success factors of using and implementing metrics in
large-scale agile software development have been reported?
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Within the 110 primary studies, 22 success factors grouped into ten categories were identified.
Automated data collection, making metrics visible to everyone, and introducing metrics in an
iterative fashion are the most identified success factors of metric usage and implementation
in large-scale agile software development.

7.2. Future work

The ideas for future work are derived from the findings in this master’s thesis. As described in
the previous chapters, even though the usage of metrics at the portfolio level was mentioned
in multiple cases, only a few metrics were actually described. Performing case studies on this
field of research could therefore be a good point for future work.
Furthermore, research on resolving the challenges described in this master thesis would be
a good starting point for future research. This could include the creation of a KPI catalog
to provide a structured overview about metrics, their calculation rules, data needed, and
objectives they can be linked to. This could help solve the challenge of deriving actionable
inputs of measurements or having misalignment between metrics and business objectives.
Another good starting point lies in for future work lies in analyzing the tools and processes
used for measurements in large-scale agile software development. This would be useful to
provide opportunities to overcome the challenge of fragmented collection and storage of
data at different organizational levels and is in line with the success factor of using tools to
automate data collection and calculation of metrics.
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A.1. Search terms of the main search
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Search terms of the main search
DB Search term
ACM Abstract:(((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature

driven development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming"
OR "test-driven development" OR "TDD" OR "leanness" OR "lean software de-
velopment" OR "lean development" OR "LSD") AND NOT "manufacturing" ) OR
((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature driven
development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming" OR "test-
driven development" OR "TDD" OR "leanness" OR "lean software development"
OR "lean development" OR "LSD") AND NOT "manufacturing" ) AND ("large
scale" OR "scaling" )) OR ("Crystal Family" OR "Dynamic Systems Development
Method Agile Project Framework for Scrum" OR "Scrum of Scrums" OR "Enterprise
Scrum" OR "Agile Software Solution Framework" OR "Large-Scale Scrum" OR
"Scaled Agile Framework" OR "Disciplined Agile" OR "Spotify Model" OR "Mega
Framework" OR "Enterprise Agile Delivery and Agile Governance Practice" OR
"Recipes for Agile Governance in the Enterprise" OR "Continuous Agile Frame-
work" OR "Scrum at Scale" OR "Enterprise Transition Framework" OR "ScALeD
Agile Lean Development" OR "eXponential Simple Continuous Autonomous Learn-
ing Ecosystem" OR "Lean Enterprise Agile Framework" OR "Nexus" OR "FAST
Agile")) AND ((measur* ORmetric* OR "diagnostic" OR monitor* OR quantitative
OR "reporting" OR indicator* OR "performance indicator" OR "KPI") OR (aim
OR target OR object* OR goal)))) AND Keyword:(((("agile" OR "agility" OR "ex-
treme programming" OR "XP" OR "feature driven development" OR "FDD" OR
"scrum" OR "crystal" OR "pair programming" OR "test-driven development" OR
"TDD" OR "leanness" OR "lean software development" OR "lean development"
OR "LSD") AND NOT "manufacturing" ) OR ((("agile" OR "agility" OR "extreme
programming" OR "XP" OR "feature driven development" OR "FDD" OR "scrum"
OR "crystal" OR "pair programming" OR "test-driven development" OR "TDD"
OR "leanness" OR "lean software development" OR "lean development" OR "LSD")
AND NOT "manufacturing" ) AND ("large scale" OR "scaling" )) OR ("Crystal
Family" OR "Dynamic Systems Development Method Agile Project Framework
for Scrum" OR "Scrum of Scrums" OR "Enterprise Scrum" OR "Agile Software
Solution Framework" OR "Large-Scale Scrum" OR "Scaled Agile Framework" OR
"Disciplined Agile" OR "Spotify Model" OR "Mega Framework" OR "Enterprise
Agile Delivery and Agile Governance Practice" OR "Recipes for Agile Governance
in the Enterprise" OR "Continuous Agile Framework" OR "Scrum at Scale" OR
"Enterprise Transition Framework" OR "ScALeD Agile Lean Development" OR
"eXponential Simple Continuous Autonomous Learning Ecosystem" OR "Lean
Enterprise Agile Framework" OR "Nexus" OR "FAST Agile")) AND ((measur* OR-
metric* OR "diagnostic" OR monitor* OR quantitative OR "reporting" OR indicator*
OR "performance indicator" OR "KPI") OR (aim OR target OR object* OR goal))))
AND Title:(((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature
driven development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming"
OR "test-driven development"
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Continuation of Table A.1.: Search terms of main search
DB Search term

OR "TDD" OR "leanness" OR "lean software development" OR "lean development"
OR "LSD") AND NOT "manufacturing" ) OR ((("agile" OR "agility" OR "extreme
programming" OR "XP" OR "feature driven development" OR "FDD" OR "scrum"
OR "crystal" OR "pair programming" OR "test-driven development" OR "TDD"
OR "leanness" OR "lean software development" OR "lean development" OR "LSD")
AND NOT "manufacturing" ) AND ("large scale" OR "scaling" )) OR ("Crystal
Family" OR "Dynamic Systems Development Method Agile Project Framework
for Scrum" OR "Scrum of Scrums" OR "Enterprise Scrum" OR "Agile Software
Solution Framework" OR "Large-Scale Scrum" OR "Scaled Agile Framework" OR
"Disciplined Agile" OR "Spotify Model" OR "Mega Framework" OR "Enterprise
Agile Delivery and Agile Governance Practice" OR "Recipes for Agile Governance
in the Enterprise" OR "Continuous Agile Framework" OR "Scrum at Scale" OR
"Enterprise Transition Framework" OR "ScALeD Agile Lean Development" OR
"eXponential Simple Continuous Autonomous Learning Ecosystem" OR "Lean
Enterprise Agile Framework" OR "Nexus" OR "FAST Agile")) AND ((measur* OR-
metric* OR "diagnostic" OR monitor* OR quantitative OR "reporting" OR indicator*
OR "performance indicator" OR "KPI") OR (aim OR target OR object* OR goal))))
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Continuation of Table A.1.: Search terms of main search
DB Search term
AISLE abstract:( ((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature

driven development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming"
OR "test-driven development" OR "TDD" OR "leanness" OR "lean software de-
velopment" OR "lean development" OR "LSD") AND NOT "manufacturing" ) OR
((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature driven
development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming" OR "test-
driven development" OR "TDD" OR "leanness" OR "lean software development"
OR "lean development" OR "LSD") AND NOT "manufacturing" ) AND ("large
scale" OR "scaling" )) OR ("Crystal Family" OR "Dynamic Systems Development
Method Agile Project Framework for Scrum" OR "Scrum of Scrums" OR "Enterprise
Scrum" OR "Agile Software Solution Framework" OR "Large-Scale Scrum" OR
"Scaled Agile Framework" OR "Disciplined Agile" OR "Spotify Model" OR "Mega
Framework" OR "Enterprise Agile Delivery and Agile Governance Practice" OR
"Recipes for Agile Governance in the Enterprise" OR "Continuous Agile Frame-
work" OR "Scrum at Scale" OR "Enterprise Transition Framework" OR "ScALeD
Agile Lean Development" OR "eXponential Simple Continuous Autonomous Learn-
ing Ecosystem" OR "Lean Enterprise Agile Framework" OR "Nexus" OR "FAST
Agile")) AND ((measur* OR metric* OR "diagnostic" OR monitor* OR "quantita-
tive" OR indicator* OR "performance indicator" OR "KPI") OR (aim OR target OR
object* OR goal)) ) OR title:( ((("agile" OR "agility" OR "extreme programming"
OR "XP" OR "feature driven development" OR "FDD" OR "scrum" OR "crystal"
OR "pair programming" OR "test-driven development" OR "TDD" OR "leanness"
OR "lean software development" OR "lean development" OR "LSD") AND NOT
"manufacturing" ) OR ((("agile" OR "agility" OR "extreme programming" OR "XP"
OR "feature driven development" OR "FDD" OR "scrum" OR "crystal" OR "pair
programming" OR "test-driven development" OR "TDD" OR "leanness" OR "lean
software development" OR "lean development" OR "LSD") AND NOT "manufac-
turing" ) AND ("large scale" OR "scaling" )) OR ("Crystal Family" OR "Dynamic
Systems Development Method Agile Project Framework for Scrum" OR "Scrum
of Scrums" OR "Enterprise Scrum" OR "Agile Software Solution Framework" OR
"Large-Scale Scrum" OR "Scaled Agile Framework" OR "Disciplined Agile" OR
"Spotify Model" OR "Mega Framework" OR "Enterprise Agile Delivery and Agile
Governance Practice" OR "Recipes for Agile Governance in the Enterprise" OR
"Continuous Agile Framework" OR "Scrum at Scale" OR "Enterprise Transition
Framework" OR "ScALeD Agile Lean Development" OR "eXponential Simple Con-
tinuous Autonomous Learning Ecosystem" OR "Lean Enterprise Agile Framework"
OR "Nexus" OR "FAST Agile")) AND ((measur* OR metric* OR "diagnostic" OR
monitor* OR "quantitative" OR indicator* OR "performance indicator" OR "KPI")
OR (aim OR target OR object* OR goal)) )
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Continuation of Table A.1.: Search terms of main search
DB Search term
Scopus ( ( ( ( ( ( ( ( ( ( TITLE-ABS ( "large scale" ) OR TITLE-ABS ( "scaling" ) ) AND ( ( TITLE-

ABS ( "agile" ) OR TITLE-ABS ( "agility" ) OR TITLE-ABS ( "extreme programming"
) OR TITLE-ABS ( " XP" ) OR TITLE-ABS ( "feature driven development" ) OR
TITLE-ABS ( "FDD" ) OR TITLE-ABS ( "scrum" ) OR TITLE-ABS ( "crystal" ) OR
TITLE-ABS ( "pair programming" ) OR TITLE-ABS ( "test-driven development" ) OR
TITLE-ABS ( "TDD" ) OR TITLE-ABS ( " leanness" ) OR TITLE-ABS ( "lean software
development" ) OR TITLE-ABS ( "lean development" ) OR TITLE-ABS ( "LSD" )
) AND NOT ( TITLE-ABS ( "manufacturing" ) ) ) ) OR ( TITLE-ABS ( "Crystal
Family" ) OR TITLE-ABS ( "Dynamic Systems Development Method Agile Project
Framework for Scrum" ) OR TITLE-ABS ( "Scrum-of-Scrums" ) OR TITLE-ABS (
"Enterprise Scrum" ) OR TITLE-ABS ( "Agile Software Solution Framework" ) OR
TITLE-ABS ( "Large Scale Scrum" ) OR TITLE-ABS ( "Scaled Agile Framework" )
OR TITLE-ABS ( "Disciplined Agile 2.0" ) OR TITLE-ABS ( "Spotify Model" ) OR
TITLE-ABS ( "Mega Framework" ) OR TITLE-ABS ( "Enterprise Agile Delivery and
Agile Governance Practice" ) OR TITLE-ABS ( "Recipes for Agile Governance in
the Enterprise" ) OR TITLE-ABS ( "Continuous Agile Framework" ) OR TITLE-ABS
( "Scrum at Scale" ) OR TITLE-ABS ( "Enterprise Transition Framework" ) OR
TITLE-ABS ( "ScALeD Agile Lean Development" ) OR TITLE-ABS ( "eXponential
Simple Continuous Autonomous Learning Ecosystem" ) OR TITLE-ABS ( "Lean
Enterprise Agile Framework" ) OR TITLE-ABS ( "Nexus" ) OR TITLE-ABS ( "FAST
Agile" ) ) OR ( ( TITLE-ABS ( "agile" ) OR TITLE-ABS ( "agility" ) OR TITLE-ABS (
"extreme programming" ) OR TITLE-ABS ( " XP" ) OR TITLE-ABS ( "feature driven
development" ) OR TITLE-ABS ( "FDD" ) OR TITLE-ABS ( "scrum" ) OR TITLE-ABS
( "crystal" ) OR TITLE-ABS ( "pair programming" ) OR TITLE-ABS ( "test-driven
development" ) OR TITLE-ABS ( "TDD" ) OR TITLE-ABS ( " leanness" ) OR TITLE-
ABS ( "lean software development" ) OR TITLE-ABS ( "lean development" ) OR
TITLE-ABS ( "LSD" ) ) AND NOT ( TITLE-ABS ( "manufacturing" ) ) ) ) AND (
TITLE-ABS-KEY ( measur* ) OR TITLE-ABS-KEY ( metric* ) OR TITLE-ABS-KEY (
"diagnostic" ) OR TITLE-ABS-KEY ( monitor* ) OR TITLE-ABS-KEY ( "quantitative"
) OR TITLE-ABS-KEY ( indicator* ) OR TITLE-ABS-KEY ( "performance indicator" )
OR TITLE-ABS-KEY ( "reporting" ) OR TITLE-ABS-KEY ( "KPI" ) OR KEY ( "aim" )
OR TITLE ( "aim" ) OR KEY ( "target" ) OR TITLE ( "target" ) OR KEY ( object* ) OR
TITLE ( object* ) OR KEY ( "goal" ) OR TITLE ( "goal" ) ) ) ) ) ) ) ) ) AND ( LIMIT-TO
( SUBJAREA , "COMP" ) OR LIMIT-TO ( SUBJAREA , "ENGI" ) OR LIMIT-TO
( SUBJAREA , "MATH" ) OR LIMIT-TO ( SUBJAREA , "MULT" ) OR LIMIT-TO
( SUBJAREA , "BUSI" ) OR LIMIT-TO ( SUBJAREA , "ECON" ) OR LIMIT-TO (
SUBJAREA , "Undefined" ) OR EXCLUDE ( SUBJAREA , "MATE" ) OR EXCLUDE
( SUBJAREA , "PHYS" ) OR EXCLUDE ( SUBJAREA , "CHEM" ) OR EXCLUDE
( SUBJAREA , "CENG" ) OR EXCLUDE ( SUBJAREA , "ENER" ) OR EXCLUDE
( SUBJAREA , "BIOC" ) OR EXCLUDE ( SUBJAREA , "ENVI" ) OR EXCLUDE (
SUBJAREA , "EART" ) OR EXCLUDE ( SUBJAREA , "MEDI" ) OR EXCLUDE (
SUBJAREA , "AGRI" ) OR EXCLUDE ( SUBJAREA , "PHAR" )
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Continuation of Table A.1.: Search terms of main search
DB Search term

OR EXCLUDE ( SUBJAREA , "ARTS" ) OR EXCLUDE ( SUBJAREA , "HEAL" )
OR EXCLUDE ( SUBJAREA , "DENT" ) OR EXCLUDE ( SUBJAREA , "IMMU"
) OR EXCLUDE ( SUBJAREA , "NEUR" ) OR EXCLUDE ( SUBJAREA , "NURS"
) OR EXCLUDE ( SUBJAREA , "VETE" ) ) AND ( LIMIT-TO ( DOCTYPE , "cp"
) OR LIMIT-TO ( DOCTYPE , "ar" ) OR LIMIT-TO ( DOCTYPE , "dp" ) ) AND (
LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO (
PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 ) OR LIMIT-TO ( PUBYEAR ,
2017 ) OR LIMIT-TO ( PUBYEAR , 2016 ) OR LIMIT-TO ( PUBYEAR , 2015 ) OR
LIMIT-TO ( PUBYEAR , 2014 ) OR LIMIT-TO ( PUBYEAR , 2013 ) OR LIMIT-TO (
PUBYEAR , 2012 ) OR LIMIT-TO ( PUBYEAR , 2011 ) OR LIMIT-TO ( PUBYEAR ,
2010 ) OR LIMIT-TO ( PUBYEAR , 2009 ) OR LIMIT-TO ( PUBYEAR , 2008 ) OR
LIMIT-TO ( PUBYEAR , 2007 ) OR LIMIT-TO ( PUBYEAR , 2006 ) OR LIMIT-TO (
PUBYEAR , 2005 ) OR LIMIT-TO ( PUBYEAR , 2004 ) OR LIMIT-TO ( PUBYEAR ,
2003 ) OR LIMIT-TO ( PUBYEAR , 2002 ) OR LIMIT-TO ( PUBYEAR , 2001 ) ) AND
( EXCLUDE ( EXACTSRCTITLE , "Advanced Materials Research" ) OR EXCLUDE (
EXACTSRCTITLE , "Applied Mechanics And Materials" ) OR EXCLUDE ( EXACT-
SRCTITLE , "Conference Record Of The IEEE Photovoltaic Specialists Conference"
) OR EXCLUDE ( EXACTSRCTITLE , "Energy And Buildings" ) OR EXCLUDE (
EXACTSRCTITLE , "2013 Conference On Lasers And Electro Optics Europe And
International Quantum Electronics Conference CLEO Europe IQEC 2013" ) OR
EXCLUDE ( EXACTSRCTITLE , "Conference On Lasers And Electro Optics Europe
Technical Digest" ) OR EXCLUDE ( EXACTSRCTITLE , "ICASSP IEEE Interna-
tional Conference On Acoustics Speech And Signal Processing Proceedings" ) OR
EXCLUDE ( EXACTSRCTITLE , "International Conference On Thermoelectrics
ICT Proceedings" ) OR EXCLUDE ( EXACTSRCTITLE , "OSA Trends In Optics
And Photonics Series" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND (
EXCLUDE ( EXACTKEYWORD , "Liquid Crystals" ) OR EXCLUDE ( EXACTKEY-
WORD , "Crystal Structure" ) OR EXCLUDE ( EXACTKEYWORD , "Single Crystals"
) OR EXCLUDE ( EXACTKEYWORD , "Liquid Crystal Displays" ) OR EXCLUDE
( EXACTKEYWORD , "X Ray Diffraction" ) OR EXCLUDE ( EXACTKEYWORD
, "Crystals" ) OR EXCLUDE ( EXACTKEYWORD , "Quartz" ) OR EXCLUDE (
EXACTKEYWORD , "X Ray Photoelectron Spectroscopy" ) OR EXCLUDE ( EXAC-
TKEYWORD , "Silicon" ) OR EXCLUDE ( EXACTKEYWORD , "Scanning Electron
Microscopy" ) OR EXCLUDE ( EXACTKEYWORD , "Thin Films" ) OR EXCLUDE
( EXACTKEYWORD , "Photonic Crystals" ) OR EXCLUDE ( EXACTKEYWORD ,
"Silicon Wafers" ) OR EXCLUDE ( EXACTKEYWORD , "Crystallization" ) OR EX-
CLUDE ( EXACTKEYWORD , "Heat Transfer" ) OR EXCLUDE ( EXACTKEYWORD
, "Substrates" ) OR EXCLUDE ( EXACTKEYWORD , "Antennas" ) OR EXCLUDE
( EXACTKEYWORD , "Wireless Telecommunication Systems" ) OR EXCLUDE (
EXACTKEYWORD , "Reynolds Number" ) OR EXCLUDE ( EXACTKEYWORD ,
"Cooling" ) OR EXCLUDE ( EXACTKEYWORD , "Crystal Oscillators" )
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Continuation of Table A.1.: Search terms of main search
DB Search term

OR EXCLUDE ( EXACTKEYWORD , "Signal Processing" ) OR EXCLUDE ( EX-
ACTKEYWORD , "Natural Frequencies" ) OR EXCLUDE ( EXACTKEYWORD
, "Crystal" ) OR EXCLUDE ( EXACTKEYWORD , "Crystal Orientation" ) OR
EXCLUDE ( EXACTKEYWORD , "Chemistry" ) OR EXCLUDE ( EXACTKEY-
WORD , "Quartz Crystal Microbalances" ) OR EXCLUDE ( EXACTKEYWORD
, "Temperature" ) OR EXCLUDE ( EXACTKEYWORD , "Crystal Growth" ) OR
EXCLUDE ( EXACTKEYWORD , "Unclassified Drug" ) OR EXCLUDE ( EXAC-
TKEYWORD , "Atomic Force Microscopy" ) OR EXCLUDE ( EXACTKEYWORD
, "Crystallography" ) OR EXCLUDE ( EXACTKEYWORD , "Models, Molecular" )
OR EXCLUDE ( EXACTKEYWORD , "Refractive Index" ) OR EXCLUDE ( EXAC-
TKEYWORD , "X Ray Diffraction Analysis" ) OR EXCLUDE ( EXACTKEYWORD
, "Light Sources" ) OR EXCLUDE ( EXACTKEYWORD , "Heat Transfer Coeffi-
cients" ) OR EXCLUDE ( EXACTKEYWORD , "Gas Turbines" ) OR EXCLUDE (
EXACTKEYWORD , "Transmission Electron Microscopy" ) OR EXCLUDE ( EXAC-
TKEYWORD , "Microstructure" ) OR EXCLUDE ( EXACTKEYWORD , "Optical
Properties" ) OR EXCLUDE ( EXACTKEYWORD , "Crystallography, X-Ray" ) OR
EXCLUDE ( EXACTKEYWORD , "Animals" ) OR EXCLUDE ( EXACTKEYWORD
, "Electric Conductivity" ) OR EXCLUDE ( EXACTKEYWORD , "Electric Fields"
) OR EXCLUDE ( EXACTKEYWORD , "Single Crystal Silicon" ) OR EXCLUDE (
EXACTKEYWORD , "Nanostructured Materials" ) OR EXCLUDE ( EXACTKEY-
WORD , "Nanotechnology" ) OR EXCLUDE ( EXACTKEYWORD , "Microwaves"
) OR EXCLUDE ( EXACTKEYWORD , "Microelectromechanical Devices" ) OR
EXCLUDE ( EXACTKEYWORD , "Nematic Liquid Crystals" ) OR EXCLUDE ( EX-
ACTKEYWORD , "Metabolism" ) OR EXCLUDE ( EXACTKEYWORD , "Powders" )
OR EXCLUDE ( EXACTKEYWORD , "Liquid Crystal Polymers" ) OR EXCLUDE (
EXACTKEYWORD , "Molecular Dynamics" ) OR EXCLUDE ( EXACTKEYWORD ,
"Crystal Resonators" ) OR EXCLUDE ( EXACTKEYWORD , "Turbomachine Blades"
) OR EXCLUDE ( EXACTKEYWORD , "Thermochromic Liquid Crystals" ) OR
EXCLUDE ( EXACTKEYWORD , "Piezoelectricity" ) OR EXCLUDE ( EXACTKEY-
WORD , "Antenna Arrays" ) OR EXCLUDE ( EXACTKEYWORD , "Mechanical
Properties" ) OR EXCLUDE ( EXACTKEYWORD , "Morphology" ) OR EXCLUDE
( EXACTKEYWORD , "Oxide Minerals" ) OR EXCLUDE ( EXACTKEYWORD ,
"Photonic Crystal Fibers" ) OR EXCLUDE ( EXACTKEYWORD , "Energy Gap"
) OR EXCLUDE ( EXACTKEYWORD , "Copper" ) OR EXCLUDE ( EXACTKEY-
WORD , "Spectroscopy" ) OR EXCLUDE ( EXACTKEYWORD , "Millimeter Waves"
) OR EXCLUDE ( EXACTKEYWORD , "X Ray Crystallography" ) OR EXCLUDE (
EXACTKEYWORD , "CMOS Integrated Circuits" ) OR EXCLUDE ( EXACTKEY-
WORD , "Crystalline Materials" ) OR EXCLUDE ( EXACTKEYWORD , "Radar"
) OR EXCLUDE ( EXACTKEYWORD , "Microwave Antennas" ) OR EXCLUDE (
EXACTKEYWORD , "Dielectric Materials" ) OR EXCLUDE ( EXACTKEYWORD
, "Zinc Oxide" ) OR EXCLUDE ( EXACTKEYWORD , "Surface Roughness" ) OR
EXCLUDE ( EXACTKEYWORD , "Optical Fibers" )

77



A. Appendix

Continuation of Table A.1.: Search terms of main search
DB Search term

OR EXCLUDE ( EXACTKEYWORD , "Oxygen" ) OR EXCLUDE ( EXACTKEY-
WORD , "Microstrip Antennas" ) OR EXCLUDE ( EXACTKEYWORD , "MIMO
Systems" ) OR EXCLUDE ( EXACTKEYWORD , "Air Conditioning" ) OR EXCLUDE
( EXACTKEYWORD , "Frequency Division Multiplexing" ) OR EXCLUDE ( EXAC-
TKEYWORD , "Orthogonal Frequency Division Multiplexing" ) OR EXCLUDE (
EXACTKEYWORD , "Signal To Noise Ratio" ) OR EXCLUDE ( EXACTKEYWORD ,
"Time Division Multiplexing" ) OR EXCLUDE ( EXACTKEYWORD , "Frequency
Domain Analysis" ) OR EXCLUDE ( EXACTKEYWORD , "Hardware" ) OR EX-
CLUDE ( EXACTKEYWORD , "Photons" ) OR EXCLUDE ( EXACTKEYWORD ,
"Energy Utilization" ) OR EXCLUDE ( EXACTKEYWORD , "Cameras" ) ) AND
( EXCLUDE ( EXACTSRCTITLE , "Proceedings Of The IEEE Particle Accelerator
Conference" ) OR EXCLUDE ( EXACTSRCTITLE , "Advanced Materials Interfaces"
) OR EXCLUDE ( EXACTSRCTITLE , "Nature" ) OR EXCLUDE ( EXACTSRCTITLE
, "Metrologia" ) OR EXCLUDE ( EXACTSRCTITLE , "Digest Of Papers IEEE Radio
Frequency Integrated Circuits Symposium" ) OR EXCLUDE ( EXACTSRCTITLE ,
"International Archives Of The Photogrammetry Remote Sensing And Spatial Infor-
mation Sciences ISPRS Archives" ) OR EXCLUDE ( EXACTSRCTITLE , "Proceedings
Of The IEEE International Frequency Control Symposium And Exposition" ) OR
EXCLUDE ( EXACTSRCTITLE , "2011 Conference On Lasers And Electro Optics
Europe And 12th European Quantum Electronics Conference CLEO Europe Eqec
2011" ) OR EXCLUDE ( EXACTSRCTITLE , "IEEE Transactions On Dielectrics And
Electrical Insulation" ) OR EXCLUDE ( EXACTSRCTITLE , "Telecommunications
And Radio Engineering English Translation Of Elektrosvyaz And Radiotekhnika"
) OR EXCLUDE ( EXACTSRCTITLE , "IEEE Antennas And Propagation Society
AP S International Symposium Digest" ) OR EXCLUDE ( EXACTSRCTITLE , "Ieej
Transactions On Sensors And Micromachines" ) OR EXCLUDE ( EXACTSRCTITLE
, "International Journal Of Refrigeration" ) OR EXCLUDE ( EXACTSRCTITLE ,
"American Society Of Mechanical Engineers Pressure Vessels And Piping Division
Publication PVP" ) OR EXCLUDE ( EXACTSRCTITLE , "Irmmw Thz 2010 35th
International Conference On Infrared Millimeter And Terahertz Waves Conference
Guide" ) ) AND ( EXCLUDE ( EXACTSRCTITLE , "Ecs Transactions" ) )
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Continuation of Table A.1.: Search terms of main search
DB Search term
Web
of Sci-
ence

(TI=(( ((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature
driven development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming"
OR "test-driven development" OR "TDD" OR "leanness" OR "lean software develop-
ment" OR "lean development" OR "LSD") NOT "manufacturing" ) OR ((("agile" OR
"agility" OR "extreme programming" OR "XP" OR "feature driven development"
OR "FDD" OR "scrum" OR "crystal" OR "pair programming" OR "test-driven de-
velopment" OR "TDD" OR "leanness" OR "lean software development" OR "lean
development" OR "LSD") NOT "manufacturing" ) AND ("large scale" OR "scal-
ing" )) OR ("Crystal Family" OR "Dynamic Systems Development Method Agile
Project Framework for Scrum" OR "Scrum of Scrums" OR "Enterprise Scrum" OR
"Agile Software Solution Framework" OR "Large-Scale Scrum" OR "Scaled Agile
Framework" OR "Disciplined Agile" OR "Spotify Model" OR "Mega Framework"
OR "Enterprise Agile Delivery and Agile Governance Practice" OR "Recipes for
Agile Governance in the Enterprise" OR "Continuous Agile Framework" OR "Scrum
at Scale" OR "Enterprise Transition Framework" OR "ScALeD Agile Lean Develop-
ment" OR "eXponential Simple Continuous Autonomous Learning Ecosystem" OR
"Lean Enterprise Agile Framework" OR "Nexus" OR "FAST Agile")) AND ((measur*
OR metric* OR "diagnostic" OR monitor* OR "quantitative" OR indicator* OR "per-
formance indicator" OR "KPI") OR (aim OR target OR object* OR goal))))) OR AB=((
((("agile" OR "agility" OR "extreme programming" OR "XP" OR "feature driven
development" OR "FDD" OR "scrum" OR "crystal" OR "pair programming" OR "test-
driven development" OR "TDD" OR "leanness" OR "lean software development" OR
"lean development" OR "LSD") NOT "manufacturing" ) OR ((("agile" OR "agility"
OR "extreme programming" OR "XP" OR "feature driven development" OR "FDD"
OR "scrum" OR "crystal" OR "pair programming" OR "test-driven development"
OR "TDD" OR "leanness" OR "lean software development" OR "lean development"
OR "LSD") NOT "manufacturing" ) AND ("large scale" OR "scaling" )) OR ("Crystal
Family" OR "Dynamic Systems Development Method Agile Project Framework for
Scrum" OR "Scrum of Scrums" OR "Enterprise Scrum" OR "Agile Software Solution
Framework" OR "Large-Scale Scrum" OR "Scaled Agile Framework" OR "Disci-
plined Agile" OR "Spotify Model" OR "Mega Framework" OR "Enterprise Agile
Delivery and Agile Governance Practice" OR "Recipes for Agile Governance in the
Enterprise" OR "Continuous Agile Framework" OR "Scrum at Scale" OR "Enterprise
Transition Framework" OR "ScALeD Agile Lean Development" OR "eXponential
Simple Continuous Autonomous Learning Ecosystem" OR "Lean Enterprise Agile
Framework" OR "Nexus" OR "FAST Agile")) AND ((measur* OR metric* OR "diag-
nostic" OR monitor* OR "quantitative" OR indicator* OR "performance indicator"
OR "KPI"))))
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Continuation of Table A.1.: Search terms of main search
DB Search term
IEEE ((((((("Document Title":agile OR "Abstract":agile OR "Document Title":agility

OR "Abstract":agility OR "Document Title":"extreme programming" OR "Ab-
stract":"extreme programming" OR "Document Title":XP OR "Abstract":XP OR
"Document Title":"feature driven development" OR "Abstract":"feature driven devel-
opment" OR "Document Title":FDD OR "Abstract":FDD OR "Document Title":scrum
OR "Abstract":scrum OR "Document Title":crystal OR "Abstract":crystal OR "Doc-
ument Title":"pair programming" OR "Abstract":"pair programming" OR "Docu-
ment Title":"test-driven development" OR "Abstract":"test-driven development"
OR "Document Title":TDD OR "Abstract":TDD OR "Document Title":leanness OR
"Abstract":leanness OR "Document Title":"lean software development" OR "Ab-
stract":"lean software development" OR "Document Title":"lean development" OR
"Abstract":"lean development" OR "Document Title":LSD OR "Abstract":LSD) NOT
manufacturing) AND ("large scale" OR scaling)) AND ( "Document Title":metric*
OR "Abstract":metric* OR "Document Title":diagnostic OR "Abstract":diagnostic
OR "Document Title":quantitative* OR "Abstract":quantitative* OR "Document
Title":indicator* OR "Abstract":indicator* OR "Document Title":"performance indica-
tor" OR "Abstract":"performance indicator" OR "Document Title":"reporting" OR
"Abstract":"reporting" OR "Document Title":KPI OR "Abstract":KPI OR "Document
Title":target OR "Author Keywords":target OR "Document Title":objective OR "Au-
thor Keywords":objective OR "Document Title":goal OR "Author Keywords":goal)))))
OR (((((("Document Title":agile OR "Abstract":agile OR "Document Title":agility
OR "Abstract":agility OR "Document Title":"extreme programming" OR "Ab-
stract":"extreme programming" OR "Document Title":XP OR "Abstract":XP OR
"Document Title":"feature driven development" OR "Abstract":"feature driven de-
velopment" OR "Document Title":FDD OR "Abstract":FDD OR "Document Ti-
tle":scrum OR "Abstract":scrum OR "Document Title":crystal OR "Abstract":crystal
OR "Document Title":"pair programming" OR "Abstract":"pair programming"
OR "Document Title":"test-driven development" OR "Abstract":"test-driven de-
velopment" OR "Document Title":TDD OR "Abstract":TDD OR "Document Ti-
tle":leanness OR "Abstract":leanness OR "Document Title":"lean software devel-
opment" OR "Abstract":"lean software development" OR "Document Title":"lean
development" OR "Abstract":"lean development" OR "Document Title":LSD OR
"Abstract":LSD) NOT manufacturing)) AND ( "Document Title":metric* OR "Ab-
stract":metric* OR "Document Title":diagnostic OR "Abstract":diagnostic OR
"Document Title":quantitative* OR "Abstract":quantitative* OR "Document Ti-
tle":indicator* OR "Abstract":indicator* OR "Document Title":"performance indica-
tor" OR "Abstract":"performance indicator" OR "Document Title":"reporting" OR
"Abstract":"reporting" OR "Document Title":KPI OR "Abstract":KPI OR "Document
Title":target OR "Author Keywords":target OR "Document Title":objective OR "Au-
thor Keywords":objective OR "Document Title":goal OR "Author Keywords":goal))))
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Continuation of Table A.1.: Search terms of main search
DB Search term

OR ((("Crystal Family" OR "Dynamic Systems Development Method Agile Project
Framework for Scrum" OR "Scrum of Scrums" OR "Enterprise Scrum" OR "Ag-
ile Software Solution Framework" OR "Large-Scale Scrum" OR "Scaled Agile
Framework" OR "Disciplined Agile" OR "Spotify Model" OR "Mega Framework"
OR "Enterprise Agile Delivery and Agile Governance Practice" OR "Recipes
for Agile Governance in the Enterprise" OR "Continuous Agile Framework"
OR "Scrum at Scale" OR "Enterprise Transition Framework" OR "ScALeD Ag-
ile Lean Development" OR "eXponential Simple Continuous Autonomous Learn-
ing Ecosystem" OR "Lean Enterprise Agile Framework" OR "Nexus" OR "FAST
Agile") AND ( "Document Title":metric* OR "Abstract":metric* OR "Document
Title":diagnostic OR "Abstract":diagnostic OR "Document Title":quantitative* OR
"Abstract":quantitative* OR "Document Title":indicator* OR "Abstract":indicator*
OR "Document Title":"performance indicator" OR "Abstract":"performance in-
dicator" OR "Document Title":"reporting" OR "Abstract":"reporting" OR "Docu-
ment Title":KPI OR "Abstract":KPI OR "Document Title":target OR "Author Key-
words":target OR "Document Title":objective OR "Author Keywords":objective OR
"Document Title":goal OR "Author Keywords":goal)))

Table A.1.: Search terms of main search

A.2. Context of primary sources
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A. Appendix

A.3. Organizational level measured

Distribution of metrics across organizational levels
Measurement level Metrics
Enterprise Enterprise Story Points (1), Velocity (1), Operations velocity (1), cycle

time (1), build status monitor (1), efficiency regarding cost (1)
Portfolio Return on investment (ROI) (4), Net Promoter Score (NPS) (4), applica-

tion downtime (2), customer satisfaction (2), customer Experience Index
(1), velocity (1), stakeholder happiness (1), business value delivered (1),
investment allocation report (1), results coming period (1), portfolio
wall (1), cycle time (1), results past period (1), defect count (1), sales (1),
dependency visualization (1), structural quality (1), estimation accuracy
(1), # of active users (1), generated income (1)
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A. Appendix

Continuation of Table A.3.: Distribution of metrics across organizational levels
Measurement level Metrics
Program Defect count (18), # of tests (8), code coverage (8), estimation accuracy

(7), lines of code (LOC) (5), lead time (5), # of closed defects (5), tech-
nical Debt (5), velocity (5), # of completed tasks (4), churn (4), project
highlights (3), throughput (3), task board (3), # of passed tests (3),
test review yields (3), integration status (2), dependency visualization
(2), sprint burndown chart (2), # of tests planned (2), Execution time
per test case (2), % of estimations under the threshold of accuracy
(2),LOC for refactoring (2), amount of code documentation (2), defect
distribution (2), build time (2), # of defects found by customer (2),
burndown chart (2), individual effectiveness (2),burnup chart (2), #
of failed tests (2), complexity (2), ratings and satisfaction scores (2),
customer satisfaction (2), story points (2), # of Contributor/Developer
(2), time to fix defects (2), % of files without critical/blocker quality
rules (1), overall effort estimated (1), # of features integrated (1), % of
passed tests (1), results coming period (1), business value delivered
(1), bug priority distribution (1), # of memory leaks (1), mean time to
failure (1), code commits/broken builds (1), build throughput (1), #
of iterations in the code review phase for a commit (1), scope change
report (1), % of specifications delivered on time (1), task queue time (1),
cost/profit analysis (1), build interval (1), cumulative Flow Diagram (1),
build performance (1), customer experience index (1), milestone success
(1), actual hours of team on ideal capacity (1), project dashboard (1),
customer service request (CSR) handling performance indicator (1),
requirement coverage over time (1), cycle time (1), return on investment
(ROI) (1), % of automated tests (1), # of Unit test errors (1), defect den-
sity (1), # of tasks planned but not integrated (1), application downtime
(1), burndown ratio (1), defect size (1), integration speed (1), deferred
defects (1), build lead time (1), delta cost (DC) (1), list of contributors (1),
average throughput time in a comment from reviewers (1), maintenance
effort (1), test automation ratio (1), mean time to restore service (1),
test rig availability (1), Net Promoter Score (NPS) (1), # of tasks added
during the sprint (1), overdue percentage (1), # of builds (1), # of tasks
in-progress at the end of the sprint (1), turnover (1), release burndown
chart (1), effort to take technical debt to zero (1), requirements waste
and change requests (1),

95



A. Appendix

Continuation of Table A.3.: Distribution of metrics across organizational levels
Measurement level Metrics

epic progress report (1), results past period (1), epic status (1), sales
(1), binary file size (1), self-assessments of continuous improvement
(1), estimation per story point (1), status of release steps per sprint (1),
binary status of tool availability (1), system response time (1), feedback
time (1), task completion time (1), files per user story (1), # of function
points implemented (1), fix time of failed builds (1), generated income
(1), user stories delivered (1), testing stability of a project (1), virtual
actual hour cost (VAHC) (1), time between the designer’s readiness
of model and model’s release (1), volatility Index (1), top contributors
based on LOC (1), # of broken builds (1), # of GDI leaks (1), effort
per use case point (1), drag Factor trend (1), virtual planned hour cost
(VPHC) (1), duplicated code (1), waste (1), duration of impediments (1),
earned business value (1)
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A. Appendix

Continuation of Table A.3.: Distribution of metrics across organizational levels
Measurement level Metrics
Team Velocity (41), defect count (38), estimation accuracy (21), complexity

(21), code coverage (19), time to fix defects (18), burndown chart (16),
lines of code (LOC) (12), deferred defects (11), # of tests (11), cycle time
(11), defect density (11), Net Promoter Score (NPS) (8), task distribution
8, # of completed tasks (8), # of closed defects (7), task completion time
(6), team satisfaction (6), availiable capacity (6), cost (6) # of granted
patents (6), Cost (6), Business value delivered (5), Return on investment
(ROI) (5), Amount of code documentation (5), Defect distribution (5),
# of passed tests (5), Customer satisfaction (5), # of failed tests (4), #
of reopened defects (4), Story points (4), Duplicated code (4), Lead
time (4), Work in progress (3), Technical Debt (3), % of passed tests
(3), Burnup chart (3), # of patents applications (3), # of tasks added
during the sprint (3), # of collected ideas from key stakeholders (3),
Cumulative Flow Diagram (3), Defect identification performance (3), #
of blocking WIP (2), Functional capacity evaluation (2), # of generated
ideas by the team (2), % of features delivered on time (2), Pulse metric
(2), % of finished scope (2), Definition of done (2), % of impediments (2),
# of completed feature specifications (2), % of specifications delivered
on time (2), # of tasks in-progress at the end of the sprint (2), % of
tasks completed (2), Remaining effort (2), Bucket- and fix-it list (2),
Time for unforseen complexity (2), # of iterations in the code review
phase for a commit (2), Downtime ratio (2), # of builds (2), Early Signal
Testing Scorecard (ESTS) (2), Consumer feedback (2), Function points
(2), Contribution chart (2), Instrumented Scorecard (2), # of defects
older than a treshold (2), # of completed function points / story points
(2), Cost adherence (2), Release burndown chart (2), "Cost Performance
Index (CPI)" (2), System response time (2), # of ready tasks (2), # of Unit
test errors (2), # of defects found by customer (2), User performance
(2), # of commits (2), Velocity of elaboration of features (2), Commit
Response Performance (1), Schedule performance index (SPI) (1), Non-
issue component commits (1), Commit review speed (1), Code reliability
(1), Commit size (1), # of broken builds (1), Commitment Index (1), #
of meetings (1), # of changes in the development enrivonment (tools)
(1), Targeted value increase (1), Consistency of Relative Estimation (1),
Time between events (1), % of releases delivered on time (1), Build
performance (1), % of errors identified after sprint review (1), Mean
time to failure (1), Control chart (1), Performance in Lines of code
(1), Core component commits (1), Resolved Issues’ Throughput (1),
Correlation between Story Point and Actual Effort (1), Sprint readiness
(1), % of files without critical/blocker quality rules (1), Task status
(1), Actual effort spend on product (1), Test review yiels (1), Cost of
unplanned changes (1),
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A. Appendix

Continuation of Table A.3.: Distribution of metrics across organizational levels
Measurement level Metrics

Time spent for change based on client feedback (1), # of estimated tasks
(1), Ideal hours / Story points (1), # of fast tests (1), Landing zone
story (1), Customer involvement (1), LOC/File (1), Amount of rework
(1), # of tasks reopened (1), Customer value (1), Open defect severity
index (1), # of released defects (1), % of fast test builds (1), Cycle-time
(1), Requirement clarity index (1), Daily build pass through time (1), #
of tasks tested (1), Defect classification (1), Spend per AFP (funciton
point) (1), # of releases delivered on time (1), # of tasks that are pending
tests (1), Defect count during design review (1), Code maintainability
(1), Defect count/Burnup (1), Task-type in a timeframe (1), Velocity vs
Unplanned Effort Rate (1), # of violations regarding component calls
(1), # of remaining tasks (1), Testing stability of a project (1), Thumbs-up
Rule (1), Time needed for deployments (1), Defect density per release
(1), Total effort spent in testing (1), Defect detection percentage (DDP)
(1), Ideal Days (1), # of function points implemented (1), Innovation
Rate (1), Amount of users (1), Integration speed (1), defect removal
efficiency (1), Build status monitor (1), Defects found in peer review
(1), LOC removed in refactoring (1), Application server capacity (1),
Mainline breakage (1), Automation speed (1), Milestone success (1),
Delivery on time (1), Non-compliance Index (1), Delivery time and
deadlines to achieve value (1), Number feedbacks provided by testers
to developers on the same issue (1), Dependency visualization (1), Pain
index (1), Developer-testser communication cycle (1), Pomodoro (1), #
of iterations in the code review phase (1), Real invested effort of an
issue/story point (1), Average usage days vs User count (1), Churn (1),
Backlog (1), Requirement readiness (1), Effort remaining (1), Resolved
tasks throughput (1), Effort spend (1), RUF metrics (Reliability, usability
and Functionality (1), # of critical defects (1), Software defect removal
efficiency (1), % of automated tests (1), Sprint burndown chart (1),
Employee interaction (1), Sprint report (1), End user feedback (1), # of
generated ideas from/based on third party (1), Epic burndown chart
(1), Task board (1), Epic progress report (1), # of tests planned (1),
Backlog map (1), Tasks finished flow comparison (1), Estimation per
story point (1), Team effectiveness (1), Execution time per test case
(1), Team status (1), Feature and epic progress (1), Test automation
ratio (1), Feature backlog (1), Test-Growth-Ratio (1), Fix time of failed
builds (1), Throughput (1), Flow efficiency (1), Code security (1), Focus
factor (1), Time needed for non-implementation (1), Forecast horizon
(1), % of adopted work (1), Blocked issues chart (1), TQI Score (1),
% of estimations under the treshold of accuracy (1), Commit Review
Performance (1), Hardware (1), Effort spend for quality activities (1),
Employee experience (1), Working software delivery success rate (1),
Defect density after internal delivery (1), Defect density in daily build
(1), 98



A. Appendix

Continuation of Table A.3.: Distribution of metrics across organizational levels
Measurement level Metrics
Individual Available capacity (3), individual effort remaining (1), individual effec-

tiveness (1), developer reputation (1), time to fix defects (1), employee
cost (1)

Table A.3.: Distribution of metrics across organizational levels

A.4. Definition of metrics
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