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Abstract

Rapid changes in technology, markets, and customer needs force organizations to respond
fast to remain competitive. In today’s digitally-driven world, especially software development
has been affected by these emerging requirements. The resulting demand for agility gave rise
to the success of agile software development, which has lastingly coined existing software
development practices. Inspired by the success of agile methods on a small scale, large
organizations have started to apply agile methods in a larger context, known as large-scale
agile software development. However, the arising complexity of adopting agile practices
at scale can cause various challenges. One example is the monitoring, coordination, and
steering of the multi-layered development process. Metrics and the benefits they yield can
support organizations in mastering these challenges of adopting large-scale agile software
development and can be the basis of continuous improvement. Still, introducing and suc-
cessfully using metrics in this context is a challenging endeavor itself. Besides integrating
metrics into the complex, individual structure of scaled agile environments, metrics involve
several general pitfalls, such as their dependency on data quality. Despite the central role of
metrics in traditional software development contexts and their relevance in agile software de-
velopment, research investigating metrics in industrial large-scale agile software development
and related advice in literature is still scarce. However, due to the challenges and lacking
experience regarding metrics for agile software development in large organizations, there is a
need for guidance. To fill this gap, this thesis provides a metric catalog for the domain of
large-scale agile software development, containing a structured collection of metrics used in
industry. Therefore, this thesis first analyzes existing research on metrics in large-scale agile
software development, followed by a presentation of the results of an interview study with
experts from different organizations on the usage of metrics in the industry. Then, the thesis
introduces a metric management fact sheet and a metric catalog for the domain of scaled agile
software development, which documents metrics identified in the study with the designed
fact sheet, both aiming to support organizations in establishing metrics. Subsequently, these
two solution artifacts of this thesis are evaluated through surveys with 14 participants who
also took part in the interview study. Finally, the key findings are summarized, and an
outlook on possible further research is provided. The results indicate a high approval of the
designed artifacts and a strong need for context-specific guidance regarding the establishment
of metrics in large-scale agile software development.
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1. Introduction

The first section of this chapter explains the relevance of the topic of this thesis. Afterwards,
the research objectives and questions are introduced (Section 1.2). The research methodology
applied to answer those research questions is demonstrated in Section 1.3. Finally, an outline
of this thesis is presented (Section 1.4).

1.1. Motivation

Nowadays, rapid changes in technology, markets, regulations, and customer needs increas-
ingly force organizations to respond and act fast to remain competitive [1, 2]. In a world
of digital business, in which IT is ubiquitous in all organizational functions and often a
source for competitive advantage [2, 3], software development in particular is affected by
the emerging requirements [4]. Facing the resulting demand for agility, traditional soft-
ware development is increasingly reaching its limits [4, 5], as its severe weaknesses, such
as infrequent releases, large increments, lacking customer feedback, and rigid processes,
restrict organizations drastically [6, 7]. These shortcomings gave rise to the success of ag-
ile software development [6, 7], which, since the creation of the agile manifesto in 2001,
has lastingly changed and coined existing software development practices [8, 9]. By now,
agile methods and frameworks, like Scrum [10], Kanban [11] and Extreme Programming
(XP) [12], have been widely adopted [13, 14, 15]. The potential benefits of agile practices
concerning increased flexibility, reactivity to changing customer demands, and resilience
in changing environments are uncontroversial [16, 14]. Inspired by the success of agile
methods on a small scale, more and more large organizations have started to apply agile
practices in a larger context [17, 14, 18]. This approach, known as large-scale agile software
development [19, 20], can refer to settings in which multiple teams are involved in developing
an integrated software product [20, 21], but also covers the implementation of agile meth-
ods and principles across a whole organization, including higher organizational levels [20, 21].

Several large-scale agile practices and frameworks, such as the Scaled Agile Framework (SAFe)
[22], and Large Enterprise Scrum (LeSS) [23], have been developed to support organizations
[24] in addressing the challenges and the complexity of applying agile approaches at scale
[25, 17]. These challenges involve coordinating multiple teams and stakeholders [26, 17, 27],
building trust, and communicating with all concerned parties [17, 27, 28]. Keeping track
and monitoring each program, project, and all teams involved in the software development
process to identify and resolve risks and problems early can be challenging as well [28].
Another common difficulty is ensuring and monitoring the software products’ quality, which
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1. Introduction

can be affected by breaking down requirements of complex products for the development
among multiple teams [17].

As using metrics can result in a wide range of benefits, they have played an essential role in
software development for a long time [29]. Besides measuring the quality and attributes of
the software product itself [30], measuring the development process can be beneficial, as the
quality of the development process influences the resulting software product’s quality signif-
icantly [31, 32, 33, 30]. Software process measurements not only allow to monitor, control,
assess, manage, and improve it [34, 35], but help identify problems and risks early, support
communication, and enable fact-based planning, estimating decisions, and optimization [35].
Given all those aspects, metrics contribute to improving the overall productivity, efficiency,
speed, and quality of delivering software [36, 34]. At present, many organizations and projects
apply metrics in agile software development [14]. Aspects such as customer satisfaction and
business value are measured to determine and verify the success of agile transformations
[14]. Organizations use metrics for performance evaluation within individual projects [14, 37],
focusing on factors like delivery speed, performance, quality [37], stability, and predictability
[38]. Furthermore, performance measurement can serve as a tool to support agile practices
[39] and learning [40]. Consequently, also large-scale agile software development can profit
from the usage of metrics and the benefits they yield, as they help to address the mentioned
challenges and arising complexity [28, 26, 40, 41] like the coordination of a multi-layered
development process [28]. Thus, metrics are able to support the successful adoption and a
thriving operation of agile methods in large organizations [28, 26, 40, 41].

Still, introducing and successfully using metrics in large-scale agile software development
is a challenging endeavor itself [40]. One issue is to connect agile practices with corporate
governance, which requires finding an appropriate balance between "freedom and reduced
overhead" and "improved measurement and predictability" [26]. Many organizations struggle
with efficiently using metrics [40]. The related challenges involve reducing fragmented
project-specific data and measurement [14], connecting metrics on different organizational
levels while considering the level-specific, varied requirements and the appropriate metrics
scaling [40]. A large amount of influencing factors, demands on skills and infrastructure, and
lacking guidance, also make efficient measurement complicated [40]. Next to those large-scale
specific challenges, implementing metrics in general involves several pitfalls [42]. Lacking
credibility of measurements due to insufficient data quality [43], misunderstandings, and
misinterpretations are common [43, 44]. Reasons are highly abstract metric descriptions [43],
inappropriate definitions [42, 45], missing common terminology among stakeholders, and
inconsistent documentation [43, 44]. In addition, some organizations tend to use irrelevant or
invalid metrics to achieve good measurement results [46, 47]. Another risk results from con-
necting the achievement of metrics to a financial reward or punishment, driving responsible
persons to only focus on achieving specific target values, often accompanied by unreasonable
behavior [46, 48].

2



1. Introduction

With the increasing popularity of large-scale agile software development in the industry,
scientific research in this area has begun to emerge. Researchers have conducted different case
studies [19, 49], there have been investigations into general success factors [17], challenges
[17, 50], patterns, principles [20] and coordination [51, 52]. Despite the relevance of metrics
in traditional software development contexts [36, 29] and their central role in agile software
development [38, 53], research investigating metrics in scaled agile environments and related
advice in literature is still scarce [20, 50]. Even though many large-scale agile frameworks such
as Enterprise Scrum [54, 55] and Scrum@Scale [55] address the topic of metrics and highlight
their relevance, the majority of large-scale agile frameworks provide limited guidance related
to measurements and metrics. Mainly Disciplined Agile Delivery (DAD) [56], Recipes for
Agile Governance (RAGE) [57] and especially SAFe [58] cover metrics to a greater extent,
also on different organizational scaling levels. However, due to the challenges and lacking
experience in introducing and managing metrics for agile software development in large
organizations [40], there is a need for guidance [40, 41, 50]. Likewise, Radjenovíc highlights
the need for more studies in large industrial contexts to identify metrics relevant to the
industry and understand which metrics are suitable for a given context [59]. By investigating
the use of metrics in large-scale agile software development and the design of a metric
catalog as well as a metric management fact sheet for this domain, the results of this master’s
thesis are a first step towards filling this gap by providing organizations with support for a
successful selection, implementation, and context-specific adaption of metrics in the domain
of large-scale agile software development.

1.2. Research questions

In order to enable support for organizations in establishing metrics for the domain of large-
scale agile software development, the overall research objective is divided into the following
four research questions:

Research question 1: Which metrics and goals do practitioners use in large-scale
agile software development?

Since existing literature claims the need for more research in large industrial contexts to iden-
tify metrics relevant to the industry [59], the first research question revolves around the use
of metrics in large-scale agile software development in the industry. Therefore, an interview
study with 20 participants of eleven organizations is conducted to investigate the usage of
metrics in scaled agile software development environments. Due to the relevant connection
of goals and metrics [60], the study also focuses on identifying goals that organizations aim
to support with metrics. The resulting collection of metrics and related goals serves as the
substantive basis for the designed metric catalog.

Research question 2: What are the reasons, benefits, disadvantages, and challenges
of using and implementing metrics in large-scale agile software development?

3



1. Introduction

To obtain a comprehensive understanding and gain insights into the usage of metrics in
large-scale agile software development, the second research question addresses reasons,
benefits, disadvantages, and challenges regarding metrics in this context. Thus, one objective
of the interview study of this thesis is to investigate the mentioned aspects of using and
implementing metrics. The findings are also intended to enhance the design of the metric
catalog with practical insights on how to support organizations best based on their needs and
problems.

Research question 3: How can a generic and minimalistic metric management fact
sheet for the domain of large-scale agile software development be designed?

Metric management fact sheets (MMFS) are proven to be a crucial element of the metric
management process in related fields [61, 62, 63]. A defined and structured description form
can provide support to minimize metric-related risks, help ensuring to consider all relevant
aspects of a metric, and, in this way, contribute to taking advantage of the full potential of
metrics [61, 63, 64]. Therefore, a generic MMFS for the domain of large-scale agile software
development, ensuring a thorough but minimal metric description, serving as the structural
foundation of the metric catalog is designed. For this purpose, existing literature on the
establishment and documentation of metrics, especially in the field of large-scale, agile, and
traditional software development, is analyzed. Findings of an interview study on metrics in
large-scale agile software development within the industry enrich the insights identified in
the literature from a practical point of view.

Research question 4: How can a structured collection of metrics help organizations
execute large-scale agile software projects?

Existing guidance from literature for the implementation of metrics in large-scale agile
software development is scarce [20, 50]. Moreover, research agrees on the high potential of
documenting metric best practices in a structured way [64]. Reinforced by the need for the
establishment of best practices in large-scale agile software development [50], the last research
question focuses on the development of structured documentation of the metrics identified
with the interview study, using the previously developed MMFS for the domain of large-scale
agile software development and providing supporting navigational aids. Finally, the designed
metric catalog is evaluated through a survey by 14 experts.

1.3. Research approach

The following part provides an overview of the research methodology applied within this
thesis.

This thesis employs two research approaches: the design science approach [65] and an expert
interview study in information systems research [66, 67]. The design science approach in
the field of information systems research, which is the central approach of this thesis, was
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1. Introduction

introduced by Hevner et al. [65] and enhanced with a proposed process to conduct design
science research by Peffers et al. [68]. The approach focuses on creating and evaluating novel,
innovative artifacts within a problem domain to resolve existing organizational problems.
In the context of this thesis, this concept is the foundation for the systematic design of a
metric catalog for large-scale agile software development, providing a structured overview
of established metric best practices in the industry and allowing an organization-specific
adaption of metrics. In detail, the two resulting solution artifacts of this thesis are:

(i) a structured documentation template for metrics in the domain of large-scale agile
software development in form of a MMFS

(ii) a metric catalog for the domain of large-scale agile software development, containing
best practices in the industry using the previously developed MMFS

This thesis comprises an interview study with experts in the industry as part of the design
science approach. In contrast to the original proceeding by Hevner et al. [65], who proposes
using approaches such as a case or field study for the evaluation of the designed artifact,
the interview study of this thesis is integrated into several elements of the design science
approach. According to the categorization for interviews by Fontana, Frey, et al. [69], the
interviews conducted are of semi-structured nature. Detailed information regarding the
interviews is part of Chapter 4. The applied approach of an interview study in information
system science is based on the insights of Seaman [67] and Myers and Newman [66], who
provide guidelines for researchers in the area of information systems research and the analysis
and coding, concepts for qualitative research proposed by Saldaña [70] and Miles et al. [71].
The evaluation of the designed artifacts is performed by an expert evaluation according to
Peffers et al. [72] using a survey. Figure 1.1 illustrates the overall research approach, based on
Hevner et al. [65], Peffers et al. [68][72], Myers and Newman [66], Seaman [67], Miles et al.
[71] and Saldaña [70] adapted to the research context of this thesis, providing an overview
of how the chapters of this thesis are linked to the steps of the design science process. The
aim of combining these research approaches is to ensure an appropriate balance between the
achievement of relevance for research and generalizability of results as well as guaranteeing
importance and practical applicability. While the expert interviews ensure practical relevance,
literature review and related work contribute applicable knowledge to ensure the research’s
rigor.

1.4. Structure of the thesis

The remainder of this master’s thesis is structured as follows: Chapter 2 introduces relevant
theoretical foundations such as agile software development, large-scale agile software de-
velopment, and metrics, in particular in agile and large-scale agile software development
contexts. The third chapter (Chapter 3) presents relevant related publications, focusing on the
establishment of metrics and metric best practices in agile software development, large-scale
agile software development and related disciplines. In Chapter 4, the findings of the interview
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1. Introduction

study are presented. The resulting design artifacts of this thesis, the MMFS and the metric
catalog for large-scale agile software development, are presented in Chapter 5 and 6. As part
of Chapter 7, the evaluation results of the solution artifacts are demonstrated. Chapter 8
illustrates the key findings and limitations of this master’s thesis. In Chapter 9, this thesis is
concluded with a summary of the results as well as remarks for further investigations.

Design and development

Foundations & 
related work

Knowledge Base

Applicable
Knowledge

Environment

Business 
Needs

Interview study
(Miles 2018, Myers 2007, 

Saldaña 2021, Seaman 1999)

Expert evaluation
- survey

(Peffers et al. 2012)

Application in the appropriate
environment

Additions to the knowledge
base

Design Science Research
(Hevner et al. 2004, Peffers et al. 2007)

Chapter 5 & 6

Relevance Rigor
Problem identification and motivation

Communication

Demonstration

Evaluation

Objectives of a solution

D
ev

el
op

an
d 

bu
ild

Justify
and evaluate

Chapter 7

Chapter 8 & 9

Chapter 2 & 3

Chapter 4

Chapter 1

20 semi-structured
expert interviews

Artifact 1: 
Metric management

fact sheet

Artifact 2: 
Metric catalog

Figure 1.1.: Overview of the research approach and chapters of this thesis

6



2. Foundations

This chapter describes the theoretical foundations, which are relevant to establish a common
understanding of the terms and concepts used within this thesis. The following sections
provide an overview on the topics agile software development (Section 2.1), large-scale agile
software development (Section 2.2), metric fundamentals (Section 2.3) and metrics in software
development (Section 2.4). Finally, the Sections 2.5 and 2.6 give an outline on metrics in agile
and large-scale agile software development.

2.1. Agile software development

Rapid changes in technology, markets, regulations, and customer needs require organizations
to react fast to remain competitive [1, 2]. In particular, software development has been
affected by the emerging demands for agility [4]. As traditional software development and
its weaknesses like rigid processes restrict organizations’ agility heavily, many organizations
have adopted agile software development methods [6, 7], originating from the core values
and principles defined in the Agile Manifesto [73]. By now, several agile approaches have
been introduced and adopted in industry [15]. The most common methods are Scrum and
ScrumBan [14], a combination of Scrum and Kanban [74, 75, 76]. This section describes
the agile manifesto, its principles, and its values to create a shared understanding of agile
software development. Subsequently, Scrum, Kanban, ScrumBan, the current state, and
criticism of agile software development are presented.

2.1.1. Manifesto for agile software development

In 2001, a group of twelve people, naming themselves The Agile Alliance, came together to
find "an alternative to documentation driven, heavyweight software development processes"
[73]. The result was the "Manifesto for Agile Software Development" consisting of twelve
principles (see Table 2.1) and four central values aiming to contribute to increased agility
within software development, methodologies, and organizations [73]. These four values are
listed below. Although the focus is on the items listed on the left, the ones on the right still
provide value [73]:

• Individuals and interactions over processes and tools

• Working software over comprehensive documentation

• Customer collaboration over contract negotiation

• Responding to change over following a plan

7



2. Foundations

Principles
P1 Our highest priority is to satisfy the customer through early and continuous delivery

of valuable software.
P2 Welcome changing requirements, even late in development. Agile processes harness

change for the customer’s competitive advantage.
P3 Business people and developers must work together daily throughout the project.
P4 Build projects around motivated individuals. Give them the environment and

support they need, and trust them to get the job done.
P5 The most efficient and effective method of conveying information to and within a

development team is face-to-face conversation.
P6 Our highest priority is to satisfy the customer through early and continuous delivery

of valuable software.
P7 Working software is the primary measure of progress.
P8 Agile processes promote sustainable development. The sponsors, developers, and

users should be able to maintain a constant pace indefinitely.
P9 Continuous attention to technical excellence and good design enhances agility.
P10 Simplicity–the art of maximizing the amount of work not done–is essential.
P11 The best architectures, requirements, and designs emerge from self-organizing teams.
P12 At regular intervals, the team reflects on how to become more effective, then tunes

and adjusts its behavior accordingly.

Table 2.1.: Twelve principles behind the agile manifesto by Beck et al. [73]

According to Dingsøyr et al. [8] the main characteristics of agile methods can be summarized
by their focus on tolerance of change, evolutionary delivery, and involving end-users actively
[8]. Agile methods are characterized by short, iterative life cycles, quick and frequent customer
feedback and continuous learning [77].

2.1.2. The Scrum framework

Schwaber and Sutherland [78] define Scrum as a "lightweight framework that helps people,
teams and organizations generate value through adaptive solutions for complex problems".
The framework is based on empiricism, highlighting that knowledge results from experience
and decisions are made based on observations [78]. Scrum builds upon lean thinking,
intending to reduce waste and focus on the essentials [78]. To optimize predictability and
control risk, Scrum uses an iterative, incremental approach by structuring its development
cycle into Sprints [78]. The main elements of Scrum are its roles, events and artifacts [78].

Scrum roles

The central unit of Scrum is a Scrum Team, a cross-functional, self-managing, small team of
typically up to ten people, consisting of a Scrum Master (SM), a Product Owner (PO), and
Developers [78]. Developers are responsible for developing a usable Increment within each
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Sprint and are accountable for creating a Sprint plan, the Sprint Backlog, and ensure quality by
adhering to a Definition of Done (DoD) [78]. The PO is responsible for maximizing the value of
the product created by the Scrum Team, for developing and communicating the Product Goal,
managing the Product Backlog items, and ensuring the items are transparent and understood
[78]. The SM is accountable for establishing Scrum by promoting its understanding within the
Scrum Team and the whole organization [78]. The SM supports the Developers by reducing
impediments, advises the PO, coaches the organization in its Scrum adoption, supports the
Scrum implementation, and removes barriers between stakeholders and the Scrum Team [78].

Scrum events

Sprints are "the heartbeat of Scrum" and have a fixed length of one month or less to achieve
consistency. A new Sprint starts immediately after the previous Sprint ends [78]. Sprints
enable predictability by ensuring the inspection and adaptation of progress towards a Product
Goal [78]. Each Sprint has five time-boxed events to accomplish transparency, inspection,
and adaptation [78]. These events include Sprint Planning, Daily Scrums, Sprint Review,
Sprint Retrospective, and the Sprint itself [78]. The Sprint Planning initiates the Sprint by
defining a plan of the work to be done, which is decided collaboratively by the entire Scrum
Team [78]. The result of the Sprint planning is the Sprint Backlog consisting of Sprint Goal,
the Product Backlog items which are selected for the Sprint by the Developers in discussion
with the PO, and the plan for delivering them [78]. For each of the selected Product Backlog
items needed to create an Increment that fulfills the DoD, the Developers estimate the work
required [78]. Often, estimations are done using planning poker and story points [79]. The
Daily Scrum is a 15-minute event for the Developers to inspect the progress toward the Sprint
Goal and adapt the Sprint Backlog if required [78]. To reduce complexity, the event is held
at the same time and place every workday [78]. If PO or SM actively work on items in the
Sprint Backlog, they participate as Developers [78]. Daily Scrums improve communication,
identify impediments, promote quick decision-making, and therefore eliminate the need for
other meetings [78]. The purpose of the Sprint Review, which is the second to last event of the
Sprint, is to inspect the Sprint outcome and to decide on future adaptations [78]. During the
event, the Scrum Team presents its working results to key stakeholders and progress toward
the Product Goal, changes in the environment [78]. Also, further steps are discussed [78].
Potentially, the Product Backlog is adjusted to address new opportunities [78]. The Sprint
Retrospective concluding each Sprint has the purpose of identifying and planning approaches
to increase quality and effectiveness [78]. The Scrum Team analyses the last Sprint regarding
"individuals, interactions, processes, tools" and the DoD, and discusses what went well, what
problems occurred, and how those problems were handled. [78]. The identified possible
improvements can even be added to the Sprint Backlog of the next Sprint [78]. This process
and the interplay of those events are summarized in Figure 2.1.
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Sprint Planning Sprint Review

Sprint 
Retrospective

Daily 
Scrum

Scrum
Team

Product
Backlog

Sprint
Backlog

Increment

Figure 2.1.: The Scrum Framework according to the Scrum Guide [78]

Scrum artifacts

Scrum has three artifacts designed for maximizing the transparency of key information to
ensure everyone inspecting them has a common basis for adaptation [78]. Each artifact
contains a commitment to reinforce empiricism and the Scrum values [78]. The artifacts are
Product Backlog, Sprint Backlog, and Increment [78]. The Product Backlog is an emergent,
ordered list of tasks to improve the product and acts as the source of the Scrum Team’s work
[78]. Product Backlog items are refined continuously until they are described in a way, so
they can be done by a Team within one Sprint [78]. The refinement includes breaking down
the items into smaller and more concise elements, adding details such as a description or
size [78]. Developers realizing the item are responsible for its sizing, supported by the PO
[78]. A backlog often consists of so-called user stories or epics, which are big user stories
[79]. The commitment of the Product Backlog is the Product Goal, which is a description of
a future state of the product serving as a long-term objective for the Scrum Team [78]. The
Product Goal is realized through the Product Backlog, as this contains "what" will fulfill the
product Goal [78]. The Sprint Backlog is a plan by and for the Developers, consisting of "the
Sprint Goal (why), the set of Product Backlog items selected for the Sprint (what), as well as
an actionable plan for delivering the Increment (how)." [78]. The Sprint Backlog is updated
throughout the Sprint and should be detailed enough for a daily progress inspection[78]. The
Sprint Goal commitment of the Sprint Backlog, is committed by the Developers during the
Sprint Planning to establish focus and encourage collaboration [78].

2.1.3. Kanban and ScrumBan in software development

The concept of Kanban was first introduced in the 1950s by the Japanese car manufacturing
company Toyota and later transferred into software development by David J. Anderson to
improve the performance of development teams at Microsoft [11, 80]. The main aspects
of the Kanban method in software development are the visualization of project workflows,
limiting the work in progress (WIP) at each workflow stage, and measuring cycle time [81].
An essential element is the Kanban board, which increases the transparency of the software
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process by showing the assigned work of each developer, priorities, and bottlenecks [80].
Its purpose is to reduce the WIP to focus on the most relevant work items for achieving a
continuous release flow, and shorter feedback loops [80]. The principles of Kanban [11] are
related to the principles of lean software development, which promotes fast delivery, quality,
and the reduction of waste [82]. As Kanban gained importance in the software industry,
attempts to combine Kanban with Scrum emerged [83] and resulted in ScrumBan [74, 75, 76].

2.1.4. Current state and criticsm of agile software development

According to the Annual State of Agile Report conducted by VersionOne, the main reasons for
organizations to adopt agile methods are: acceleration of the software delivery, enhancement
of the ability to manage changing priorities, increase of productivity, improvement of busi-
ness/IT alignment, enhancement of software quality and delivery predictability. However,
adopting agile methods is not a simple undertaking, as it often requires changing the entire
organizational culture, which can be a long and effort-full process [84]. The potential of agile
methods to positively affect aspects like productivity [85], customer satisfaction [85, 14] as well
as business value [14] has been proven in research [85] and measured within organizations
[14]. Yet, agile methods have not only received acceptance from the industry [86]. An example
are doubts regarding the suitability for adoption within large-scale environments [85, 86].

2.2. Large-scale agile software development

The purpose of this section is to create a shared understanding of large-scale agile develop-
ment. First, to define the term large-scale, a taxonomy is presented. Then determinants that
demand agility to be scaled and related challenges are presented. Finally, an outline of the
current state and existing frameworks of large-scale agile software development are provided.

2.2.1. Taxonomy of large scale agile software development

Inspired by the popularity and success of agile methods on a small scale, more and more large
organizations have started to apply agile methods and practices in a larger context [17, 14, 18].
This approach is known as large-scale agile software development [19, 20] and can be defined
as the roll-out of agile methods and principles across whole organizations, including higher
organizational levels [20, 21, 18]. Moreover, large-scale agile software development can refer
to settings in which multiple teams are involved in developing an integrated software product
[20, 21]. Dingsøyr et al. [18] further distinguish between large-scale software development
endeavors with more than two teams and very large-scale development efforts involving
more than ten teams.

2.2.2. Scaling factors and related challenges

Next to the team size, Ambler and Lines [87] describe five other scaling factors that can affect
agile software development (see Figure 2.2). These factors, which cause the need for scaling
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agile practices, include global distribution, increased organizational distribution, for example
with outsourcing, and complex compliance, domain, and technical requirements [87].

Team size

Geographic distribution

Organizational distribution

Compliance

Domain complexity

Technical complexity

Two

Co-located

Single division

None

Straightforward

Straightforward

Thousands

Global

Outsourcing

Life critical

Very complex

Very complex

Figure 2.2.: Scaling factors according to Ambler and Lines [87]

The six scaling factors by Ambler and Lines [87] are based on the work of Kruchten [88],
who, as part of his Development Context Framework, proposes a contextual model for the
development of software-intensive systems to support the adoption as well as adaption of
agile practices. The models’ purpose is to benefit from agile practices in projects outside the
so-called agile sweet-spot but inside the bitter-spot [88]. Table 2.2 illustrates the conditions
leading more likely to the success of an agile project and the conditions causing difficulties.

Agile sweet spot Agile bitter spot
Small team of 10 to 15 people Large team with more than 15 people
Co-location Distributed team(s)
Continuous availability of customer No empowered customer representative
Development of business application Development of embedded real-time systems
Development of new software Maintenance projects
Rapid programming environment Inefficient, slow programming environment
Short life-cycle projects Long life-cycles projects
Common culture Different development cultures (e.g. partners)

Table 2.2.: Agile sweet and bitter spot according to Kruchten [88]

Several studies prove the potential positive effects of using agile methodologies in large-scale
software development contexts. One example is the case study by Lagerberg et al. [89],
which indicates that large-scale agile software development improves knowledge sharing,
project visibility, coordination effectiveness, and potentially productivity. Olszewska et al. [90]
recognized an improvement of productivity and speed of delivery as a result of using agile
methods at scale by applying a metrics model in a large international telecommunication
organization with 350 employees on two sites. While many large organizations hope to profit
from the benefits of agile methodologies [17, 18], research discusses existing challenges of
scaling agile methods, caused by the increased organizational scope [18, 26], complexity [26,
91] and difficult implementation [85, 17]. In contrast to agility on a small scale, large-scale
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agile software development requires coordination and processes amongst multiple teams and
stakeholders [26, 17, 27]. The quality of software products can be affected by difficulties in
handling the increased testing effort or in breaking down requirements of complex products
for the development among multiple teams [17]. Keeping track and monitoring all programs
and teams involved in the software development process to identify risks and problems early
can be also challenging [28]. Another relevant aspect is the autonomy of teams, which can
conflict with inter-team or inter-program dependencies, leading to reduced overall flexibility
and responsiveness [92]. As metrics support progress monitoring and transparency [20],
appropriately using them can also help to address the mentioned difficulties. Accordingly,
Brown et al. [26] and Talby and Dubinsky [28] highlight that combining governance and
measurement with agility is necessary at a scaled level. Still, implementing and using metrics
in large-scale agile software development is a challenge. Thus, not only the complicated
institutionalization of agile practices in a larger organizational context but also the challenge
of an appropriate governance [26, 28] and measurements [26, 40, 28] can cause that the
hoped-for benefits of agile approaches do not occur [26].

2.2.3. Scaled agile frameworks

During the last years, several frameworks have been proposed to support organizations
applying agile approaches at scale [93, 24, 17]. Most of these frameworks are based on
classical agile methods like Scrum and have been adapted to the new requirements of multi-
team projects [94]. The Annual State of Agile Report by VersionOne [14] identified SAFe,
Scrum-of-Scrums, DAD, LeSS, as well as Enterprise Scrum and Lean Management as the
currently most common scaling agile frameworks used in industry. The frameworks applied
within the organizations of the interview partners of the interview study that is part of this
thesis (see Chapter 4) are explained briefly hereafter.

Scaled Agile Framework (SAFe)

SAFe is a framework that allows adapting agility at the enterprise scale [95]. For teams,
SAFe adopts Scrum with XP practices and Kanban [95]. SAFe defines the concept of Agile
Release Trains (ART) and large solutions [95]. ARTs group several teams and, in analogy to
Team Sprints at the Team Level, work at a slower cadence [95]. Multiple, synchronized ARTs
grouped into Solution Trains handle the development of large and complex solutions [95].
At the portfolio level, planning is done with epics that define large development initiatives
[95]. The framework provides four out-of-the-box configurations: Essential SAFe, Large
Solution SAFe, Portfolio SAFe, and Full SAFe [95]. Essential SAFe covers ARTs as well as
teams [95]. Large Solution SAFe scales agility up to the Large Solution level, but does not
involve the portfolio level [95]. The two central roles are the Release Train Engineer (RTE)
and Solution Train Engineer (STE), which are the servant leaders and agile coaches of the
ARTs and the Solution Trains [96]. The Portfolio SAFe configuration scales agile practices up
to the portfolio level but does not involve Large Solutions [95]. In contrast, Full SAFe is the
most comprehensive configuration to maintain portfolios of large and complex solutions [95].
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Scrum-of-Scrums

Scrum-of-Scrums is a mechanism analogous to the team level Daily Scrum, except that it
is a virtual team composed of representatives from several individual Scrum Teams who
collaborate to integrate and ship a product(s) [97].

Large-Scale Scrum (LeSS)

LeSS is intended to be used for two to eight teams working on a single Product Backlog [98].
These teams are feature teams, each of them self-organizing, cross-functional, long-living,
and co-located [98]. One Product Owner is responsible for the Product Backlog of the whole
product. Scrum Masters can serve one to three teams [98]. Even though all teams working on
the product have a shared Sprint, each has its own Sprint Backlog [98]. The other events are
intra-team events (sprint planning, daily scrum, retrospective) or events for all teams (overall
sprint planning, product backlog refinement, sprint review, overall retrospective) [98].

Nexus

Nexus is intended for three to nine Scrum Teams working on a common product backlog
to develop a single product [99]. One Product Owner is responsible for the overall Product
Backlog [99]. The Nexus Integration Team is responsible for ensuring that a done Integrated
Increment, the combined work of all involved Scrum Teams, is produced at least once a Sprint
[99]. This team consists of the Product Owner, the Scrum Master, and some members of the
underlying Scrum Teams [99]. The framework proposes several events similar to the Scrum
Events like the Nexus Sprint Planning but focuses on all involved teams instead of a single
one [99].

Scrum@Scale

To coordinate multiple Scrum Teams that deliver a set of fully integrated Increments,
Scrum@Scale groups them into Scrum-of-Scrums (SoS) and scales agile Events and Roles
[55]. Each Scrum Team has its own Scrum Master and Product Owner [55]. To coordinate
the “how” in every Sprint, an SoS conducts scaled versions of the Daily Scrum and Sprint
Retrospective [55]. To coordinate the “what” in every Sprint, an SoS carries out scaled versions
of Sprint Planning, Sprint Review, and Product Backlog Refinement [55]. A Scrum Master
for the SoS called the Scrum of Scrums Master (SoSM) coordinates the scaled Daily Scrum
and the Retrospective [55]. A Product Owner Team guided by a Chief Product Owner (CPO)
manages the scaled versions of the Sprint Review and Backlog Refinement [55]. Product
Owner Team and the Scrum Masters together hold the scaled version of Sprint Planning [55].
In large organizations, several SoS co-exist and are coordinated by an Executive Action Team
(EAT) [55].
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Spotify

The Spotify Model is the method deployed at Spotify to manage multiple agile teams in
different locations working on a single product [100]. A Squad in Spotify is similar to a Scrum
Team and has a Product Owner as well as an Agile Coach [100]. Multiple Squads working in
related areas are grouped into Tribes. People across all Tribes that share the same interests
are part of Guilds. People with similar skills and competency areas within the same Tribe
form Chapters [100].

2.3. Metric and measurement fundamentals

What you measure is what you get

Kaplan and Norton [101]

This section introduces fundamental aspects of metrics to establish a basis for the further
sections dealing with the context-specific use of metrics. Hereafter, terminology, measurement
basics, and the practical use and relevance of metrics in organizations are discussed.

2.3.1. Terminology and basics of measurement

Organizational management requires quantitative facts in a concentrated form as a solid basis
for decision-making [102, 61, 103], also in the field of software development [103]. Therefore,
defining, implementing, and using metrics in organizations is common practice [102]. Many
different terms, such as key performance indicator[42, 45, 43, 62, 104], performance indicators
[44, 104], measurement [43, 44, 104, 36] or metric [43, 61, 105, 29, 36, 30, 47], are used in
literature to describe the usage of quantitative models. As the term metric is common in the
software development context [105, 29, 36, 30], it is used within this thesis. A metric can be
understood as a measurement [105, 106], whereby measurement can be described as "the
empirical, objective assignment of numbers, according to a rule derived from a model or
theory to attributes of objects or events with the intent of describing them" [106].

Metrics can either be direct, not depending on any other metric [36, 105], or indirect, derived
based on more than one metric [36]. Examples in the software development context are the
direct metric "number of defects" calculated by counting existing defects and the indirect
metric "programmer productivity" calculated by dividing code size by programming time
[36]. In addition, metrics can have different measurement scales [36, 30]:

• Nominal: Categorization or classification of entities based on attribute values without a
specific ordering [36, 30] like the classification of software products according to the
development model they have been developed with [30].

• Ordinal scale: Categorization or classification of entities with a specific ordering [36, 30]
like a five-point likert scale in customer satisfaction surveys of software products, used
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with 1 = completely dissatisfied, 2 = somewhat dissatisfied, 3 = neutral, 4 = satisfied,
and 5 = completely satisfied [30].

• Interval: Categorization of entities with a specific ordering and a specific interval be-
tween each category [36, 30] like the defect rate of software products. The mathematical
operations addition and subtraction can be applied to interval scale data [30].

• Ratio: Categorization of entities with a specific ordering, a specific interval between
each category and an arbitrary, absolute zero point [36, 30]. Also in this case the
defect rate of software products is an example, as it has a zero point. All mathematical
operations, including division and multiplication, can be applied to ratio scale data [30].

These four measurement scales are hierarchical, meaning each higher-level scale possesses
all properties of the lower scale [30]. A higher level of measurement allows more powerful
analysis of the respective data [30]. While Fenton and Neil [36] and Kan [30] coincide in
regard to these four measurement scale types, Fenton and Neil [36] additionally considers the
absolute scale as separate scale type. It covers measurements resulting from simply counting
elements regarding an entity [36]. Regardless of the measurement scale, Kan [30] further
highlights the relevance of the different base measures ratio, proportion, percentage and rate:

• Ratio: A ratio is a result of dividing one quantity by another. The numerator and
denominator originate from two distinct populations and are mutually exclusive [30].
An example is a test/development head-count ratio of the number of people in an
independent test organization to the number of those in the development group[30].

Test head count
Development head count

⇤ 100%

• Proportion: The difference between a ratio and a proportion is that the numerator in a
proportion is a part of the denominator [30]. If numerator and denominator are integers
and represent counts of certain events, then p is also referred to as a relative frequency.
An example is the proportion of satisfied customers of the total customer set [30].

Number of satisfied customers
Total number of customers of a software product

• Percentage: Proportions or fractions become a percentage when they are expressed
in terms of per hundred units, meaning the denominator is normalized to 100 [30].
An example is the percentage distributions of defects across a project by defect type
(requirements, code, design, others) [30].

• Rate: While ratios, proportions, and percentages are static summary measures providing
information regarding a phenomenon of interest at a specific point in time, rates are
associated with the dynamics and change of the phenomenon of interest [30]. In general,
a rate can be defined as "a measure of change in one quantity (y) per unit of another
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quantity (x) on which the former (y) depends. Usually the x variable is time" [30]. An
example is the defect rate, defined as the number of defects per thousand source lines
of code (KLOC or KSLOC) in a given time unit [30].

Number of defects
KLOC

⇤ constant K

2.3.2. Practical usage of metrics within organizations

Metrics support organizations with internal steering, controlling, reporting, early warning,
and identification of problems [101, 102, 61]. One of the most prominent approaches for
the usage of metrics within organizations is the balanced scorecard (BSC) by Kaplan and
Norton [101]. This approach promotes the calculation of metrics aligned to the organization’s
strategy, considering different organizational perspectives: financial (for example cash flow),
customer perspective (for example percent of sales from new products), internal business
perspective (for example cycle time), and innovation and learning perspective (for example
time to develop next generation of product). For an effective use of the BSC concept, the
authors highlight that organizations need to formulate goals, for example regarding time,
quality and performance, and must translate them into specific metrics [101].

Despite their relevance, implementing metrics within organizations involves a number of
pitfalls and therefore, is a challenging task [42, 47]. Common issues are lacking credibility of
measurements due to insufficient data quality [43] as well as misunderstandings and misin-
terpretations [43, 44] resulting from highly abstract metric descriptions [43], inappropriate
definitions [42, 45], a missing, common terminology among stakeholders and inconsistent
documentation [43, 44]. In addition, some organizations tend to use irrelevant or invalid met-
rics to achieve good measurement results [46, 47]. Another risk can be caused by connecting
the achievement of metrics to a financial reward or punishment, which leads responsible
persons to only focus on achieving specific target values, often accompanied by unreasonable
behavior [46, 48]. A defined and structured description form can provide support to minimize
some of these risks, to ensure all relevant aspects of each metric are considered, and thus,
contribute to taking advantage of the full potential of metrics [61].

2.4. Metrics in software development

As agile software development is a specific approach to develop software, this section
provides a brief introduction to metrics in the context of software development in general.
First, a definition of software metrics is provided and different approaches to categorize
them are presented. Finally, the fundamental Goal Question Metric approach to developing
measurement programs in the field of software development [60] is explained.
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2.4.1. Definition of software metrics

Metrics have played an essential role in software development for decades [29]. Despite this
long history, no standard definition or common terminology of metrics within the software
development industry exist [107, 29, 108], as related research and each organization have
different practices, interpretations, and ways to define metrics [107]. Fenton and Neil [29]
describe the concept of "software metrics" as a collective term to summarize a wide range
of activities dealing with measurements in software engineering. These activities include
measuring "classical software metrics" that characterize properties of software code, models
predicting software resource requirements, software quality, and quantitative aspects of
quality control and assurance, for example, the recording and monitoring of defects during
development and testing. The IEEE Standard Glossary of Software Engineering Terminology
[105] defines metrics as: "a quantitative measure of the degree to which a system, component,
or process possesses a given attribute" and "the defined measurement method and the
measurement scale."

2.4.2. Categories of metrics in software development

According to Fenton and Bieman [36] software metrics are attempts to measure or predict an
internal or external attribute of one of the following entities:

• Processes: "Software-related activities" (for example designing or testing)

• Products: "Artifacts, deliverables, or documents that result from a process activity" (for
example code or specification)

• Resources: "Entities required by a process activity" (for example personnel, teams or
organization)

Attributes are measurable characteristics of an entity [36]. Examples are the quality of a
program and the costs of a project [36]. While internal attributes, like the project size, can
be measured based on the entity itself, external attributes, like the reliability of a product,
depend not only on the measured entity itself but also on its environment [36]. In line
with that perspective, a common and broadly applicable classification of metrics in software
development is the division into product, process, and resource metrics [29, 36]. Kupiainen
et al. [53] applied this categorization to metrics in the context of agile software development.
Another classification by Kan [30] categorizes software metrics into product, process, and
project metrics. Product metrics describe the product characteristics like its performance
[30]. The purpose of process metrics, like the response time of the fix process, is to improve
software development and maintenance [30]. The third metric type is project metrics, which
describe the characteristics and execution of the project, such as the number of software
developers or costs [30]. As the proposed categories are not exclusive, metrics can belong to
multiple categories [30]. Many authors particularly stress the relevance of process metrics
since the quality of the development process influences the quality of the resulting software
product significantly [31, 32, 33]. Measuring the software process is the foundation to
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monitor, control and assess as well as manage and improve it [34, 35]. In addition, software
process measurements allow gaining insight to identify problems and risks early, support
communication and enable fact-based planning, estimating, decisions and optimizations
[35]. Process metrics can be measured during and at the end of the process, evaluating the
effectiveness of meeting customer expectations [109]. In summary, metrics can contribute to
improving the overall productivity, efficiency, speed, and quality in delivering software [36,
34].

2.4.3. The Goal Question Metric (GQM) approach

The Goal Question Metrics (GQM) approach for the development of measurement models
in software development has been established by Basili et al. [60] in 1994. The concept
builds upon the assumptions that an effective measurement must be top-down, based on
organizations’ overall and project-related goals [60]. The application of the GQM approach
results in a measurement model comprised of three different levels (see Figure 2.3).

Goal A Goal B

Question Question Question Question Question

Metric Metric Metric Metric Metric Metric

Conceptual Level (GOAL)

Quantitative Level (METRIC)

Operational Level (QUESTION)

Goal B
Purpose
(Quality) Issue
Object
Viewpoint

Figure 2.3.: QGM measurement models [60]

The structure of a GQM model is hierarchical, starting with a goal on the conceptional level
[60]. The goal specification covers the purpose of measurement, the measured object, the
measured issue, and the viewpoint from which the measurement is made [60]. According
to Basili et al. [60] a goal is defined for an object of one of three kinds: products, processes,
or resources. Products, such as artifacts, deliverables, or documents like specifications, are
produced during the system life cycle [60]. Processes are activities related to software, usually
associated with time, such as designing or testing [60]. The third object type is resources,
which are items used as part of processes to produce outputs such as software or employees
[60]. The goal is further broken down into several questions, which build the model’s second
level, the operational level [60]. Questions are used to characterize the specific object of
measurement, a product, process, or resource concerning a particular quality characteristic,
from a certain point of view [60]. Each question is refined into metrics, the model’s third
level, which is called the quantitative level [60]. Metrics are required to answer the specified
questions quantitatively. The metrics can be either objective, only depending on the measured
object, such as the number of hours spent on a task by employees, or subjective, depending
on both the measured object and the viewpoint of measurement, such as the user satisfaction
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[60]. Metrics can belong to different questions and, therefore, can be part of different GQM
models [60]. Questions can be part of multiple GQM models as well [60]. Still, the different
viewpoints need to be taken into account [60]. Besides the measurement model, Basili et al.
[60] define a process for developing the model [60]. The process starts with the identification
of several overarching goals on different organizational levels such as the enterprise or project
level [60]. Examples are customer satisfaction or performance improvement [60]. Based on
each identified goal, questions characterizing that goal in a quantifiable way are defined
[60]. In the next step, the specified questions are associated with appropriate measurements
[60]. After the design of a GQM model, appropriate data collection techniques, tools, and
procedures need to be collected, mapped into the model, and interpreted according to the
organization’s schemes [60]. As discussed by Kan [30], several companies have made use of
the GQM approach by Basili et al. [60] to develop software development metric programs.
Also, the large-scale agile framework DAD recommends the use of the concept [110].

2.5. Metrics in agile software development

If you cannot measure it, you cannot
improve it

Peter Drucker

For creating a shared understanding of metrics in agile software development, this section
covers the differences to metrics in traditional software development. In addition, this section
presents examples as well as categories of metrics used in agile software development.

2.5.1. Differences between metrics in agile and traditional software development

Several researchers argue that metrics used in traditional software development approaches
are not always applicable for using them within agile settings [63, 107, 111]. As measurements
are essential drivers for behavior, there is the risk that using improper metrics negatively
impacts team behavior, productivity and undermines the cultural change towards an agile
way of working [63]. Therefore, using agile methods also requires a mind-shift regarding
metrics in software development [40]. One potential conflict between measurement in tra-
ditional and agile software development is that traditional approaches measure against a
predefined plan, which can contradict the agile value of embracing change [53, 40]. Kupiainen
et al. [53] summarize the main differences of measurements in agile software development
compared to traditional software development as empowerment of teams, customer focus,
simplicity, orientation on trends, fast feedback, and responsiveness to change. In order to
support the successful definition and selection of appropriate agile measurements Hartmann
and Dymond [63] suggest eleven characteristics that metrics in the context of agile software
development should fulfill (Figure 2.4).
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1 Affirmation and inforcement of
lean and agile principles

2

3

4 Fulfilment of a real person’s
specific need for information

Focus on trends, not numbers

Measurement of outcome, 
not output

5 Part of a small set of metrics

6

7

8 Input for meaningful
conversation

Revelation, rather than
concealment, of context and

significant variables

Simple (data) collection

9 Feedback on a frequent and
regular basis

10

11
Encouragement of sufficient
quality from point of view of

business customer or their proxy

Measurement of value
(product) or process

Figure 2.4.: Characteristics of metrics in agile software development according to Hartmann
and Dymond [63]

Metrics can support one of the key elements of agile software development: data-driven,
continuous feedback and learning [112, 113]. Metrics can help teams in measuring their
performance and making changes based on facts, not only feelings or guesses, and give
supporting roles such as Scrum Masters a solid foundation for advising their team [38].
However, metrics also increase the transparency of processes, resulting in the risk of them
becoming political [63], causing the feeling of pressure on employees or restricting team
autonomy [112]. Metrics need to be collected with a minimum possible disruption of a team
to avoid slowing down the team. Failures in measuring and monitoring metrics can reduce
the performance of agile teams drastically [38].

2.5.2. Examples and categories of agile software development metrics

The Annual State of Agile Report conducted by VersionOne [14] identified business value
delivered, customer/user satisfaction, velocity, budget vs. actual cost, planned vs. actual
stories per iteration, planned vs. actual release dates, defects into production, cycle time,
iteration burn-down, burn-up chart, defects over time, WIP and release burn-down as the
most commonly used metrics within agile projects in the industry. The findings of the report
[14] and other research [53, 107, 114] reveal that also traditional software development metrics
are used in agile projects. One example is metrics related to defects or test coverage, which
are common in literature dealing with software development in general [36, 30]. Several
metrics identified in the Annual State of Agile Report [14], which are attributable to agile or
lean approaches and mentioned frequently in research [53, 63, 115] or agile frameworks like
Scrum [116, 117], are explained briefly in the following:

• Velocity: Indicator for the amount of product backlog items realized during a Sprint
by a team [117], calculated as the "sum of original estimates of all accepted work" [38].
The velocity is often measured by summing up the story points estimated for each
completed User Story during a sprint by a team [79].

• Burndown chart: Chart showing the amount of work remaining in a backlog over time
[117, 97], in a Sprint, a release or product [97]. The chart’s horizontal axis indicates
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the time [117, 97], the days of a sprint or several sprints [97], and its vertical axis the
remaining work [117, 97] in the sprint or product backlog [97]. During the time, if items
are taken from the backlog and are completed, the plotted line showing the remaining
work falls [117]. The amount of work can be assessed in different ways like user story
points or task hours [117].

• Burnup chart: Chart showing the amount of completed work overtime. The horizontal
axis indicates the time and the vertical axis the completed work. During the time, if the
backlog items are completed, the plotted line showing the completed work rising [117].

• WIP: Number of work items started but not finished [118, 57], often constrained to a
specific limit [79, 118, 81]. Related metrics are the throughput, "the number of work
items finished per unit of time", and the work item age, which is the amount of time
between the work on an item has started and the current time [118]. The WIP is often
visualized with a cumulative flow diagram [118, 81] showing the (Kanban) status of
each work item at each point in time [81].

• Cycle time: Time between start and end of working on an item [57, 116] like a feature
[79], which is often the (value) delivery to real end-users [116, 79]. In contrast, the lead
time describes the time to complete a work item, starting with the creation of the item
and adding it to the backlog [57, 79].

Within their study regarding the usage of metrics in industrial agile and lean software
development, Kupiainen et al. [53] determined main reasons for using metrics in agile
software development and classified the identified metrics accordingly. Exemplary metrics
used for each reason are listed in Table 2.3. Besides this categorization based on reasons
for using metrics, Kupiainen et al. [53] classify the identified metrics based on their relation
to the principles of the agile manifesto. Oza and Korkala [107] classify metrics in agile
software development according to their usage into the categories Engineer, Test, Automation,
Project Management, Strategy, Iteration, and Code. Another approach is the mapping of agile
software metrics to the Scrum Events Sprint Planning, Daily Scrum, Sprint Review, and Sprint
Retrospective [114].

2.6. Metrics in large-scale agile software development

Research [26, 28] and several scaling agile frameworks [110, 54, 55, 58, 57] agree that combining
governance and measurement with agility is necessary to achieve agility at a scaled level. The
increased organizational scope [18, 26] and complexity [26, 91] make successfully achieving
agility at scale a challenging endeavor [26]. Appropriate measurements are required to
support the management of these complexities [26, 28]. For identifying and resolving
alarming issues early, effective measures can be one of the key success factors to adopt agile
methodologies in scale and to realize their business value [28]. Agile methods result in a
faster, more frequent delivery of intermediate results, new roles and a changed organizational
mindset [119]. Therefore, faster feedback cycles [119], appropriate measurement and reporting
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Category Exemplary metrics
Sprint and project planning
including prioritization, scoping and resourcing

Velocity, effort estimation, lead time

Sprint and project progress tracking
including project progress monitoring, achieving
goals and balancing workflow

Burn-down charts, number of auto-
mated passing tests, check-ins

Understanding and improving quality
Net promoter score (NPS), defects,
number of change requests

Fixing software process problems Lead time, queue time, velocity
Motivating people Build status, defects, defect trend

Table 2.3.: Reasons and effects of using metrics in agilse software development according to
Kupiainen et al. [53]

outside of individual projects or teams on scaled organizational levels [119, 40] are required.
The different organization of large-scale agile software development endeavors compared
to traditional projects and the need to maintain agile principles like team autonomy drive
the need for special monitoring mechanisms as well [28]. This section aims to illustrate
the complexity and special requirements of using metrics in the context of large-scale agile
software development by presenting related challenges as well as measurement approaches
and metric categories.

2.6.1. Challenges related to metrics in large-scale agile software development

Despite the potentials of metrics in large-scale agile software development, several researchers
address the associated challenges [40, 26, 120]. A main difficulty is to integrate governance
with agility by finding an appropriate balance between "More freedom and less overhead" and
"Better measurement and predictability for stakeholders" [26]. Also, finding an appropriate
and effective measurement approach for managing and maintaining an overview of multiple
teams developing software is a challenging task [120]. Many organizations struggle with
reducing fragmented project-specific data, measurement [14, 40] and a lack of standardiza-
tion of measurement practices, hindering decision making on higher organizational levels
[40]. Despite the need for external coordination, process, and technology alignment, team
autonomy, which is essential for agility, can compete with having common goals among all
participants within large-scale programs and organizations [92]. This situation is especially
problematic, if goals are set exclusively by management and not understood well by teams
[92]. Another challenge is to connect metrics on different organizational levels while consider-
ing level-specific, varied requirements, and external factors influencing the metric results [40].
In general, the translation of strategic objects into team metrics can be a challenging task [40].
Often, teams perceive a disconnection between their metrics on the team level and the metrics
on a higher level, reducing their feeling of contributing to the overall strategic goals [40].
According to Staron and Medig [121] the successful usage of metrics in large organizations
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requires congruence of measurement goals with business goals, measurements tailored to
organization needs, data integrity and availability of measurement at the required granularity,
an automatic data collection and processing, and an initial definition of relevant metrics.

2.6.2. Measurement approaches and categories of metrics in large-scale agile
software development

As large-scale agile software development affects multiple teams or even the whole organi-
zation, metrics and related objectives can refer to the different organizational scaling levels
team, program and portfolio [40, 120]. Despite their specific terminology, also the large-scale
agile frameworks RAGE [57] and SAFe [58] explicitly consider metrics on these different
organizational levels. According to Korpivaara et al. [40], metrics on portfolio level mainly
measure outcomes and external impact regarding customer and financial value, such as the
return on investment and customer satisfaction. Metrics on program level focus on measuring
internal performance concerning the delivery, such as productivity or quality of development
and production [40]. Team level measurements mainly measure capabilities and resources
addressing collaboration and learning [40]. An aspect especially relevant for large-scale agile
software development is the scaling of metrics from one team up to multiple teams [39]. The
respective metrics should provide teams with a high degree of autonomy and freedom while
avoiding restricted, local optimizations on the team level [39]. Many scaled metrics are based
on classical agile measurements, such as velocity and lead time, that can be scaled easily from
the single team up to the multi-team level [39]. Examples of scaled metrics are:

• Program velocity aggregated for multiple teams [40, 58, 39]

• Feature lead time [40, 122, 57] and cycle time [40, 58]

• Scaled burn-down charts [40]

• Burn-up charts for a release, covering all teams working together on the product, or
even for specific initiatives in the portfolio backlog [57]

• Cumulative flow charts on program level [57, 58]

Likewise, metrics like the number of defects and test coverage can affect multiple teams if
they are working together on a product [40, 58].

Based on the findings of their case study Stettina and Schoemaker [120] identified five
different metric types used in large-scale agile software development:

• Performance metrics - measurement of efficiency of work such as velocity

• Quality metrics - measurement of quality of work such as number of exceptions

• Progress metrics - measurement of work progress such as velocity planned vs. realized

• Status metrics - measurement of current state of work such as budget and resources

• Contextual metrics - qualitative, providing measurements and information on the work
such as project highlights
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Some existing large-scale agile frameworks address the topic metrics and measurement, each
to a different level of detail. Enterprise Scrum [55], Scrum@Scale [55], DAD [56], RAGE [57]
and SAFe [58] all highlight the relevance of measurements and metrics. The frameworks put
a lot of emphasis on the value of metrics in regard to planning [54], founded data-driven
decision making [54, 55], transparency [55, 58], improvement of processes and products [54,
55, 56, 58], management [54, 56], agility [55] and stakeholder communication [56]. Especially
DAD [110] and SAFe highlight the connection between metrics and certain goals. Enterprise
Scrum [54] and Scrum@Scale [55] stress that metrics are context-specific, depending on the
respective industry or domain of each company, and do not make any detailed suggestions
to use specific metrics. DAD [56] not only proposes several best practices for implementing
metrics in an agile manner, such as using the GQM approach [60], but even suggests several
metrics. RAGE [57] and SAFe [58] provide exemplary metrics for different organizational
levels as well. Enterprise Scrum [54] and DAD [56] highlight the relation to and value of
metrics for specific stakeholders such as customers, teams, the management, and the public.
According to the frameworks, the following aspects can be measured in scaled agile software
development organizations:

• Customer satisfaction [54, 56, 57, 58] and experience [54]

• Employee experience [54], health [56], sustainability [55] and engagement [58]

• Profit and cost savings [54, 56, 57]

• Productivity [54, 55, 56], performance [54, 56, 57, 58] and progress [57, 58]

• Quality [54, 55, 56, 58]

• Learning and improvement [54, 58]

• Transformation, growth [54, 57, 58] and agility [58]

• Value delivery [55, 56, 58]

• Regulatory compliance [56, 57]

The frameworks’ concepts align with the results of Korpivaara et al. [40], who combined
common approaches for measuring value creation and objectives within agile contexts with
the findings of their case study to five performance dimensions for agile development
organizations. Based on performance measurement approaches related to strategic business
objectives [123], stakeholder needs [124] and agile principles [90, 125, 53] Korpivaara et
al. [40] defined the dimensions financial value, customer value, internal process efficiency,
collaboration, and learning. According to the authors [40], mainly the first three dimensions
are quantitatively measured in practice:

• Financial value for example measured by generated income, costs and turnover

• Customer value for example measured with net promoter score (NPS)

• Internal process efficiency covering productivity, predictability and product as well
as process quality, for example measured with feature cycle time, release frequency,
iteration velocity and number of defects
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This chapter provides an overview of publications, which are significantly relevant for the
topic of this thesis. The presented related work builds on the fundamental subjects covered
in the previous chapter and addresses: structured collections of metrics, support of the
establishment of metrics, generic metric documentation structures, and investigations of
metrics used in industry. In the following, the relevant publications for each of these topics
are presented, sorted according to their context, starting with large-scale agile software
development and agile software development, followed by software development and related
disciplines. The publications covering structured collections of metrics, support of the
establishment of metrics, and generic metric documentation structures are presented in detail
in Chapter 5 as part of the design of the MMFS.

3.1. Structured collections of metrics

Olszewska et al. [90]

As one of the only researchers, Olszewska et al. [90] consider the reasonable documentation
of metric best practices in the area of large-scale agile software development. In their study,
the researchers provide a metrics model to quantitatively measure the impact of an agile
transformation in a large software development organization and apply it in the practical
example of a large telecommunications corporation [90]. The authors’ approach is developed
based on a quality model, which they introduced in a previous work [126] using the GQM
approach [60]. The proposed metrics model consists of a description structure for metrics,
building on the approaches of Kaner et al. [106] and Briand et al. [127] as well as eight metrics,
documented accordingly. The proposed metrics are based on workshops with industry
experts and researchers, as well as on metrics used in industry that have been identified in
the literature [90]. Despite the metrics model being intended for evaluating agile transforma-
tions quantitatively, the authors highlight the general applicability of metrics in large-scale
agile software development: analysis organizational change, continuous self-assessment,
self-organization of teams and improvement, as well as provision of transparency and support
of agile principles [90].

Bouwers et al. [64]

As a step towards achieving a consolidated overview of the high range of available software
metrics, Bouwers et al. [64] propose a catalog format for software metrics. Through this
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catalog, the authors aim to provide a basis, which allows a convenient selection of the most
suitable set of metrics for each practical context [64]. The developed structure focuses on
providing a compact overview of each metric, while still presenting as much information as
required to decide whether a particular software metric is appropriate for a specific purpose
[64]. The description of each metric contains qualitative information about the metric such as
its name, as well as more quantitative information like the expected metric value [64]. How-
ever, besides the structure itself, the paper does not contain any examples of best practices of
metrics documented using the proposed template.

Olsina et al. [128]

With their work, Olsina et al. [128] aim to contribute to the comprehension and selection
process of metrics by supporting the assessment of metrics with a sound and flexible metric
documentation and consultation mechanism. Starting with a conceptual model for metrics,
the authors propose a catalog template for metrics and instantiate it with metrics for web
development [128]. The template covers a large number of metric data items, for example the
name and definition [128].

Monahov [129]

Similar to the goal of this thesis, Monahov [129] proposes a metric catalog for the domain of
enterprise architecture management. The description structure for documenting the metrics
that is part of the catalog consists of a minimal number of required elements [129]. The author
differentiates between general elements such as the metric title, which are independent of the
specific context of an organization, and organization-specific elements such as target values of
the metric, describing the particular configuration of the metric within an organization [129].
In total, 52 metrics for enterprise architecture management observed in the German industry
in course of a research project are documented within the catalog [129]. To support readers of
the catalog in timely identification of relevant metrics when navigating through the catalog, it
has a two-part navigation structure based on the goals and concerns in enterprise architecture
management related to each metric [129]. The structure used by Monahov [129] is, among
other enterprise architecture management-related concepts, based on four general IT and
management-related approaches, which are presented in a following section (Section 3.3).

3.2. Approaches for the support of the establishment of metrics

Hartmann and Dymond [63]

Being aware of the potential field of tension between traditional software development met-
rics as well as agile values and practices, Hartmann and Dymond [63] address aspects of
appropriate agile metrics. They propose suitable tools for teams and organizations to foster
measurements more congruent with agility [63]. One of those tools is a metric checklist that
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aims to achieve a clear understanding of the intention and usage of metrics, and to reduce
their misuse. This checklist covers several relevant aspects of agile metrics like its level of
usage (project/team, program, portfolio) [63]. Moreover, the authors stress the relevance
of value-driven key metrics in agile software development, which allow monitoring the
accountability of business regarding the value produced by software development efforts [63].
In addition, Hartmann and Dymond [63] propose several potentially helpful agile metrics
and apply their checklist structure to a few example metrics, such as velocity [63]. Next to
the relevance of measurements, the authors highlight challenges an introduction of metrics
potentially entails, like the resistance of employees [63].

Kaner et al. [106]

Both Olszewska et al. [90] and Bouwers et al. [64] build upon the work of Kaner et al. [106],
who, referring to the challenges of defining and understanding metrics appropriately, present
a framework for evaluating proposed metrics and apply it to a number of exemplary measures.
The framework consists of ten questions, each addressing characteristics of metrics claimed
to be useful for evaluating proposed metrics [106]. Moreover, the collection of questions
highlights the most important aspects of measurements [106]. The questions, for example,
address the purpose of the metric and the instrument used to measure it [106].

3.3. Generic documentation structures of metrics

ISO/IEC/IEEE 15939:2017(E)

The standard [130] elaborates on the measurement process of ISO/IEC 15288 and ISO/IEC
12207, intended for system and software engineering and management disciplines. The
process is described by a model, defining the measurement process activities required to
appropriately specify the necessary measurement information, apply the measures, analyze
the results, and determine the validity of the analysis results [130]. The measurement process
is "flexible, tailorable, and adaptable to the needs of different users" [130], The document [130]
aims to support the definition of a suitable set of measures addressing specific information
needs and steps for successfully identifying, defining, selecting, applying, and improving
measurements in a project or organization-wide scope [130]. In addition, a metric documen-
tation structure, called the "measurement information model", describing how the relevant
attributes of entities are quantified and converted to indicators serving as the foundation for
decision making, is part of the standard [130]. According to ISO/IEC/IEEE 15939:2017(E)
[130], selecting or defining adequate measures to address an information-need starts with a
measurable concept, "an idea of which measurable attributes are related to an information
need and how they are related" [130]. The measurement information model serves the
identification of basic terms and concepts and supports determining what to specify during
planning, performing, and evaluating the measure [130].
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Kütz [131]

Kütz [131] discusses management and controlling approaches based on metrics and metric
models in the field of IT controlling. The author critically appraises, systematizes, and
summarises various approaches, including different metric systems proposed in the literature
and used in practice [131]. In his book, Kütz [131] describes a metric management fact sheet
structure consisting of different elements, which cover the aspects metric description, data
collection, data processing and its presentation.

Neely et al. [61]

In their book about performance measurement and management of business success Neely
et al. [61] critically reflect available measurement frameworks, such as the BSC, and introduce
a measurement framework, called the performance prism, addressing the shortcomings of
existing measurement concepts [61]. The authors [61] explain tools, techniques, and method-
ologies for measuring the facets of the performance prism: stakeholder satisfaction, strategies,
processes, capabilities, and stakeholder contribution. As part of the book, Neely et al. [61]
also present a generic metric description structure consisting of ten elements like the metric
name and its purpose.

Popova and Sharpanskykh [104]

Popova and Sharpanskykh [104] present a framework for modeling performance indicators
and the relationships between them as part of a general organization modeling framework
covering four different views: process-oriented, performance-oriented, organization-oriented,
and agent-oriented [104]. Part of the framework for modeling performance indicators within
the performance-oriented view is a description structure for metrics consisting of elements
such as metric name, metric definition, or the time interval the metric is measured in [104].

Parmenter [62]

Parmenter [62] discusses the successful development, implementation, and usage of KPIs. The
author provides a model for simplifying KPIs and avoiding common pitfalls for organizations
[62]. The model includes guidance through critical success factors [62]. Moreover, case
studies illustrate the practical application of the presented strategies [62]. As part of his
book, Parmenter [62] defines a description structure for KPIs consisting of ten elements.
These elements include, for instance, a description and the balanced scorecard perspective(s)
impacted by the metric [62].
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3.4. Investigations of metrics used in industry

Korpivaara et al. [40]

Korpivaara et al. [40] highlight the contrast between the relevance of metrics as an essential
tool for organizations to direct and motivate employees to achieve desired results, the lacking
knowledge about performance objectives, as well as metrics and the related challenges in
practice within large scale agile organizations. Driven by this knowledge gap, the authors aim
to provide guidance with the findings of their study and investigate how scaled agile devel-
opment organizations measure performance on different organizational levels [40]. Based on
a case study to examine performance objectives and metrics in two business units of a scaled
agile organization, Korpivaara et al. [40] identified several metrics used on the different levels
portfolio, program, and team, as well as the respective goals associated with each metric.
Building on their findings, the researchers present a framework for selecting and structuring
performance objectives, consisting of five performance measurement dimensions intended
to guide organizations that scale agile practices [40]. Moreover, the authors’ work contains
identified challenges related to measuring performance in scaled agile organizations [40].
Still, a structured collection of the identified metrics is not part of their results.

Stettina and Schoemaker [120]

As organizations increasingly adopt agile approaches on portfolio level to connect their agile
teams with their business strategy, Stettina and Schoemaker [120] argue, that providing an
appropriate amount of oversight and selecting the right reporting approach is crucial for suc-
cessfully establishing an agile connection of strategy and operations. Therefore, the authors
investigate effective reporting in agile portfolio management, related metrics, and routines
[120]. The findings of their case study, which involves ten large European organizations,
include the usage of five different types of metrics in large-scale agile organizations: perfor-
mance, quality, progress, status, and contextual metrics [120]. Besides these metric-types,
the authors categorize the metrics based on their organizational level of usage: portfolio,
product, and team. Stettina and Schoemaker [120] classify the metrics according to their
respective domain of reporting responsibility: product and portfolio responsibility, develop-
ment responsibility, and process responsibility [120]. The researchers highlight the relevance
of combing qualitative with quantitative reporting, since this combination allows quanti-
fying initiatives and their progress, enables to verify goals, and provides tactical insights [120].
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Cheng et al. [41]

In their paper on monitoring and control mechanisms in agile software development, Cheng
et al. [41] present a list of KPIs, structured into team, person, task, and quality KPIs, and
a list of interventions for software development managers based on three case studies of
product software companies. Despite the companies being large corporations with multiple
agile teams, the identified metrics only comprise team-level metrics or metrics related to the
developed software product [41].

Staron and Medig [121]

Staron and Medig [121] studied one of the measurement programs at Ericsson AB in Sweden,
a large software company conducting many projects according to the principles of agile and
lean software development. As a result, the researchers identify factors determining the
successful adoption and use of the measurement program [121]. In their study, Staron and
Medig [121] also describe the metrics used within the measurement program. These metrics
are related to management topics like finance or technical aspects, like the number of defects
discovered during testing, and project status on progress, on several levels of abstraction [121].

Kettunen et al. [132]

Kettunen et al. [132] surveyed to explore the current state of how different Finnish organiza-
tions address agility and agile development in both IT and non-software industrial sectors
such as finance. More than 75% of the respondents worked in large or very large organi-
zations, employing more than 250 people [132]. Besides questions regarding the applied
frameworks and reasons for adopting agile methodologies, the survey covers, which metrics
organizations measure [132]. The results show that the most common metrics used in the
industry are the lead time of features or epics, cycle time, and release cycles [132].

Kupiainen et al. [53]

Kupiainen et al. [53] conducted a systematic literature review to investigate the usage of
metrics in industrial agile software development. The authors’ results indicate that the reasons
for and the effects of using metrics focus on the aspects: "sprint planning, progress tracking,
software quality measurement, fixing software process problems, and motivating people"
[53]. Despite agile teams using many metrics suggested in the agile literature, they also use
custom metrics [53]. As the most influential metrics in primary studies, Kupiainen et al. [53]
identified the velocity and effort estimate. In contrast to this thesis, the study of Kupiainen
et al. [53] focuses on metrics of software teams instead of metrics used within the whole
organization.
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This chapter presents the interview study conducted during this thesis to investigate the
use of metrics in large-scale agile software development for answering the first and the
second research question (see Section 1.3) regarding the metrics, goals, reasons, benefits,
disadvantages, and challenges concerning metrics in this domain. The first of the following
sections (Section 4.1) introduces the study design. The next two sections describe the data
collection (Section 4.2) and data analysis (Section 4.3). Subsequently, after a more detailed
description of the descriptive data about the analyzed companies, interviewed experts, and
development environments, in Section 4.4, the study results, which are the foundation for the
design of the artifacts developed in this thesis, are presented (Section 4.5).

4.1. Study design

In the following, the objectives, the detailed design, and the plan of the interview study are
presented.

Study objectives

The study objective is to identify metrics and best practices used in industry in the context
of large-scale agile software development. The focus is not only on investigating the used
metrics. Also, additional metric-related information, like goals connected to the metrics, is
of interest. The purpose of identifying these metrics and the related data items is to use the
gained insights into the use of metrics in the industry and to create the main solution artifact
of this thesis: a metric catalog for large-scale agile software development. The findings of the
interview study ensure the resulting catalog’s practical value and relevance.

Planning and preparation

As outlined in Section 1.3, the results of this master thesis are based on semi-structured
expert interviews [66, 67, 69], which were conducted respecting the guidelines of Myers
and Newman [66]. Since the research is motivated by a practical problem and covers the
nascent field of large-scale agile software development, this methodology suitable to fulfill
the need to gain insights into practice [67]. Using interviews allowed to clarifying ambiguities
up-front and collecting information on a high level of detail from the experts. Conducting the
interviews in a semi-structured form enabled an open and natural conversation, encouraging
the creativity of the experts and increasing their interest in talking about topics that are
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important to them. The questions aimed to be answered by conducting and analyzing the
expert interview results are:

• What metrics are used in software development in agile environments?

• What goals do metrics support to achieve?

• What reasons do organizations have to use metrics in their large-scale agile software
development?

• What are inherent beneficial characteristics of metrics in large-scale agile software
development?

• What are inherent poor characteristics of metrics in large-scale agile software develop-
ment?

• What are metric-related challenges in large-scale agile software development?

Analyzing these questions aims to gain a deep understanding of metrics measured in the
industry. The interviews provide insights into how and why metrics are implemented, which
goals they are connected to, and which challenges can occur. The findings contribute to
the answer of the research questions presented in Section 1.2, and are an essential building
block of the developed metric catalog presented in Chapter 6. The questionnaire used for
the semi-structured expert interviews reflects the questions aimed to be answered through
this interview study and ensured all relevant aspects are discussed during the interview.
The questionnaire contained descriptive data questions to gain a better understanding of the
interviewees’ context. The questionnaire and can be found in Appendix. A.1. The questions
asked are divided into five sections:

1. Questions about the role and company of the interviewee

2. Questions regarding the large-scale agile software development environment in general,
covering the implemented framework, scaling level, goals, reasons, benefits, drawbacks
and challenges for using metrics

3. Questions about the use of metrics in large-scale agile software development

4. Metric-related questions, for example about the tools used

5. A final open discussion on how research can support the use of metrics in industry

Due to the high number of questions, the level of broad knowledge required for answering
the questions, and for a better understanding of the interview structure, the questionnaire
was sent out in advance. The planned time for the interviews was 60-90 minutes. The
criteria for selecting the experts participating in the interview study were their work in
large-scale agile software development environments and their knowledge about the metrics
used within this context. Multiple experts from the industry were contacted via e-mail and
invited to participate in the interview series. In addition, information about the interview
series was shared on LinkedIn1. In several preliminary talks via video communication tools,

1https://www.linkedin.com
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the research was presented and the suitability of the interview partners was clarified. In
addition, preferred roles, like Scrum Master, manager, or developer, were addressed to ensure
a sufficient amount of topic-related knowledge and increase the "variety of voices" by covering
multiple viewpoints [66].

4.2. Data Collection

In total, 22 experts from 12 companies were willing to participate in the interview series.
The interviews were conducted remotely using video communication tools from the 27th of
January 2021 until the 31st of March 2021. The average duration of the interviews was 82
minutes, with 44 minutes for the shortest and 145 minutes for the longest. The durations
exclude the time required for introduction and explanations at the beginning of each interview.
The explanations, for example, covered the research goal, the interview structure, and the
permission to record the interview. The interview length depended on the extent of metric
usage within the organization of the interviewees, the technical setup, and time constraints
due to the busy schedules of the interview partners. In addition, some of the experts an-
swered the questions of the first part of the questionnaire before the actual interview took
place. Due to time reasons, completing three interviews required two sessions each. All
interviews were conducted by at least two researchers. In most cases, three researchers were
present to increase the validity of the study results through triangulation [67]. The questions
did not change throughout the course of the interviews. However, due to the interviews’
semi-structured nature, slight variations in order or the questions’ wording did occur. Each
interview was recorded for further analysis. In addition, one interviewee provided additional
information in form of an spreadsheet and presentation slides.

Gaining deeper insights to the experts’ development organization by conducting the inter-
views revealed that the development environments of two experts working in a consulting
company did not fit the context of this research, which focuses on large-scale agile software
development. With the consent of all involved researchers, the interviews with these experts
were excluded from further analysis. Therefore, the description of the data analysis process,
covered in the following section (Section 4.3), refers to the data of interviews with 20 experts
from eleven companies.

4.3. Data Analysis

The analysis and coding was conducted aligned to the two-cyclic coding process described
by Saldaña [70], which suggests the initial assignment of codes to data chunks that are then
further analysed in the second-cycle coding, and the concepts proposed by Miles et al. [71].
In the following, the individual steps, which have been performed, are presented in detail.
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4.3.1. Transcription

Three researchers performed the task of transcribing the audio recordings. Afterwards, one
of the remaining two researchers checked the transcript created by one researcher. The
anonymity of the results was guaranteed by cutting sensitive information and company-
specific terms, and by anonymizing names. As three interviews were conducted in German,
they were translated into English after the transcription. The transcription was performed
using the qualitative data analysis software MAXQDA2.

4.3.2. Coding and Analysis

The interview transcripts, the pre-filled questionnaire parts, and the additional files were
coded by combining deductive and inductive coding [71]. According to the two-cyclic
approach [70], the coding was performed by initially assigning descriptive [71] first-cycle
codes to the text segments, which in turn were assigned to the higher-order second-cycle codes.
The starting point for the second-cycle coding was, according to the deductive approach, an
initial list of codes, mainly consisting of higher-order second cycle-codes [70]. This starting
list of codes was developed by four researchers aligned to the questions of the interview
questionnaire. During the coding, additional second-cycle codes were assigned inductively
[70], in case new findings were made while analyzing the individual data of each interview
or if a relevant text fragment could not be assigned to an existing code category. Adding
new codes required the re-codification of the previously coded data. Therefore, the final
coding was developed incrementally during the codification of all interviews. The preliminary
coding was performed by one researcher and was iteratively discussed together with another
researcher. Both coding and analysis of the transcripts were conducted using the qualitative
data analysis software MAXQDA2 and Microsoft Excel3. After the initial coding, further
analysis and second-cycle coding were performed by two researchers. In this process, groups
of codes were merged into higher-level concepts related to the formulated research questions.
To increase the result validity, ambiguities were discussed jointly and resolved by mutual
consent. If the ambiguities regarding the experts’ organization, development environment,
and implemented metrics could not be resolved, the experts were contacted for clarification.
An overview of the final higher-order coding, which also covers related research topics that
are not explicitly covered in this thesis but are relevant to understand the whole context of
the use of metrics within the organizations, is illustrated in Table 4.1. The individual aspects
of the analysis and categorization of the identified metrics are presented hereafter.

Metrics used in large-scale agile software development

Initially, 422 potential metrics, both agile and traditional, on different organizational levels
were identified within the expert interviews. 45 of these metrics are types or groups of
metrics, such as "financial KPIs" (E2) or "code quality metrics" (E14), which were not included

2https://www.maxqda.com
3https://www.microsoft.com/de-de/microsoft-365/excel
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Code category Description Example # of codes # statements

Metric-related
goals

Statements regarding goals,
which are supported to be
achieved by metrics

Transparency

187 sub-
codes
grouped
into 27 main
codes

507

Metrics
Statements regarding metrics
used in large-scale agile software
development

Velocity

196 metric
codes + >10
for related
information

8.742

Reasons Statements regarding reasons for
using metrics Controlling

13 referring
to up to eight
sub-aspects

287

Inherent bene-
fits

Statements regarding inherent,
positively perceived characteris-
tics of metrics

Simplicity of metric

34 sub-codes
grouped
into 13 main
codes

79

Inherent
disadvantages

Statements regarding inherent,
negatively perceived characteris-
tics of metrics

Lacking usefulness of
metric

61 sub-codes
grouped into
7 main codes

78

Challenges Statements presenting metric-
related challenges

Lack of data availabil-
ity 55 276

Organization Information about the organiza-
tions of the interviewed experts Industry sector 5 90

Experts Information about the inter-
viewed experts

Large-scale agile soft-
ware development
role

4 67

Development
environment

Information about the develop-
ment environment of the inter-
viewed experts

Applied scaling agile
framework 7 236

Not actively
analyzed

Statements relevant for an overall
understanding but not analyzed
in the scope of the thesis

Planned additional
metrics 8 1.458

Table 4.1.: Coding structure

in the further analysis. In consultation between the two analyzing researchers, metrics
without sufficient information regarding their organizational level of usage, calculation, and
cadence required for a profound understanding were excluded from the further analysis of
the remaining 377 metrics. In addition, metrics that could not be classified as currently used
within the organizations were excluded during this step. This exclusion process resulted in
299 remaining metrics. In the next step, the focus was on the metrics within each company. As
a few experts, who work in the same company, talked about the same metrics, these metrics
were mapped to avoid duplicates, resulting in 257 metrics. Subsequently, by considering
the metrics across the different companies, 30 metrics were identified as used in multiple
organizations. Finally, in sum, 196 distinct metrics used in all organizations, in which the
interviewed experts work, having sufficient information for further detailed analysis could be
identified. Figure 4.1 illustrates the whole filtering and analysis process.
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Figure 4.1.: Metric filtering and analysis steps

Agile vs. traditional metrics

As discussed in Sections 2.5 and 2.6, not only metrics which are attributable to agile or lean
approaches are used in agile software development endeavors and recommended by large-
scale agile frameworks such as SAFe [58]. Therefore, to analyze this topic in the context of
this study, the identified metrics were structured into agile and traditional metrics. The usage
of traditional metrics is possible independently from applying agile methods. Still, traditional
metrics can support aspects that are relevant in agile software development, such as quality
[53] and customer satisfaction [40]. The following categories were used to distinguish agile
metrics from traditional ones:

• Calculation based on agile concepts such as story points or user stories [79]

• Measurement of aspects related to continuous integration and delivery [133]

• Relation to agile events such as the sprint planning [78] also on a scaled level

• Relation to agile artefacts like the product or sprint backlog [78], also on a scaled level

Organizational level of usage of metrics

Since large-scale agile software development can affect multiple teams and programs within
a software development organization, metrics and related objectives are often considered on
different organizational levels such as team, program, and portfolio [40, 120]. Aligned to
Korpivaara et al. [40] the metrics identified in the interviews were categorized according to
their level of usage. Due to the heterogeneous organizational development structures within
the companies of the interviewed experts, described in Section 4.4.3, the definitions illustrated
in Table 4.2 were the basis for assigning the levels.
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Level Description

Team level
The organizational scope is a single scrum team with around nine team
members and/or a team with a single team backlog shared by all team
members.

Program level

The organizational scope are multiple teams that develop one product
and/or develop in the same cadence/cycle and/or are grouped into an
organizational unit like an ART or a solution train. Moreover, this level
covers multiple groups of teams that develop sub-products of one large
product and topics directly related to a single product or large solution.

Portfolio level The organizational scope is a group of programs.

Organizational
level

The organizational scope are multiple portfolios, topics related to the
corporate strategy influenced by government and regulations, as well as
organizational topics that relate to the overall organization and are not
directly related to the program and portfolio structures.

Table 4.2.: Categorization of organizational levels in the context of large-scale agile software
development inspired by Korpivaara et al. [40] and Stettina and Schoemaker [120]

4.4. Descriptive study data

This section provides detailed information on the descriptive data about the organizations,
experts, and agile development environments analyzed within this study. In total, 20 experts
from eleven companies operating in various industries were part of the interview study. Some
of the interviewees are working for the same company, partly in different programs and
teams. To achieve a certain degree of generalizability and to gain insights into the conditions
in different contexts [71], the aim was to have a diverse set of interview partners by including
organizations of different sizes and industries, experts having various roles, and development
programs of a different kind.

4.4.1. Companies

Table 4.3 provides an overview of each organization, their anonymized code name, used in
the remainder of the study, their size, and the number of interview partners. Most of these
organizations are large organizations with more than 40.000 employees in total. More than
50% of the organizations have more than 100.000 employees worldwide (CarCo2, ConsultCo,
RetaiCo1, RetailCo2, TelecommunicationCo, TransportationCo). Only two organizations have
less than 10.000 employees, one of them around 6.800 (InsuranceCo1), the other one around
120 employees (InsuranceCo2). The industry sectors, which these organizations operate in, are
automotive, insurance, retail, finance, healthcare, consulting, telecommunication and trans-
portation. All of the organizations, except one (InsuranceCo2), are operating internationally.

In each interview, the experts were asked about the start of the agile transformation within
their organization and when they have started to use agile practices on a larger scale. In
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Industry of company
Code name of

company
Company size
(employees)

Number of
interviews

Automotive CarCo1 36.300+ 1
Automotive CarCo2 120.700+ 1
Consultancy ConsultCo 270.000 5
Finance BankCo 47.700+ 2
Healthcare HealthCareCo 54.000 3
Insurance InsuranceCo1 6.800+ 3
Insurance InsuranceCo2 120+ 1
Retail RetailCo1 360.000+ 1
Retail RetailCo2 155.000 1
Telecommunication TelecommunicationCo 100.700 1
Transportation TransportationCo 337.500 1

Table 4.3.: Companies of the interviewed experts

some cases, the experts were unsure about the answer to the question, as the transformation
often happened gradually, starting with single teams using agile practices. Therefore, a few
experts working in the same company gave differing answers. Some experts stated that they
are not working long enough within the organization to know exact numbers. In the case
of the consulting company ConsultCo, which adapts its projects to the requirements of the
respective client organization, it was not possible to identify any period because all interview
participants answered differently and explicitly highlighted their lack of knowledge. To still
provide an overview of this relevant aspect, Figure 4.2 gives a high-level overview of when the
other ten organizations started their agile journey. The exact time spans stated by the experts
can be found in the Appendix A.5. Two companies (HealthCareCo, TelecommunicationCo)
(18%) have used agile methods for more than ten years and large-scale agile practices for
more than five years. The rest of the organizations (73%) started to use agile practices less
than ten years ago and have applied large-scale agile software development for less than
five years. While the experts of four organizations (InsuranceCo1, InsuranceCo2, RetailCo1,
TelecommunicationCo) (36%) responded that they have used agile practices in a scaled context
from the beginning on, the five others (45%) started their agile transformation in small-scale.
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Figure 4.2.: Start of using agile and large-scale agile software development
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4.4.2. Interview experts

Table 4.4 shows a summary of the roles and working experience of the interview partners
including the organization they belong to. The table also indicates the alias (column name:
No.) used in the remainder of this thesis to refer to each expert.

No. Company Role
Experience

software dev.
(years)

Experience
agile software

dev. (years)

Experience
large-scale

agile software
dev. (years)

E1 CarCo1 Agile Coach 16-20 11-15 11-15
E2 BankCo1 Manager 11-15 3-5 3-5
E3 HealthCareCo Manager >20 16-20 6-10

E4 ConsultCo
Scrum Master

6-10 3-5 1-2
Agile Coach

E5 HealthCareCo
Manager

>20 11-15 6-10
Agile Coach

E6 ConsultCo
Developer

3-5 3-5 3-5
Scrum Master

E7 ConsultCo
Product Owner

6-10 1-2 1-2
Business Analyst

E8 ConsultCo
Software Architect

11-15 3-5 3-5
Solution Architect

E9 TelecommunicationCo
Scrum Master

11-15 11-15 11-15Agile Coach
Developer

E10 HealthCareCo Software Architect 11-15 11-15 11-15
E11 ConsultCo Manager 16-20 6-10 3-5
E12 CarCo2 Scrum Master 16-20 6-10 3-5
E13 RetailCo1 Agile Coach >20 6-10 6-10
E14

InsuranceCo1
Scrum Master

11-15 3-5 3-5
Agile Coach

E15 InsuranceCo1 Release Train Engineer 1-2 1-2 1-2

E16 InsuranceCo2
Scrum Master

11-15 11-15 1-2
Agile Coach

E17 InsuranceCo1
Manager

6-10 3-5 3-5
Agile Coach

E18 BankCo1 Agile Coach 3-5 3-5 3-5

E19 RetailCo2
Scrum Master

11-15 6-10 6-10
Agile Coach

E20 TransportationCo Release Train Engineer >20 6-10 6-10

Table 4.4.: Interview partners

Most of the experts (E1, E2, E3, E5, E8, E9, E10, E11, E12, E13, E16, E19, E20) (70%) have more
than eleven years of experience in the field of software development in general, including
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traditional and agile practices. Four of them (E3, E5, E13, E20) (20%) have over 20 years of
experience. Only one expert has started to work in software development less than two years
ago (E15). In contrast, the experts have neither over 20 years of experience in agile software
development nor in large-scale agile software development. In agile software development
most of the interview partners had experience of 3-5 years (E2, E4, E6, E8, E14, E17, E18)
(35%), 6-10 years (E11, E12, E13, E19, E20) (25%) or 11-15 years (E1, E5, E9, E10, E16) (25%).
Regarding applying agile practices in scaled environments, the main part of the interviewees
has either 3-5 (E1, E6, E8, E11, E12, E14, E17, E18) (40%) or 6-10 (E3, E5, E13, E19, E20) years
of experience (25%), but none of them has more than 15 years of experience. Figure 4.3
illustrates an overview of the experts’ working experience.

Figure 4.3.: Experience of the interviewed experts

Ten experts (E4, E5, E6, E7, E8, E9, E14, E16, E17, E19) (50%) saw themselves in multiple roles.
Four experts (E4, E14, E16, E19) (20%) reported having the roles of a Scrum Master and Agile
Coach. Two other experts (E5, E17) (10%) stated having the roles of an Agile Coach and a
Manager. One interview partner (E9) even had three roles: Scrum Master, Agile Coach, and
Developer. Other combinations that occurred only once are Developer and Scrum Master
(E6), Solution Architect and Software Architect (E7), as well as Product Owner and Business
Analyst (E8). Overall, the most common roles are Agile Coach, which was mentioned by
10 experts (E1, E4, E5, E9, E13, E14, E16, E17, E18, E19) (50%), Scrum Master with seven
occurrences (E4, E6, E9, E12, E14, E16, E19) (35%) and Manager, which was mentioned five
times (E2, E3, E5, E11, E17) (25%). Figure 4.4 illustrates an overview of the frequency of the
experts’ roles.
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Figure 4.4.: Roles selected by the interviewed experts

4.4.3. Agile development environment

All experts were asked to describe the agile development environment in which they are
currently working. The organizational scope which the interviewees referred to depends
on their role and the organization’s structure, which is different for each organization. The
answers of some experts are mainly about the program they are working in at the moment.
Other experts’ statements did not cover one single program but a broader organizational
scope such as the whole IT department. Due to these high variations, each context is first
presented individually, and finally, an overall summary is provided.

CarCo1

The organization’s development group has been at the beginning of their SAFe transformation
at the time of the interview. A large part of the development organization has already used
SAFe. The framework is also used in the unit, in which the interview partner (E1) is working
as an Agile Coach. However, some other areas still worked with Scrum-of-Scrums or other
custom agile approaches. The implemented SAFe configuration is Full SAFe. Therefore, agile
practices are scaled up to the portfolio level. Aligned to the organizational structure proposed
by SAFe, the Scrum Teams are part of Agile Release Trains (ARTs), which develop products for
the company’s end-users and solutions for company-internal use. Besides the overall portfolio
management, the central managing unit is the Lean-Agile Center of Excellence (LACE) team
consisting of the ARTs’ Release Train Engineers (RTEs). In the SAFe environment, in which
the partner is working, around 750 people are employed. All these employees except a few
internationally located experts usually work co-located at one site in Germany. At the time
of our interview, all employees were distributed, working from home due to the Corona
pandemic.
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BankCo

The whole organization is organized according to a custom framework close to SAFe, scaling
agile practices up to the board of executives. The organization’s development group consists
of around 6.000 people, divided into approximately 500 Scrum Teams. Each Scrum Team
belongs to one of 53 clusters, grouped into 18 higher-level key areas. Each key area is
responsible for a big topic such as "credit" and is lead by a key area lead. Likewise, each
cluster is managed by a cluster lead. While one of the interview partners (E2) is responsible
for the agile architecture management within the organization, the other interview partner
(20) is working as an Agile Coach for one of the key areas. The key area, which includes 400
employees, is divided into two clusters with a total of 14 teams. In this key area, usually
150-250 employees work co-located at sites in Germany, Bulgaria, Poland, and the Czech
Republic. During the interview, all employees within the key area were distributed due to
the Corona pandemic. Normally, only a few Scrum Teams in the development organization
are distributed between cities or countries. Around 70% of all development teams work
co-located at the sites in the mentioned countries and the UK.

HealthCareCo

The organization has multiple heterogeneous development groups, all using different agile
scaling frameworks. Two of the interviewed experts (E3, E5) work in a division developing
software for a medical product sold to end customers. One of the experts is responsible for
the delivery of the overall software. The other expert is in charge of the agile strategy. The
division’s software development area uses a custom lean approach combining elements of
several frameworks such as LeSS and SAFe. Around 450 employees are organized in teams,
each located at one of the three sites in Germany, China, and India. The overall program is
lead by a program management unit, including several program leads.

The third expert (E10) works as a Software Architect in a different department organized
according to a custom Scrum-of-Scrums approach. Within the department, around 400-500
developers, grouped into multiple teams, develop a software product for company-internal
customers. Due to the large size of the program, the teams are structured into domains. Each
domain is responsible for a module of the product and has a module owner. The overall
coordination of the program is performed by a program-steering group consisting of program
leads, module owners, leading architectural roles, and leading technical roles. Almost all
teams involved in the program work co-located at one of the sites in Hungary, Slovakia, the
USA, India, and Germany.

ConsultCo

The consulting company adapts its management approach for programs to the needs and
wishes of its customers. Therefore, different scaling agile frameworks, such as LeSS or SAFe,
are used in the programs within the organization. The program the five interview partners
are involved in, uses a customized agile approach similar to LeSS, while also comprising
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Scrum-of-Scrums elements. The program grew from one to five Scrum Teams, who jointly
develop a single software product. By now, the program consists of 50 people divided into
Scrum Teams of six to seven members and one cross-section team, which is responsible for
tasks like specification and design. Within the scope of the experts, agile practices are scaled
up to the program level, but their customer, who is running multiple projects in collaboration
with the consulting company, also has an agile portfolio layer. The teams are all distributed,
as they are structured according to a three-shore mix, which ensures each team has members
from Germany, Poland, and India. Two of our interview partners (E4, E6) are Scrum Masters
of the Scrum Teams (E4, E6), and two other experts are part of the cross-section team (E7, E8).
The fifth interview partner (E11) is the responsible project manager.

CarCo2

The development environment in which the interview partner (E12) works as a Scrum
Master, is part of a single department currently using Scrum@Scale. However, there are
plans for a transition to LeSS in the mid-term future. Despite the expert’s statements in the
interview referring to this single program in which multiple feature teams develop a single
software product for company internal use, a portfolio level exists. The program, which the
interviewed expert is part of, involves 90-100 people, with an average team size of 10 team
members. Several Product Owners are responsible for the overall product and each team has
a feature owner responsible for the feature that the respective team develops. Even before
the Corona pandemic had begun, around 90% of the teams, including external employees,
were distributed. Only some of the company’s internal employees were located on site in a
German city. The other employees, who are part of the project, are located across Germany,
the UK, and Portugal.

TelecommunicationCo

The development environment of the interviewed expert (E9), who works as a Scrum Master,
Agile Coach, and Developer, is a program organized with a mixture of LeSS and Scrum-of-
Scrums. The program comprises 100 developers grouped into eight teams, which are involved
in the development of products for internal product representatives. The overall program is
monitored and managed by the product management. Four of the eight teams, which are
part of the program, are co-located at one site in Greece, the other four teams work co-located
at a German site. Within the overall organization in general, agile practices are scaled up to
the portfolio level.

InsuranceCo1

In the case of this company, the whole organization is organized in an agile way. The three
branches of the IT department use different scaling agile frameworks according to the prod-
uct line they belong to. The lines of the branches life insurance and health insurance are
organized in a SAFe way, while the lines of the non-personal non-life insurance branch use
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Nexus. Another cross-sectional program developing a large software product for all units
of the IT department is using SAFe as well. Additionally, different elements from various
frameworks are used. Another construct within the organizational structure is the service
pyramid, which regulates the responsibilities for each IT product. One of the roles within
the service pyramid is the IT service owner, who is responsible for an IT service, which are
multiple products that support several business processes. In total, around 500 people are
working in the development group. Almost all people within the internal IT are located at
sites in three different German locations. Other, parts of the development are outsourced to
Greece, India, and England.

The first expert (E14) is working as a Scrum Master and Agile Coach in an area of the health
insurance branch organized according to SAFe. The branch consists of three ARTs responsible
for different topics, such as sales and operation, on which the expert’s ART focuses. Within
the ART of the interview partner, 75 people grouped into multiple teams are working on
several related products supported by a responsible RTE. Moreover, program management
is involved in the coordination of the ART. Within the ART, almost all teams and the teams’
members are distributed across two German sites. Even though some team members are
located on one site, they are not co-located in the same office.

The development group of the second expert (E15) is organized according to SAFe as well.
The ART, in which the interview partner is working as an RTE, consists of 80 members
organized into ten teams. The ART is responsible for one large, cross-sectional solution and
several smaller related sub-products used by company-internal customers. Therefore, most
teams in the ART mainly work on realizing new features for these products or on maintenance
tasks related to the products. Other teams work on tasks related to, for example, databases.
Six teams in the ART are always distributed across the German sites. Due to the Corona
pandemic, additionally, two other teams are operating in a distributed way.

The third interview partner (E17) is working in an area of the non-personal non-life insurance
branch. Thus, Nexus is the main guideline for scaling agile practices but is not followed
closely. The interview partner is an IT Service Owner responsible for several IT services,
which support the business processes of internal customers. About 80-100 people are involved
in the programs related to the IT services and the operation of the respective software.
Currently, two of these programs involve multiple teams: one consists of three teams, the
other program consists of two teams, also responsible for operating two other systems. The
programs in the branch are managed by Service Owners like the interviewed expert or by a
program lead in case of a hybrid program that affects multiple IT services. All teams involved
in the services of the interview partner are located in Germany and are mainly co-located.

InsuranceCo2

The scaling method used in the agile development environment, in which the interviewee
(E16) is working as a Scrum Master and Agile Coach, is Scrum@Scale. The project, the expert
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is referring to, comprises 25-35 employees in two Scrum Teams. The teams work on one
product with one responsible Product Owner. As the program is growing, two additional
teams will be added in the future. Moreover, a management level is involved in the agile
development processes. At the moment, the members of all Scrum Teams are distributed
across two sites in Germany, one of the new teams will be an outsourced team located in
another European country.

RetailCo1

The development group of the organization is developing software according to their custom
framework, which is a mixture of several existing scaling agile methods, combining elements
of SAFe, Spotify and Scrum-of-Scrums. Agile practices are used in all levels of the devel-
opment organization, also involving the areas of finance, C-level, and sales. 600 developers
divided into multiple teams work on different functional areas of one large solution. For each
functional product area, teams are organized in a tribe, similar to an ART in SAFe, including
10-20 teams. The overall program is managed by program management and the tribe masters,
each responsible for a tribe. The tribe, which the interviewed expert (E13) is working in as an
Agile Coach, has 12 teams of in sum 120 people, including developers and Scrum Masters. Six
of those teams work co-located at one site in a German city on the same floor of a building,
while the six other teams are co-located in a Bulgarian city.

RetailCo2

The interviewed expert (E19) works in the organization’s international IT department, which
uses a mix of several different scaling agile frameworks. The main focus is on the frameworks
LeSS, SAFe, and Nexus. Agile practices are scaled up to the portfolio level but are only
affecting areas involved in software development. In total, around 1.700 internal and 2.000-
3.000 external employees are working in the interviewee’s department. The particular program
area, which the interview partner is coaching in the role of an Agile Coach, uses a customized
combination of LeSS, Scrum-of-Scrums, and Spotify. In total, about 80 internal employees
are grouped into eight teams of 8-10 people. Additionally, external developers grouped
into Scrum Teams are involved in developing a software solution platform in the area of
sales. Most internal teams are similar to Squads in Spotify and are responsible for a product
topic. The internal teams have a Platform Product Owner managing the Squad backlog. The
platform Product Owners receive demands from the chief platform owner responsible for the
overall backlog of the sales platform. The internal Squads are responsible for the respective
product, the external developers work on implementation. The amount of external developers
is demand-specific and varies between two or three up to two hundred or three hundred
developers. In addition, the individual Squad members are part of cross-team chapters, which
are in charge of certain responsibilities such as architecture. The specific sub-program of
the interview partner comprises three internal Squads having 20 members and 50 external
developers. All teams in the program area of the interview partner are distributed across the
countries Austria, Germany, USA, India, and the UK.
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TransportationCo

The unit of the organization, which the interviewed expert (E20) is working, uses SAFe as the
core scaling approach and applies some additional elements of other frameworks. In SAFe
terms, the organizational unit is organized in a Full SAFe configuration scaling agile practices
up to the portfolio level. The program of the interview partner develops multiple related
software products in the context of sales and ticket booking. In total, 400-500 people from
two different subsidiaries of the parent organization and external employees are involved in
the program. Before the Corona pandemic has begun, all employees had worked co-located
at a German site in two buildings with two and three floors. At the time of our interview, all
of them worked distributed, as they worked from home. The interviewed expert (E20) works
as a Release Train Engineer for one of the clusters, comparable to an ART in SAFe, into which
the 20 teams are grouped. The clusters belong to the solution train of the overall software
product managed by the program management.

Summary

Except for two organizations (CarCo2, InsuranceCo2), all companies (82%) have implemented
a customized agile approach, in each case with a varying level of adherence to a specific
framework and diverse mixtures of elements from different scaling methods. Three organiza-
tions (BankCo, RetailCo1, InsuranceCo1) (27%) have their own names for their custom way of
applying agile methods at scale. The development organizations of seven firms (ConsultCo,
HealthCareCo, InsuranceCo1, RetailCo1, RetailCo2, TelecommunicationCo) (55%) use ap-
proaches combining elements of two or more frameworks. Moreover, within five companies
(CarCo1, ConsultCo, HealthCareCo, InsuranceCo1, RetailCo2) (45%), various scaling agile
approaches are implemented within the different areas of the development organization.
The two scaling agile approaches most commonly used as the principal reference or by
taking elements from them are the framework SAFe and the mechanism Scrum-of-Scrums.
According to the experts, they are applied in eight companies (73%). An overview of the
scaling-agile approaches integrated into the agile development within the organizations, in
which the interviewed experts work, is illustrated in Figure 4.5. A summary of all individual
information regarding the development environments of the experts is part of the Appendix
A.4.

On average, the large-scale agile development environments which the experts referred to
during the interviews involve around 620 people. Except for one development environment
within a company (TransportationCo) (9%), all interview partners mentioned that, normally,
some of the teams involved in the development are distributed. The distribution either refers
to whole teams being co-located at different sites or to the distribution of team members. Due
to the Corona pandemic, the teams within all development environments of the interviewed
experts were distributed during the time of our interview.
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Figure 4.5.: Number of companies using (elements of) the mentioned large-scale agile frame-
works and mechanisms

4.5. Study results

This section aims to present the results of the interview study. The findings and statistics
shown in the following sections, are the results from coding and analyzing the interview
data. First, the results of the analysis of the collection of identified metrics are presented.
Then the findings regarding the metric-related goals, reasons for using metrics in large-scale
agile software development, beneficial and poor inherent characteristics of metrics, and
metric-related challenges are presented. It is relevant to highlight that a single metric, goal,
reason, beneficial or poor characteristic, as well as a challenge, can belong to several categories
depending on how the respective metric is used. Thus, the contents of the presented categories
are heavily dependent on how the use of the metrics was described in the expert interviews.

4.5.1. Metrics used in large-scale agile software development

The following statistics and results regarding the identified metrics are based on a population
of 196 metrics determined during the filtering process, described in detail in Section 4.3. A
comprehensive list of all metrics and their characteristics, such as their organizational level
of usage and if they are agile or traditional, can be found in the Appendix A.6. Table 4.5
summarizes the metrics on the organizational and portfolio level, Table 4.6 illustrates the
most frequently used metrics on the program and team level.

Organizational level of usage of metrics

Figure 4.6 shows the distribution of all identified metrics according to the organizational
level in which they are used. 140 of the metrics (71%) identified as being measured in the
agile development environments of the interview partners are program-level metrics. In
addition, the foremost part of the remaining 56 identified metrics is used on the team level
(21%). Only five metrics (3%) are used on the portfolio level and nine metrics (5%) on an
organizational level. Except for the organizational level, where only traditional metrics, such
as company-wide employee satisfaction (E14), could be identified, all other three levels are
dominated by agile metrics, especially on the team level.
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Figure 4.6.: Distribution of metrics per organizational level of usage

Agile vs. traditional metrics

Figure 4.7 illustrates the distribution of the identified agile and traditional metrics. In total,
128 (65%) of the identified metrics are classified agile, and 69 (35%) metrics are labelled
traditional according to the definition described in Section 4.3. As mentioned in the previous
section, most of the 128 agile metrics are used on program level (68%) or team level (30%),
and only four agile metrics (2%) are implemented on portfolio level. The majority of the 68
traditional metrics (78%) are used on the program level. In the case of the traditional metrics,
even more metrics are used on the organizational level (13%) than on the team level (6%). On
the portfolio level, only two traditional metrics related to the financial performance of the
whole portfolio were identified.

Figure 4.7.: Distribution of metrics per type (agile vs. traditional)

Most frequently used metrics

30 of 196 identified metrics (15%) are used in more than one organization. 20 of the 30
metrics used in multiple organizations, were categorized agile (67%), eight were categorized
as traditional (33%). None of these 30 metrics is used on an organizational level or portfolio
level. 23 of the metrics on program level (77%) and seven on team level (23%). The three
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Level Metric Agile Organization Expert

Organizational

Employee NPS RetailCo1 E13
Employee satisfaction InsuranceCo1 E14
Employee satisfaction in IT organiza-
tion InsuranceCo1 E17

Employee satisfaction in pool InsuranceCo1 E17
Number of APIs gone live BankCo E2
Organizational customer satisfaction ConsultCo E7, E8
Proportion of application landscape
running on cloud technology BankCo E2

Proportion of application landscape
without full vendor support BankCo E2

Working hours of an employee ConsultCo E7

Portfolio

Delivery rate of QBR epics 3 BankCo E2, E20
Monthly financial run rate BankCo E2
Number of applications in CI/CD chain 3 BankCo E2
Planned vs. achieved key results 3 BankCo E20
Yearly financial run rate BankCo E2

Table 4.5.: Metrics identified on the organizational and portfolio level

metrics identified the most are the team level metrics story point estimation (CarCo1, CarCo2,
ConsultCo, HealthCareCo, InsuranceCo1, InsuranceCo2, RetailCo1, RetailCo2, Telecommuni-
cationCo, TransportationCo), velocity (BankCo, CarCo1, CarCo2, ConsultCo, HealthCareCo,
InsuranceCo1, InsuranceCo2, RetailCo1, RetailCo2, TransportationCo) and sprint burn-down
(BankCo, CarCo1, CarCo2, HealthCareCo, InsuranceCo1, InsuranceCo2, TransportationCo).
Table 4.6 summarises the most popular metrics in descending order according to the number
of organizations that have implemented them.

50



4. Interview Study

Metric Agile Level Organizations # org.

Story point estimation 3 Team CarCo1, CarCo2, ConsultCo, Health-
CareCo, InsuranceCo1, InsuranceCo2, Re-
tailCo1, RetailCo2, TelecommunicationCo,
TransportationCo

10 (91%)

Velocity 3 Team BankCo, CarCo1, CarCo2, ConsultCo,
HealthCareCo, InsuranceCo1, Insur-
anceCo2, RetailCo1, RetailCo2, Trans-
portationCo

10 (91%)

Sprint burn-down 3 Team BankCo, CarCo1, CarCo2, HealthCareCo,
InsuranceCo1, InsuranceCo2, Transporta-
tionCo

7 (64%)

Defects in production Program ConsultCo, HealthCareCo, InsuranceCo1,
TelecommunicationCo

4 (36%)

Planned velocity 3 Team ConsultCo, HealthCareCo, RetailCo2,
TransportationCo

4 (36%)

Program velocity per sprint 3 Program ConsultCo, HealthCareCo, RetailCo2,
TransportationCo

4 (36%)

Release burn-down 3 Program HealthCareCo, InsuranceCo1, Telecom-
municationCo

3 (27%)

Planned program velocity per sprint 3 Program ConsultCo, RetailCo2, TransportationCo 3 (27%)

Test coverage Program ConsultCo, InsuranceCo1, RetailCo2 3 (27%)

Number of features per PI 3 Program CarCo1, HealthCareCo, InsuranceCo1 3 (27%)

Unit test coverage Program ConsultCo, HealthCareCo 2 (18%)

Planned program velocity 3 Program HealthCareCo, TransportationCo 2 (18%)

Total defects Program ConsultCo, HealthCareCo 2 (18%)

User story lead time 3 Program CarCo1, InsuranceCo1 2 (18%)

Time for fixing a defect in production Program InsuranceCo1, TelecommunicationCo 2 (18%)

Number of user stories per PI 3 Program CarCo1, InsuranceCo1 2 (18%)

Sprint burn-up 3 Team HealthCareCo, InsuranceCo2 2 (18%)

Planned vs. actual number of features (%) 3 Program HealthCareCo, InsuranceCo1 2 (18%)

Remaining work 3 Team ConsultCo, InsuranceCo2 2 (18%)

Number of features per sprint 3 Program CarCo1, HealthCareCo 2 (18%)

Person days spent on program Program CarCo2, InsuranceCo1 2 (18%)

Release burn-up 3 Program HealthCareCo, TelecommunicationCo 2 (18%)

Number of features planned 3 Program CarCo1, HealthCareCo 2 (18%)

Number of defects found in the test environment Program HealthCareCo, InsuranceCo1 2 (18%)

Feature usage Program CarCo1, HealthCareCo 2 (18%)

Time required to respond to a defect in produc-
tion

Program InsuranceCo1, TelecommunicationCo 2 (18%)

Feature lead time 3 Program CarCo1, TelecommunicationCo 2 (18%)

Epic burn-down 3 Program CarCo2, RetailCo1 2 (18%)

Program velocity factor per sprint 3 Program ConsultCo, TransportationCo 2 (18%)

Product lead time Program HealthCareCo, TelecommunicationCo 2 (18%)

Table 4.6.: Most popular metrics
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Metrics per organization

In 91% of the organizations that participated in the interview study, most of the identified
metrics are metrics on the team or program level. Overall, the amount of metrics identified
within each organization varies between seven and 57 metrics. On average, six metrics on
the team and 16 metrics on the program level were found in each organization. Metrics on
the organizational level were identified within four organizations (ConsultCo, InsuranceCo1,
BankCo, RetailCo1). Only in one organization (BankCo), metrics on portfolio could be found.
Within one organization (InsuranceCo2), no metrics higher than the team level could be
determined. As described in the previous section (4.4), the organization had just started
its large-scale agile journey at the time of the interview and has planned the use of scaled
metrics soon. Figure 4.8 illustrates the number of metrics determined in each organization
and their distribution according to their organizational level of usage.

Figure 4.8.: Metrics identified in organizations

4.5.2. Metric-related goals in agile organizational software development
environments

Based on 507 statements regarding goals that were aimed to be achieved by the support of
metrics, 187 sub-goals that organizations aim for in their large-scale agile software develop-
ment environment were identified. These goals were summarized into 27 goals and grouped
into five goal categories. Each goal, each organization targeting the goal and supporting its
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achievement with metrics, and all of these metrics, are summarized in Table 4.7. The goal
categories and goals are sorted in descending order based on the number of organizations
aiming for each goal. Subsequently, the goals of all categories and the metrics implemented to
support their achievement are explained. Since most goals are supported by a huge amount
of metrics, not all metrics are mentioned for each goal. Still, a list of all metrics that supports
the goals of each goal category is part of the Appendix A.7.

Table 4.7.: Most common organization-specific goals in large-scale agile software development
Goal category Related goal Organization(s) targeting the goal # of org. # of metrics

Development
organization
and processes

Transparency BankCo, CarCo2, ConsultCo, Health-
CareCo, InsuranceCo1, InsuranceCo2, Re-
tailCo1, RetailCo2, TelecommunicationCo,
TransportationCo

10 (91%) 51 (26%)

Improved planning ConsultCo, HealthCareCo, InsuranceCo1,
InsuranceCo2, RetailCo1, RetailCo2, Trans-
portationCo

7 (64%) 30 (15%)

Speed BankCo, CarCo1, ConsultCo, Health-
CareCo, InsuranceCo1, InsuranceCo2, Re-
tailCo2

7 (64%) 12 (6%)

Predictability CarCo1, CarCo2, ConsultCo, Health-
CareCo, InsuranceCo2, RetailCo1, Telecom-
municationCo

7 (64%) 23 (12%)

Agility BankCo, CarCo2, HealthCareCo, Insur-
anceCo1, RetailCo1, RetailCo2

6 (55%) 14 (7%)

Continuous
improvement

BankCo, CarCo1, ConsultCo, Health-
CareCo, RetailCo1

5 (45%) 13 (7%)

Efficiency BankCo, ConsultCo, InsuranceCo1, Re-
tailCo2, TransportationCo

5 (45%) 20 (10%)

Adherence to
deadlines

ConsultCo, HealthCareCo, InsuranceCo1,
TransportationCo

4 (36%) 9 (5%)

Improved
controlling

BankCo, CarCo2, ConsultCo, Transporta-
tionCo

4 (36%) 5 (3%)

Productivity BankCo, InsuranceCo1, InsuranceCo2 3 (27%) 6 (3%)
Automation BankCo 1 (9%) 1 (1%)
Enterprise architec-
ture management

BankCo 1 (9%) 2 (1%)

Product

Quality BankCo, CarCo1, ConsultCo, Health-
CareCo, InsuranceCo1, InsuranceCo2, Re-
tailCo1, RetailCo2, TelecommunicationCo,
TransportationCo

10 (91%) 47 (24%)

Time-to-market CarCo1, CarCo2, ConsultCo, Health-
CareCo, RetailCo1, RetailCo2

6 (55%) 11 (6%)

Delivery reliability BankCo, ConsultCo, InsuranceCo1, Insur-
anceCo2, TelecommunicationCo

5 (45%) 11 (6%)

Feedback CarCo1, CarCo2, HealthCareCo 3 (27%) 7 (4%)
Contract fulfillment ConsultCo, InsuranceCo1 2 (18%) 6 (3%)
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Table 4.7 – continued from previous page
Goal category Related sub-goal Organization(s) targeting the goal # of org. # of metrics

Customer

Satisfaction BankCo, ConsultCo, HealthCareCo, In-
suranceCo1, TelecommunicationCo, Trans-
portationCo

6 (55%) 46 (23%)

Centricity BankCo, CarCo1, HealthCareCo, Insur-
anceCo1

4 (36%) 8 (4%)

Communication InsuranceCo1 1 (9%) 4 (2%)

Finance

Cost management BankCo, CarCo1, ConsultCo, Insur-
anceCo1, RetailCo2, TransportationCo

6 (55%) 19 (10%)

Profitability BankCo, ConsultCo, InsuranceCo1, Re-
tailCo2

4 (36%) 14 (7%)

Employee

Motivation CarCo1, ConsultCo, InsuranceCo1, Re-
tailCo1

4 (36%) 8 (4%)

Satisfaction InsuranceCo1, RetailCo1 2 (18%) 5 (3%)
Health ConsultCo 1 (9%) 3 (2%)
Feedback RetailCo1 1 (9%) 2 (1%)
Creativity HealthCareCo 1 (9%) 1 (1%)

Development organization and processes

All of the eleven organizations target goals that are related to their development organization
and processes and support the achievement of these goals with metrics. In total, 120 of all
identified metric-related sub-goals (64%) belong to this goal category, and 99 (51%) of the 196
identified metrics support goals that are part of this goal category.

Transparency - The most common goal ten organizations (91%) aim to achieve is the trans-
parency of the development organization and its processes. For instance, organizations try to
achieve transparency of the development speed (E8, E10, E14) on the team and program level
(E19) and support achieving this goal with metrics like the planned (E10) or actual velocity
on team level (E8, E14) and the product demand lead time on program level (E19). Moreover,
the progress of teams (E10) and programs (E5), for instance, towards meeting goals (E12,
E14) and planned releases (E9), should be transparent. Hence, burn-downs and burn-ups
for sprints on team level (E5, E10) and a scaled level (E5, E9, E12, E13), like for milestones
(E5) and releases (E9), are used. Organizations also aim to identify problems in teams (E10,
E11) or programs (E7, E10), determine improvement potentials (E14), bottlenecks (E14), and
reasons for not reaching goals (E11). Examples are the remaining work on the team and
program level (E11) to identify problems and the program flow illustrating the kanban state
of features to determine bottlenecks (E14). Finally, metrics like the planned vs. actual velocity
(E20) or realized features (E14) per program increment (PI) of a program are measured to
gain insights into achieving objectives.

Improved planning - Seven organizations (64%) have the goal of improving their planning.
For example, planning on the required program development effort (E19), the time-to-market
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(E13), milestones (E10), and PIs (E20) on program level should be highly accurate. To enhance
the planning of teams and programs, organizations use metrics like the actual (E16, E19, E20)
and planned velocity on the team (E10, E19) and program level (E10, E19, E20). Further, to
improve the planning of roadmaps and release dates, the utilization level of the programs
and teams is calculated (E3), and scaled burn-downs (E12, E13) like an epic burn-down
are used (E12). For prioritizing high-level product topics appropriately, milestone and PI
burn-downs (E5) are tracked. Metrics are measured to facilitate achievement of a realistic
and reliable timing of deliveries (E11, E17), as well as increased reliability of planning within
teams (E7) and programs (E7, E19), especially regarding capacities (E10, E16). For measuring
the reliability (E15), stability (E19), and quality (E16) of planning, metrics such as the planned
vs. actual program velocity in a sprint (E19) or a PI (E20) are used.

Speed - Seven organizations (64%) target the goal to be fast. The companies aim for develop-
ment speed (E1, E2, E5, E7, E16, E17, E19) and improving the flow of development (E1). For
measuring as well as supporting this goal, for instance, metrics like the cycle times of large
product demands (E19), feature lead times (E1), and velocity (E17) are used. To enable early
creation of concepts and prototypes, measuring the utilization levels of programs and teams
ensures enough available capacity (E3). In addition, the metric number of sprints required for
a repetitive job is used to ensure that repetitive jobs are performed quickly (E2) and the time
until the integration of committed code is tracked to support fast feedback for developers (E3).

Predictability - Being predictable is a goal seven organizations (64%) try to achieve. On the
one hand, predictability refers to the forecast of finishing work items, epics, or large initiatives
(E13), supported through story point estimations and velocities for all these levels (E13). On
the other hand, the development capacity should be predictable (E8, E9). To support this
goal on the program level, for example the planned vs. actual number of user stories (E9) is
calculated. Also, the whole development process (E6, E10) and all milestones (E10), releases
(E12), and deliveries (E13) should be predictable. To support this goal, the organizations
make use of burn-downs on different levels, such as sprints (E10), milestones (E10), epics
(E12), or releases (E10). With a focus on achieving and assessing the predictability of teams
(E1), stability (E1) and commitment accuracy (E16), the velocity (E1, E16), the remaining work,
as well as story points removed or included into a sprint (E16) are measured.

Agility - Six organizations (55%) want to achieve the goal agility. For establishing and as-
sessing the achievement of an agile way of working within teams (E2) and programs (E17),
for example, the average user story cycle time within programs and teams (E17) is mea-
sured. Moreover, as the whole development organization should be flexible, measuring the
planned utilization levels of programs and teams can contribute to leaving enough capacity
for unexpected work (E3). To support the team flexibility (E2, E3, E17) and autonomy (E2),
also the metric number of application programming interfaces (APIs) gone live on portfolio
level is used, as it can contribute to driving the development of interfaces and thus, reduces
dependencies between all teams in the programs of a portfolio (E2). Organizations aim for
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reactivity during their development process (E12, E17) and support this, for example, by visu-
alizing program progress with epic burn-downs (E12). Reactivity supported by metrics such
as the planned and actual velocity on different scaling levels (E13, E19) allows to re-prioritize
goals (E13), the development strategy (E19), and the backlog (E13). To achieve flexibility in
adopting the functionality of all applications (E2) also the proportion of an organization’s
application landscape running on cloud technology is measured to promote using flexible
cloud technology (E2).

Continuous improvement - Five organizations (45%) focus on the continuous improvement of
their development organization. The companies aim to identify improvement potentials (E1)
and problems (E1, E7, E8) within their teams. To support identifying problems, for example,
the teams’ average velocity (E1) or sprint burn-downs (E1) are used. On the program level,
metrics like velocity on initiative level, referring to a large product-related topic, are used as
the basis for achieving continuous improvement (E13). Metrics such as the delivery rate of
quarterly business review (QBR) epics (E18) on portfolio level are measured to promote learn-
ing (E18). The velocity factor (E6, E7), setting the velocity of a team in relation to its capacity, is
used to encourage the self-improvement of teams (E6). Tracking release burn-ups are intended
to achieve the optimal coordination of the whole development program and all its parties (E3).

Efficiency - The efficiency of development activities (E14, E20) is a goal that five organizations
(45%) aim to achieve. To measure and support the achievement of this goal, for instance, the
metrics planned vs. actual number of features or user stories (E14) or the feature cycle time
(E14) on the program level are used. Since programs (E11, E19, E20) and development teams
(E2, E11) should work efficiently, their average program velocity (E20) and the teams’ work in
progress (E2) are measured.

Adherence to deadlines - Another goal four organizations target (36%) is to meet all dead-
lines (E20) and to deliver in time (E14). Tracking the fill-level of the program backlog supports
achieving adherence to program deadlines (E20), and customer satisfaction ratings can reflect
if a program has delivered on time (E14). For achieving all targets of the overall program
(E6) and keeping the time frame for release dates (E5), milestone or PI burn-downs (E5) on
program level are used.

Improved controlling - Four organizations (36%) aim to improve the control of their devel-
opment processes. On the program level, organizations try to control the progress towards
meeting the release dates (E14), by measuring epic burn-downs (E12), as well as towards the
achievement of development goals (E20) and the promised delivery (E18). To improve control-
ling the planning accuracy within all programs (E18), metrics like the planned vs. achieved
key results (E20), which are large topics on a portfolio level, are used. The organizations
try to control the achievement of team performance (E6) and goals (E6), by measuring the
planned vs. actual program velocity (E20). Scaled program metrics like the epic burn-down
(E12) serve to control distributed teams (E12) to ensure a functioning inter-team collaboration.
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Productivity - Three organizations (27%) have the goal of a productive development (E2).
Therefore, metrics like the delivery rate of epics (E2) on the program level are used. With
a focus on measuring and improving the productivity of the development teams (E16), or-
ganizations track velocities and sprint burn-downs (E16). Metrics like the run and change
metric, which provides insights into the amount of work spent on maintenance and the
development of new functionalities by a program, are measured to increase the development
of new features (E15).

Enterprise architecture management - One organization (9%) aims to achieve enterprise
architecture management-related goals through the support of metrics. These goals comprise
the objective to have organization-wide access to functionalities of public cloud providers
and all available features of software vendors (E2). To promote using the cloud and to ensure
using up-to-date software, the proportion of the organization’s application landscape running
on cloud technology and without a full vendor support is measured (E2).

Automation - Automating the development processes is the goal of one organization (9%).
To support the automation of the deployment processes of a whole portfolio, the organization
aims for a functioning CI/CD chain (E2). To facilitate achieving this goal, measuring the
proportion of the organization’s application landscape running on cloud technology is used
to drive the usage of cloud technology (E2).

Product

Each organization has goals that are product-related and tries to achieve them with the
support of metrics. 34 of all identified metric-related sub-goals (18%) belong to this goal
category, and 69 (35%) identified metrics are implemented to support the achievement of
product-related goals.

Quality - The most common product-related goal is the quality of the developed software (E3,
E4, E8, E9, E10, E11, E13, E15, E19). The software products should be scalable (E2), secure (E2),
stable (E2, E14), have high availability (E14, E17), and fulfill all non-functional requirements
(NFR) (E20). To achieve these quality characteristics like fulfilling all NFRs, metrics like
open NFRs (E22), are measured. Calculating metrics like a organization’s proportion of
applications running on cloud technology (E2) can accelerate its digital transformation and,
in this way, contribute to the security and stability of the organization’s products (E2). For
measuring the software product quality (E9, E14), for example, regarding its performance
when used by customers (E3) and reducing risks (E14), metrics like the defects in produc-
tion (E3, E9, E14) are used. To evaluate the quality of features, the number of defects in
a delivered feature (E1) is measured. Metrics like the number of feature teams (E5) in a
program are implemented to increase the feature quality. To support and ensure code quality
(E8, E11) the unit test coverage (E11) is measured. For increased product quality, programs
measure metrics like test errors (E5) and coverage (E5). With a focus on optimizing the
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value produced by the teams of a program, metrics like the program utilization level (E3) are
used to avoid that development teams are overloaded and only focus on throughput (E3).
Finally, customer satisfaction ratings can be a quality indicator of the delivered products (E14).

Time-to-market - Six organizations (45%) aim to reduce their time-to-market (E1, E3, E8,
E12, E13) and measure the achievement of this goal and their speed of delivery (E19) by
calculating the feature lead time (E1) of large initiatives (E13) and products (E3) on the
program level. Measuring the number of features in a blocked state can help understanding
impediments and improving the program’s time-to-market (E8). To ensure their ability to
release (E10), programs measure the total amount of defects of a software product (E10). To
achieve continuous release readiness (E3), metrics like the time from the decision to release
to actual release (E3) are used. A program’s releases should be frequent and in short cycles
(E12), which is supported by measuring metrics such as the completed user stories of an epic
(E12).

Delivery reliability - Five organizations (45%) want to ensure the delivery reliability. To
achieve their goal of delivering all planned deliverables (E6, E9, E11, E18, E20) and to reduce
the risk of not meeting this goal (E11) by measuring and planning the effort realization,
metrics like the planned and actual velocity of teams and programs (E11) or the delivery rate
of QBR epics on portfolio level are used (E20). For measuring the achievement of the delivery
reliability, the metrics planned vs. actual number of user stories per sprint on program level
are used (E9). Metrics can also help to achieve the commitment of programs (E18), as well as
the program’s liability for the planned development effort (E15).

Feedback - Receiving feedback regarding their products is a goal that three organizations
(27%) want the achieve. The feedback provided by tests (E3) or stakeholders (E12) to evaluate
the quality of the developed features (E1) should be fast. Metrics that can getting feedback
fast are, the execution time of the program’s test pipeline (E3) or the throughput of its CI/CD
pipeline (E3). The metric feature usage (E1) can provide valuable feedback regarding the
quality of features. For receiving feedback from stakeholders quickly, early usability of
software products is required and can be supported with metrics like the completed user
stories of an epic on program level (E12).

Contract fulfillment - Three organizations (27%) have the goal of fulfilling their contracts
with customers (E7) and, in particular, existing service level agreements (SLAs) (E14, E15). In
the case of story point-based contracts, metrics like the planned program velocity per sprint
(E7) are used to support contract adherence. To facilitate the fulfillment of SLAs, programs
measure the time for responding and fixing a defect in production (E5) or count the existing
and resolved defects (E14).
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Customer

Eight organizations (73%) support the achievement of customer-related goals through metrics.
Overall, 13 of the identified sub-goals (7%) belong to this goal category, and 49 (25%) of all
identified metrics are measured within organizations to support customer-related goals.

Satisfaction - The most common customer-related goal, which six organizations (46%) aim
for, is to achieve customer satisfaction (E2, E3, E4, E6, E7, E8, E9, E11, E14, E15, E17, E20). To
ensure this goal, having transparency of how satisfied customers are is relevant (E14, E17).
Therefore, the organizations have implemented different customer satisfaction ratings on
the program level (E2, E7, E8, E14). Also, program-level metrics that evaluate and help to
improve the performance of products like the downtime (E2) or defects in production (E3,
E8, E9, E14) can contribute to achieving customer happiness. Likewise, fast and reliable
development of a product, assessable and supported with metrics like the velocity (E4, E11,
E17) or the remaining work after a sprint of a team (E11) are used. To achieve customer wealth
(E7), metrics like the cost per working hour of a feature (E7), are measured. Also, customer
acceptance (E15) and to create customer benefits (E20) are relevant for organizations. In
addition, organizations aim to ensure reliability towards their customers (E9, E15) and try to
support this goal by visualizing their progress with Release burn-downs (E9), by monitoring
the spent effort within a program with metrics like the effort distribution on projects (E17) or
by measuring delays of planned releases (E9).

Centricity - Four organizations focus on customer centricity (E15) and proximity (E3) dur-
ing their product development process. To develop products as user-friendly as possible,
metrics like the lead time of a software operation (E3) are used. For fulfilling the needs
of their customers, organizations aim to gain insights into their usage behavior, using the
metric feature usage (E1). For clarifying assumptions about their customers (E1), for in-
stance, the metric mobile operating system (OS) adoption rate at customers can help to
understand which mobile OS customers use (E1). Moreover, the delivered software products
and functionality should have a "customer impact" (E2), meaning customers need them (E2).
Various customer satisfaction ratings (E2) are used to assess and improve the "customer
impact." Due to their focus on the achievement of all deliverables promised to customers, met-
rics like the planned vs. actual effort a program realizes can support customer-centricity (E15).

Communication -The goal of one organization (9%) is to ensure good communication with
customers (E15) based on the information about the available capacity of a program, gained
by measuring the distribution of effort spent on maintenance and the development of new
features (E15). To ensure sufficient transparency towards customers (E15, E17), the average
user story cycle time of a team or a program (E17) is calculated.
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Finance

Six organizations (55%) have financially-related goals that they try to achieve using metrics.
These goals include nine of the identified sub-goals (5%) tried to be achieved with the support
of 32 of all identified metrics (16%).

Cost management - Six organizations (54%) want to achieve effective cost management,
including the reduction of costs (E1, E2, E15) and to operate cost-efficiently (E2). A metric
used to support and measure both goals is the financial run rate of agile programs (E2).
The metric mobile OS adoption rate of customers can help to reduce costs by indicating
which OS requires support (E1). Measuring the number of sprints required by a program
to complete a repetitive job is done to see how cost-efficient a program works (E2), and the
metric proportion of a organization’s application landscape running on cloud technology is
used to contribute to be cost-efficient, as using cloud technology can have financial benefits
regarding scalability (E2). Moreover, the organizations want to adhere to budgets (E14, E20)
and use metrics like the fill-level of their program product backlog to estimate and control
its achievement (E20). Since an in-budget delivery can contribute to satisfying customers,
achieving this goal is potentially reflected in customer satisfaction ratings (E14). To ensure
effective cost management, organizations aim for cost controlling (E19), supported by metrics
like the user story cost vs. business value (E19). Moreover, organizations try to achieve
transparency of the financial performance of programs created through metrics like the
program velocity factor per sprint (E11) and the transparency on misinvestments into features,
indicated by measuring the feature usage to save money (E1).

Profitability - Four organizations (45%) target the goal of profitability (E4, E6, E7, E8, E11,
E14, E19) and want to create revenue with their development efforts (E2). Metrics, which
can help to measure and ensure profitability, are the effort distribution on different types
of work within a program (E19), the costs per working hour of a feature in a program
(E7) or the business value delivered per PI of a program in form of monetary value of the
developed features (E14). As a fast delivery of all promised deliverables can contribute to
being profitable, the velocity (E4) and velocity factor (E4, E7, E8, E11) of teams or programs
can support achieving this goal. Finally, since customer satisfaction can be an indicator for
profitability and can facilitate its achievement, some organizations also connect customer
satisfaction metrics (E2, E6) like App store ratings (E2) to the goal of profitability.

Employee

Five organizations (45%) have goals that are related to their employees. A total of 10 sub-goals
(5%) are part of this goal category, and 13 metrics (7%), which could be identified within the
organizations, are used to facilitate achieving employee-related goals.

Motivation - The most common employee-related goal, which four organizations (36%) want
to achieve, is to motivate employees (E1, E13, E17) and especially teams (E4). Organizations
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use different burn-downs, such as epic burn-downs on the program level (E13) or task-based
sprint burn-downs (E1) on the team level for this purpose. Survey-based employee satisfaction
ratings on different organizational levels, such as the program level, can help to gain insights
and improve employee happiness, which can be connected to their motivation (E17).

Satisfaction - Two organizations aim for high satisfaction of their employees (E13, E14, E17),
for instance, to ensure employee retention (E14). Thus, as the basis for meeting this goal,
organizations aim for transparency of employee satisfaction (E14). To support and measure
the achievement of employee satisfaction, metrics like the organization-wide Employee Net
Promoter Score (E13) and employee surveys, including satisfaction ratings on the program
level, are used (E14, E17).

Feedback - One organization (9%) tries to provide feedback for their employees (E13) based
on the information that metrics provide. Metrics, which support receiving this goal, are
burn-downs like an epic burn-down, which give teams insights into the program’s progress
(E13).

Creativity -A goal one organization (9%) tries to achieve by ensuring a safety net of tests for a
program’s development teams working on the code of a software product is the creativity of
their developers (E5). Therefore, test gaps in the testing environment are measured to detect
test gaps regarding software components (E5).

Health - One organization (9%) aims to ensure the health of its employees (E7) and members
of its agile development teams (E11). To support the achievement of this goal, metrics that
allow assessing if the amount of work performed by employees is as required are used.
Examples are the metric working hours of an employee that counts all hours an employee
works (E7) and the velocity factor (E11), which also provides insights into a team’s amount of
completed work and thus, the team’s health.

4.5.3. Reasons for using metrics in large-scale agile software development

Based on 287 expert statements, 237 individual reasons to use metrics in large-scale agile
software development could be identified. These individual reasons were grouped into
13 overarching reasons. On a more detailed level, each of those overarching reasons can
relate to one or more of the following focus areas: development organization and processes,
products, customers, employees, stakeholders, finance, and the entire organization, meaning
the company as a whole and not only the software development units, or be generic. The
reasons are summarized in Table 4.8, sorted in a decreasing order based on their occurrences.
One reason or multiple reasons counted for a single reason-category were potentially men-
tioned several times by a single expert, for example, concerning different metrics discussed
during the interview or as a generic statement. The most frequently addressed reasons for
implementing and using metrics in large-scale agile software development are transparency
(39%), improvement (22%), and controlling (13%).
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Table 4.8.: Reasons for using metrics in large-scale agile software development
Reason Occurrences Experts # of experts

Transparency 111 (39%)
Development organization and processes 56 (20%) E1, E2, E3, E4, E6, E7, E8, E9,

E10, E11, E12, E13, E15, E16, E17,
E18, E19, E20

18 (90%)

Product 18 (6%) E1, E2, E3, E8, E9, E11, E14, E15,
E18, E19

10 (50%)

Generic 13 (5%) E2, E4, E5, E6, E7, E8, E9, E12,
E13, E15

10 (50%)

Entire organization 9 (3%) E1, E2, E8, E10, E12, E13, E18,
E20

8 (40%)

Customer 7 (2%) E1, E7, E8, E9, E14, E17 6 (30%)
Finance 5 (2%) E1, E6, E7, E9, E13 5 (25%)
Employee 2 (1%) E6, E8 2 (10%)
Stakeholder 1 (<1%) E19 1 (5%)
Improvement 62 (22%)
Development organization and processes 28 (10%) E1, E2, E3, E5, E6, E10, E12, E14,

E16, E17, E19, E20
12 (60%)

Generic 13 (5%) E3, E4, E7, E8, E9, E11, E14, E15,
E18

9 (45%)

Product 12 (4%) E1, E3, E5, E10, E11, E14, E15 7 (35%)
Entire organization 4 (1%) E1, E3 2 (10%)
Employee 4 (1%) E6, E13, E15, E17 4 (20%)
Customer 1 (<1%) E9 1 (5%)
Controlling 38 (13%)
Generic 14 (5%) E3, E4, E7, E10, E12, E14, E15 7 (35%)
Development organization and processes 10 (3%) E2, E3, E5, E6, E12, E15, E16, E20 8 (40%)
Entire organization 5 (2%) E1, E12 2 (10%)
Employee 4 (1%) E1, E2, E6 3 (15%)
Product 3 (1%) E4, E7, E10 3 (15%)
Finance 2 (1%) E19 1 (5%)
Planning 24 (8%)
Development organization and processes 12 (4%) E3, E4, E7, E8, E11, E13, E16, E17 8 (40%)
Generic 7 (2%) E5, E7, E8, E11, E13 5 (25%)
Product 6 (2%) E6, E10, E11, E16, E17, E20 6 (30%)
Employee motivation 11 (4%)
Development organization and processes 9 (3%) E1, E4, E6, E7, E8, E15, E16, E17,

E20
9 (45%)

Entire organization 2 (1%) E13, E15 2 (10%)
Agility 9 (3%)
Generic 8 (3%) E2, E7, E12, E13 4 (20%)
Development organization and processes 1 (<1%) E13 1 (5%)
Problem identification 9 (3%)
Generic 3 (1%) E4, E12, E17 3 (15%)
Product 3 (1%) E7, E11, E12 3 (15%)
Development organization and processes 3 (1%) E6, E12, E20 3 (15%)
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Table 4.8 – continued from previous page
Reason Occurrences Experts # of experts

Stakeholder involvement 8 (3%)
Customer 6 (2%) E6, E8, E11, E14, E15, E16 6 (30%)
Generic 1 (<1%) E14 1 (5%)
Entire organization 1 (<1%) E16 1 (5%)
Risk mitigation 7 (1%)
Product 3 (1%) E3, E15 2 (10%)
Customer 1 (<1%) E3 1 (5%)
Development organization and processes 1 (<1%) E9 1 (5%)
Finance 1 (<1%) E3 1 (5%)
Generic 1 (<1%) E7 1 (5%)
Decision making 3 (1%)
Generic 2 (1%) E5, E14 2 (10%)
Stakeholder 1 (<1%) E19 1 (5%)
Goal setting 2 (1%)
Generic 2 (1%) E2, E9 2 (10%)
Creation of trust 2 (1%)
Development organization and processes 2 (1%) E9 1 (2%)
Coordination 1 (<1%)
Development organization and processes 1 (<1%) E12 1 (5%)

Transparency

Development organization and processes - A common reason for using metrics is to increase
transparency within the development organization. Metrics are intended to obtain feedback
on initiatives or changes (E4) and to make the efficiency of processes and the development
transparent (E3, E19), especially regarding the current situation of programs (E4, E8, E10,
E11, E17) and their teams (E6, E17). For example, metrics like the number of features per
PI, are used to obtain transparency on potential problems in programs (E15). Release (E9)
and epic burn-downs (E12) are tracked to make the program’s progress more transparent
(E9, E12) and to identify deviations from the program’s plan (E12). On the team level, in
particular, the velocity is used for creating transparency, including potential problems (E17),
team progress (E17), stability (E1), and performance (E17). Other objectives are to support
improving team estimates and avoid over-commitment based on the established transparency
(E16). Likewise, the sprint burn-down is used to create transparency for teams as a basis for
self-improvement (E16). A reason for measuring metrics like a team’s work item cycle time
(E2) or the number of sprints required for a repetitive job on program level (E2) is to gain
insights into their agility (E2).

Product - In many cases, metrics are used to create transparency on product-related topics,
such as the value created by developing products (E19) and their performance when used by
customers (E3). For example, the lead time of large product demand is measured to obtain
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transparency of the delivery speed (E19), and blockers are tracked to make reasons for delays
more transparent (E8). Measuring metrics like the delivery rate of QBR epics on the portfolio
level is performed to create transparency on the actual delivery (E18). The release burn-down
is used to identify the need for de-scoping of the product’s functionality (E9). A reason to
measure the program velocity per sprint is to make the program’s produced value more
transparent (E11). Also, metrics like the total defects are used to gain transparency on the
stability of a product (E8), and measuring the defect-feature ratio is implemented to assess
product quality (E1). Finally, the metric feature usage is measured to make misinvestments
into features transparent (E1).

Generic - In general, metrics are used to increase transparency (E5, E6, E7, E8, E12, E13,
E15), in particular, on the current state (E4), on progress (E17), on problems and need for
actions (E2), and to react (E2). Moreover, metrics are measured since they can serve as leading
indicators to secure being on track (E9).

Entire organization - Also, creating transparency organization-wide transparency is a reason
for using metrics (E18). Metrics are measured to make the organization’s current situation
(E1, E8, E12, E13) and its progress (E2, E18) transparent, also on a higher organizational level
(E12). The scaled metric planned vs. actual number of capabilities, which are higher-level
large solution behaviors further broken down into features and user stories, allows creating
organization-wide transparency (E20).

Customer - Metrics are used to create transparency on customer-related topics, for instance,
to achieve more transparency towards customers (E17). An example is the release burn-down
on the program level used for realistic planning and offers (E9). In addition, the metric mobile
OS adoption rate of customers is used to gain insights on customers’ usage behavior and
clarify assumptions about them (E1). Also, making the customer satisfaction more transparent
is the main reason for measuring customer satisfaction metrics (E6, E8).

Finance - Another reason for using metrics is to achieve financial transparency (E6), for
example, on revenue (E13). Metrics are used, as they are an early indicator for economic
success (E11) and can provide transparency on the profitability of a program (E7). The metric
feature usage (E1), for example, is measured to identify saving potentials since unpopular
features do not require further investments (E1).

Employee - Achieving transparency of employee-related topics is a reason to use metrics. For
instance, employee satisfaction metrics (E6) are measured to increase the transparency of the
employee (E6, E8) and team satisfaction (E6).

Stakeholder - Metrics are used to increase the transparency regarding stakeholders in large-
scale agile software development environments. An example is the transparency of the
performance of collaboration partners (E19).
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Improvement

Development organization and processes - A common reason for using metrics is the im-
provement of the development organization and its processes (E5). Especially achieving
efficiency (E3, E19, E20), team performance (E6), evolution (E17), and self-improvement of
teams (E2, E6) based on understanding their own and the program’s progress (E12) are tried
to be achieved. Sprint report metrics, like the number of remaining story points after a
team’s sprint, are measured as a basis for improving the teams’ way of working and their
commitment (E16). To increase the flexibility of the teams in a program, the average lead
time of user stories is measured (E17). Another reason for using metrics is improved manage-
ment of teams (E17). Thus, metrics like the planned team velocity are measured to support
avoiding overloading them with work (E17). To improve and stabilize the development flow
of programs, the feature lead time is used (E1). Metrics on a organizational level, like the
number of APIs gone live or the proportion of the application landscape running on cloud
technology, are employed to drive technological infrastructure transformation (E2).

Product - Measuring metrics is done to improve the products developed in large-scale agile
software development, in particular, regarding quality (E17). Test errors in a build on program
level are measured to improve the developers’ way of analyzing errors, to write qualitative
tests, and to achieve a more stable software (E5). A reason for tracking metrics related to the
fulfilled performance and stability requirements of a product is to support the competitiveness
based on product performance (E3). In addition, customer satisfaction is measured as a
starting point for discussions regarding the improvement of feature quality (E14).

Generic - A general reason for using metrics is their value regarding improvements (E3, E14,
E18), as they allow the identification of improvement potentials (E4, E8, E11, E18). Metrics
are used to secure reaching expectations (E9), support achieving goals (E7), such as progress
(E15) or efficiency (E18), and maintain a good level of overall quality (E3). Also, metrics are
used for comparability to identify best practices (E3).

Entire organization - Achieving an organization-wide improvement is also a reason for using
metrics. Metrics are used to improve and stabilize the overall organization (E1) or to initiate
organizational change on the right topics (E3). However, some managers also use metrics to
prove their goal achievement with metrics (E1).

Employee - Another reason for metrics is their support in improving employee-related topics
like employee satisfaction. Employee satisfaction metrics can be the basis for identifying
improvement potentials regarding employee and team satisfaction (E6) and are used to keep
managers focus on the health of teams (E17). Metrics like the lead time of initiatives on the
program level are tracked to support employees in staying focused (E13). Metrics are also
used to promote the self-responsibility and creativity of employees (E15).
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Customer - Metrics are used to support the improvement of customer satisfaction. An
example is the metric defects in production, as a smaller number of defects potentially leads
to higher customer satisfaction (E9).

Controlling

Development organization and processes - Most commonly, metrics are used for controlling
the development organization and process, such as the progress of programs (E20). For
instance, the release burn-down or the number of features per PI of a program are tracked for
steering programs into the right direction (E15). The release burn-down is also used to control
complex development processes within programs (E3), often including multiple teams (E12).
Metrics like the velocity are measured to steer teams (E16), metrics such as the completed
user stories of an epic on program level (E12) are used to simplify the controlling of reaching
specific development targets

Generic - In general, metrics are used, because they allow controlling (E3, E4, E10, E12, E14)
and steering (E7, E14), for example, by measuring progress (E15).

Product - Metrics are also used for product-related controlling, for example, regarding the
software product quality (E10) and in order to steer teams to create the best quality soft-
ware products (E7). For instance, the metric total defects enables the controlling of defects (E4).

Entire organization - Also on organization-wide scope metrics are used for controlling. Met-
rics are implemented for controlling the overall organization (E1), its current situation (E12),
and for steering the organization in an agile way (E1). However, another reason for implement-
ing metrics is that they allow managers to control for achieving personal goals or bonuses (E1).

Employee - A further reason for the use of metrics is the controlling of the people working in
an organization (E1, E2). Moreover, metrics to measure employee satisfaction (E6) are used to
control employee and team satisfaction as well as team health (E6).

Customer - Metrics are also used to enable financial controlling (E19), for example the
controlling of providers to be competitive based on price (E19).
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Planning

Development organization and processes - Metrics are used particularly since they enable
planning the development organization and process. Sprint report metrics on the team level,
such as the remaining story points, are used for improving team planning and reducing over-
planning (E16). Metrics such as the velocity on the team level, are measured to support the
sprint capacity planning and improve the planning of the program’s roadmap (E16), like the
program’s utilization level (E3). The program velocity factor per sprint is used to support the
planning in programs (E7, E11), for example, regarding milestones (E8). The lead time of large
initiatives on the program level is measured to support prioritizing initiatives to work on (E13).

Generic - In general, a reason for using metrics is their value and helpfulness for planning
(E7, E8, E11, E13). Likewise, metrics are used as they can help to improve predictability (E5).

Product - Another reason for using metrics is their support for planning product-related
topics such as forecasting deliver dates (E17) or planning of delivery roadmaps (E16). Also,
metrics are implemented as they help to achieve delivery predictability (E6, E10, E16, E20).
Metrics like the remaining defects per sprint in a program are measured to support the
capacity planning for fixing a product’s defects (E11).

Employee motivation

Development organization and processes - The value of metrics regarding the motivation
of the employees of the development organization is a reason for using them. Metrics like
the sprint burn-down (E1, E16) or the velocity (E17) are used to motivate teams. On a scaled
organizational level, the program’s velocity serves to motivate the employees working in a
program (E20). In addition, setting shared metric target values for all teams in a program
helps to initiate inter-team support (E15).

Entire organization - Organization-wide metrics are used to encourage and inspire employees
(E13) as well as to ensure their commitment (E15).

Problem identification

Generic - A generic reason for the usage of metrics in large-scale agile software development
is that they enable the identification of problems (E4, E12, E17).

Product - Metrics are implemented as they can help identify product-related problems. For
example, the completed user stories of an epic on program level are measured, as the metric
can be a simple indicator for delays of the delivery (E12). Measuring the total defects is used
to assess the need for bug-fixing (E7). Tracking the actual of all reported defects serves as an
indicator for problems regarding the product’s usability (E11).
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Development organization and processes - Metrics are also used to identify problems re-
garding the development organization and its processes. As they serve as an indicator for
problems in programs, for example the epic burn-down on program level (E12) and the
planned vs. actual program velocity (E20) are measured.

Stakeholder involvement

Customer - Metrics are used in particular as they allow customer involvement to facilitate
joint planning (E5 E16) and communication (E5, E8, E16). The metric program velocity factor
per sprint is measured to simplify the communication with customers (E8) and as the basis
for contract negotiations (E11). One reason to track the number of defects in production is
their positive external effect on customers (E15). A further motivation for measuring customer
satisfaction is having a potential starting point to improve this goal (E14).

Generic - Generally, metrics are measured as they allow to improve stakeholder involvement,
especially due to their potential of establishing a basis for discussions.

Entire organization - On an organization-wide scope, metrics are used to facilitate organization-
wide communication. Scaled metrics like the epic burn-down on the program level are used
due to their suitability for management communication (E16).

Risk mitigation

Product - Metrics are used to mitigate product related risks. While measuring metrics like
planned vs. actual program effort to enable an early escalation based identified problems like
delays (E15), tracking metrics related to the fulfilled performance and stability requirements
of a product can help to prevent product-related problems after its release (E3).

Customer - With a focus on the customers, metrics are also used to mitigate related risks.
An example are metrics related to the fulfilled performance and stability requirements of a
product, which allow the pre-estimation of customer experience (E3) to reduce the risk of
dissatisfied customers.

Development organization and processes - Mitigating risks regarding the organizational
development environment is another reason for using metrics. For instance, metrics like the
planned vs. actual number of user stories on the program level are measured since they
support preventing the over-commitment of teams in a program (E9).

Finance - Metrics are used to prevent financial risks. Metrics related to fulfilling the perfor-
mance and stability requirements of a software product are tracked to prevent costs caused
by a bad product performance after its release (E3).
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Generic - A general reason for using metrics in large-scale agile software development is to
avoid risks resulting from the agile environment (E7).

Decision making

Generic - Generally, metrics are used to derive information to facilitate decision making (E5,
E14).

Stakeholder - Also, metrics are measured to enable decisions regarding different stakeholders,
such as further collaboration with partners (E19).

Goal setting

Generic - In general, a reason to use metrics is that they can serve as the basis for setting
goals based on founded information (E2). Metrics are also implemented for setting targets in
form of lagging indicators (E9).

Creation of trust

Development organization and processes - Metrics are used to establish trust within organi-
zations’ development environments. The release burn-down is implemented to increase the
trust between the product management and teams of a program (E9), and the planned vs.
actual number of user stories on program level is measured to increase the trust regarding
the commitment of the program’s development teams (E9).

Coordination

Development organization and processes - A final reason to use metrics in large-scale agile
software development is to coordinate the multiple teams of the scaled agile development
environment (E12).

4.5.4. Beneficial inherent characteristics of metrics

In total, the interviewed experts made 79 statements regarding positively perceived charac-
teristics of metrics during our interviews. Based on these statements, 34 different inherent
characteristics of metrics that the interviewed experts assess as beneficial could be identified.
These individual characteristics were grouped into 13 main characteristics, which are illus-
trated in Table 4.9, sorted in a decreasing order based on their occurrences, and explained
hereafter. One or more benefits counted for a category could be mentioned multiple times by
a single expert, for example, concerning different metrics discussed during the interview or
in a general statement. The most frequently addressed beneficial characteristics of metrics are
the simplicity of a metric and its usage and the understandability of the metrics measurement.
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Beneficial inherent characteristic category Occurrences Experts # of
experts

Simplicity of metric 49 (62%) E1, E2, E4, E7, E8,
E9, E10, E11, E12,
E14, E17, E18, E19,
E20

14 (58%)

Understandability of measurement 12 (15%) E2, E5, E10, E13, E20 5 (15%)
Validity of scaled value not affected by team specific
instantiation

3 (4%) E7, E15 2 (10%)

Metric calculation based on real data and experience 3 (4%) E10, E19 2 (10%)
Availability of data required for metric calculation 2 (3%) E12, E19 2 (10%)
Scaled value is less subject to volatility 2 (3%) E7, E10 2 (10%)
Anonymity of metric data collection 2 (3%) E6, E16 2 (10%)
Clear responsibilities regarding metric 1 (1%) E5 1 (5%)
Goal orientation of metric 1 (1%) E5 1 (5%)
Manipulation safety of metric value 1 (1%) E11 1 (5%)
Comparability of metric 1 (1%) E1 1 (5%)
Slight feeling of being controlled by metric 1 (1%) E16 1 (5%)
Standardization and regular measurement of metric 1 (1%) E18 1 (5%)

Table 4.9.: Beneficial inherent characteristics of metrics

Simplicity of metric

The most commonly mentioned beneficial characteristic of metrics is their simplicity (E1, E2,
E4, E8, E11, E20) and their simple use (E7, E10, E11, E14). This simplicity, in particular, refers
to a simple calculation (E1, E9, E10, E11, E14, E18, E20) and measurement (E2, E19) of metrics.
Metric examples are the feature usage by customers, which can be measured based on a
back-end counter (E1), and the mobile operating system adoption rate of customers, which
app stores provide (E1). In addition, a simple metric interpretation (E2, E10), monitoring
(E7, E12), tracking (E7, E12), steering (E7), optimization (E2) as well as an easy reporting (E2,
E20) and visualization of metrics, such as in case of burn-downs on program and team level
(E10), are assessed positively. With a focus on scaling metrics in large-scale agile software
development environments, metrics like the monthly financial run rate of agile programs
(E2), are especially useful, as they are simple to scale (E2, E7, E10, E20). Related thereto, the
advantage of metrics used on a team level, such as the velocity, is that they do not require
the definition of complex aggregation rules (E17). Another advantageous characteristic of
metrics like the Number of completed user stories of an epic is that they are measured with
low administrative overhead and can be monitored fast (E12).

Understandability of measurement

Many experts value metrics that are understandable (E2, E5, E10, E13, E20). For example, the
metrics number of APIs gone live (E2) on the portfolio level, the number of sprints required
for a repetitive job on the program level (E2), and the planned vs. an actual number of
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realized capabilities of a program (E20), can be understood without much expert knowledge
or a deep analysis of a metric, its calculation, and purpose. Also, a consistent understanding
of a metric within an organization is seen as beneficial (E5).

Validity of scaled value not affected by team-specific instantiation

An advantage of metrics on a scaled level, like the completed story points of a large program-
wide initiative (E13), is that they are often more stable, as they are more independent from
the team-specific estimations (E13). This stability of scaled metrics, such as the program
velocity factor per sprint, which sets the velocity of the program in relation to their capacity,
also increases the metrics’ validity for planning (E7).

Metric calculation based on real data and experience

Metrics are seen as highly valuable if they are based on real-world experience (E19) and in
case that their calculation is based on historical data (E10). An example is the metric planned
velocity of a team, estimated based on taking the average of the team’s velocity in the previous
sprints (E10).

Availability of data required for metric calculation

An advantage of metrics is the availability (E12, E19) and simple accessibility (E12) of the
data required for their calculation. For example, if all developers frequently update their user
stories in tools such as Jira4, the data for metrics, like the number of completed user stories of
an epic on the program level, is available and easily accessible in this tool (E12).

Scaled value is less subject to volatility

Another advantage especially applying to scaled metrics, is that their values are resistant to
volatility. For example, fluctuations within teams (E10) or capacities (E7) are less relevant for
the value of scaled metrics like the Planned program velocity (E10).

Anonymity of metric data collection

Employee-related metrics on a higher organizational level, such as employee satisfaction on
the program level (E6, E14), allow the employees to provide anonymous feedback (E14). This
anonymity enabled by the scaled level of the metric allows obtaining more realistic insights
on the current situation within the program, as the employees provide more honest feedback
(E6).

4https://www.atlassian.com/software/jira
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Other beneficial inherent characteristics of metrics

Besides the mentioned advantages, metrics are perceived as valuable if they are hard to
be manipulated (E11) and lead to a slight feeling of being controlled among employees
(E16). Clearly defined responsibilities regarding metrics (E5) is perceived as beneficial.
Standardization and regular measurement of metrics, such as employee satisfaction within a
program, are favorable since this is a solid foundation for performing trend evaluations (E14).
Finally, goal orientation (E18) and the comparability (E1) of metrics are seen as beneficial.

4.5.5. Poor inherent characteristics of metrics

Overall, the interviewed experts made 78 statements regarding negatively perceived character-
istics of metrics during the interviews. Based on these statements, 61 inherent characteristics
of metrics, which the interviewed experts perceive as poor, could be determined. These
individual characteristics were grouped into seven main characteristics, which are illustrated
in Table 4.9, sorted in a decreasing order based on their occurrences, and explained in the
following. One drawback or more drawbacks counted for a category could be mentioned
multiple times by a single expert, for example, concerning different metrics discussed during
the interview or in a general statement. The most frequently addressed poor metric char-
acteristics are lacking usefulness and the effort related to implementing and measuring the
metric.

Poor inherent characteristic Occurrences Experts # of
experts

Lacking usefulness of metric 37 (47%) E1, E2, E4, E6, E7,
E10, E11, E12, E13,
E14, E15, E17, E18,
E20

14 (70%)

Metric-related effort 12 (15%) E1, E2, E3, E5, E19 5 (25%)
Dependence on data quality 9 (12%) E2, E9, E14, E17 4 (20%)
Lacking insights on reasons for deviations 9 (12%) E1, E2, E3, E5, E10,

E12, E14
7 (35%)

Lacking guidance on actions 5 (6%) E1, E3, E10, E12 4 (20%)
Dependence on data availability 4 (5%) E12, E13, E14 3 (15%)
Complexity of metric reducing understandability 2 (3%) E10, E12 2 (10%)

Table 4.10.: Poor inherent characteristics of metrics

Lacking usefulness of metric

The most common drawback of metrics is a lack of value or usefulness (E1). Some metrics
have lacking value if not seen in relation to other dimensions, such as if a team’s velocity is
not monitored over time (E1), if they are not measured frequently (E14), or have a lack of
value without further investigations (E1). In some cases, metrics are no perfect indicator for
achieving specific goals such as measuring the product quality by counting the total amount
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of defects (E10), as defects could exist but could be uncovered (E10). A few metrics are not
perceived as a perfect tool for planning (E7) or even as not usable for planning, like the metric
defects in production (E15). Especially metrics related to defects lack predictability (E10, E15),
as they are depending on the time of the testing phases (E10). Other metrics like the sprint
burn-down on the team level are criticized for only visualizing obvious information (E1) or
for being a rough indicator (E11). Sometimes, metrics also do not reflect particular goals or
potentially lack a sufficient level of detail. For instance, measuring the financial run rate of an
agile program does not perfectly reflect if the program works cost-efficiently (E2). Another
example is the velocity on program level per sprint, which is not assumed to be the ideal
indicator if a program has worked more efficiently, as the number of team members in the
teams may have increased (E11). Likewise, the number of total defects of a software product
is no perfect indicator for quality, as there can exist uncovered defects (E10), and metrics like
the proportion of an organization’s application landscape that is running on cloud technology
do not provide information if relevant applications went to the cloud (E2). Another related
reason which decreases the usefulness of metrics in large-scale agile software development is
that metrics on a higher level, such as the number of completed user stories of an epic on the
program level, provide limited insights on the team level progress (E14). However, if metrics
focus on one specific area, such as a single program, they do not provide insights on other
areas and can lead to a loss of the overall holistic view of the development organization (E13).
Metrics such as the velocity on the team level are often based on team-specific story point
definitions, leading to potential invalidity of the metric, if it is aggregated for all teams to
obtain a higher level overview (E17). Moreover, some metrics highly depend on changes in the
development environment. One example, particularly relevant for agile software development
(E2, E7, E11) is the potential drift of the story point definition during the program, required
for calculating metrics such as the Program velocity per sprint (E11).

Metric-related effort

Metrics can be difficult to measure (E2, E17) and potentially require effort (E3) as well as time
(E3, E5), to for example set up (E3) and maintain the test environment for measuring test
errors (E5). The measurement of metrics can require resources (E3), causes costs (E3), and
possibly require justifications in front of the work council if they are highly related to the
employees of an organization (E1). Also, the complexity of the measurement tooling or its
bad performance (E5) can be problematic.

Dependence on data quality

In many cases, the usefulness of a metric depends on the quality of the data required for
its calculation. Especially metrics that measure employee (E4, E17) or customer satisfaction
(E2, E9, E14) using surveys are highly influenced by the subjectivity of participants (E14) and
their interpretation of the rating scale (E14), their value depends on the right time and types
of questions (E17), and in general on the participants (E2). The value of metrics, measuring
the satisfaction and health of a program, depend on the length of the measurement period
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(E6, E14), as ratings may be based on the last weeks instead of the whole period that should
be evaluated (E14). However, the quality of the data collected by ratings or surveys can also
deteriorate if used too frequently, and the participants get annoyed (E17). Often, the feedback
provided by customers (E9) or employees (E14) in such evaluations is not trustworthy or
qualitatively high.

Lacking insights on reasons for deviations or problems

Even though metrics such as a milestone burn-down (E5) or the number of completed user
stories of an epic (E12) on program level indicate deviations, they do not necessarily provide
insights on the reasons (E5, E10, E14). For example, a decrease in the velocity of a team (E1),
the measurement of the downtime of a system (E2), and customer satisfaction ratings (E14)
do not provide insights on reasons for problems (E2) or enough transparency for the reasons
for changes (E1). This lack can cause significant effort required to analyze the issues indicated
by the metric (E3).

Lacking guidance on actions

In some cases, metrics provide a lack of guidance on what to do based on the information
they provide (E1). Metrics are often only a starting point for identifying problems (E10, E12),
such as the epic burn-down (E12), which visualizes the program’s progress and potential
deviations, but not any reasons for the discrepancy between the current state and the original
plan. Despite the transparency provided by metrics, this transparency is not solving the
actual problem (E3).

Dependence on data availability

In some cases, the usefulness of a metric depends on the availability of the data required for
its calculation. For example, metrics such as the epic burn-down (E12) highly depend on the
up-to-dateness of their data (E12) and have a limited value if employees in a program do not
update the respective data in tools like Jira (E13). Also, the potential lack of qualitative data
required for interpreting employee satisfaction metrics (E14) is a potential drawback.

Complexity of metric reducing understandability

If metrics are complex, like the epic burn-down (E12) on the program level, they can cause
a lack of understanding of the metric (E10, E12). For instance, using the abstract unit story
points for calculating a team’s velocity, can reduce peoples’ understanding of the metric (E10).

4.5.6. Challenges related to metrics in large-scale agile software development

Based on 276 expert statements, 55 challenges related to implementing and using metrics in
large-scale agile software development were identified. These challenges were grouped into
13 categories and are summarized in Table 4.11, sorted in a decreasing order based on their
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occurrences. A challenge or multiple challenges counted for a single category were poten-
tially mentioned several times by a single expert, for example, concerning different metrics
discussed during the interview or as a general statement. The most frequently addressed
challenges regarding metrics in large-scale agile software development are collecting the data
required to calculate the metric, making appropriate decisions based on the metric values,
defining the metrics suitably, and the metrics’ potential negative effects on employees.

Table 4.11.: Challenges related to metrics in large-scale agile software development
Challenge Occurrences Experts # of experts

Data collection 51 (18%)
Lack of data quality 22 (8%) E1, E2, E3, E5, E7,

E12, E13, E14, E15,
E17, E18, E19

12 (60%)

Lack of data availability 12 (4%) E1, E2, E6, E7,
E10, E11, E12, E13

8 (40%)

Complexity of data collection 10 (4%) E1, E2, E3, E8, E10 5 (25%)
Too high effort of data collection 5 (2%) E2, E5, E12 3 (15%)
Missing anonymity of data collection 2 (1%) E6, E17 2 (10%)
Decision making based on metric 47 (17%)
Ineffective management based on metrics 23 (8%) E2, E4, E6, E7, E8,

E9, E10, E11, E14,
E16, E19, E20

12 (60%)

Misleading information derived from metric 10 (4%) E1, E9, E10, E11 4 (20%)
Difficulty of deciding on next actions 9 (3%) E1, E3, E4, E5, E8,

E12, E14, E18
8 (40%)

Lacking informative value 5 (2%) E1, E17, E20 3 (15%)
Definition of metric 30 (11%)
Complexity of metric definition 15 (5%) E1, E2, E6, E11,

E12, E13, E14, E19
8 (40%)

Definition of appropriate target value 6 (2%) E1, E2, E5, E9, E16 5 (25%)
Definition of appropriate calculation rule 5 (2%) E1, E3, E10, E11,

E14
5 (25%)

Lacking informative value 2 (1%) E3, E5 2 (10%)
Definition of appropriate tolerance values 2 (1%) E7 1 (10%)
Negative effects for employees 29 (11%)
Too high stress 15 (5%) E1, E2, E8, E13,

E14, E15, E16, E17,
E19, E20

10 (50%)

Increasing demotivation 8 (3%) E4, E7, E8, E16,
E20

5 (40%)

Feeling of being controlled 6 (2%) E1, E12, E15, E16 4 (20%)
Adoption of metric 21 (8%)
Slow acceptance by employees 4 (1%) E2, E15, E17 3 (15%)
Establishing common understanding within organization 4 (1%) E12, E16, E17, E20 4 (20%)
Sufficient management commitment 3 (1%) E2, E20 2 (10%)
Balancing management and team responsibility 2 (1%) E12, E19 2 (10%)
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Table 4.11 – continued from previous page
Challenge Occurrences Experts # of experts

Adoption of metric 21 (8%) (continued)
Slow acceptance by stakeholders 2 (1%) E17, E19 2 (10%)
Lack of openness within organization 2 (1%) E15, E17 2 (10%)
Too high time effort 2 (1%) E7 1 (5%)
Regular monitoring 1 (<1%) E12 1 (5%)
Lack of common reporting 1 (<1%) E10 1 (5%)
Metrics’ focus on local maxima 16 (6%)
Focus on one metric hinders achievement of other goals 11 (4%) E1, E7, E8, E9,

E13, E14, E15, E17
8 (40%)

Incorporating relevant information not included in metric
scope

5 (2%) E2, E7, E11, E15 4 (20%)

Metric value manipulation 15 (6%)
Binding metrics to agreements on objectives 11 (4%) E2, E7, E10, E15,

E18
5 (25%)

Team competition 2 (1%) E6, E11 2 (10%)
Management involvement 2 (1%) E2, E9 2 (10%)
Calculation of metric 13 (5%)
Achieving validity of scaled value 5 (2%) E5, E8, E10 3 (15%)
Lack of adequate tool support 3 (1%) E5, E13 2 (10%)
Incorporation of all relevant parameters 3 (1%) E7, E11, E13 3 (15%)
Provision of required resources 2 (1%) E5 1 (2%)
Changing environment 13 (5%)
Capacity fluctuations 10 (4%) E4, E8, E10, E11 5 (40%)
Varying amount of work 3 (1%) E2 1 (2%)
Lack of understanding of metric 13 (5%)
Lack of understanding due to complexity 3 (1%) E1, E12 2 (10%)
Lack of understanding of need to relate other metrics 3 (1%) E1 1 (5%)
Insufficient resources to understand metric 2 (1%) E12 1 (5%)
Lack of understanding of calculation 2 (1%) E10, E12 2 (10%)
Management lacks understanding 2 (1%) E2, E19 2 (10%)
Lack of understanding leading to misuse 1 (<1%) E10 1 (5%)
Missing knowledge about existence of metric 1 (<1%) E12 1 (5%)
Management of dependencies 13 (5%)
Intra-organizational dependencies 8 (3%) E2, E3, E9, E10,

E15, E20
6 (30%)

Technical dependencies 3 (1%) E2, E3, E9 3 (15%)
External dependencies 2 (1%) E13, E15 2 (10%)
Efficient and effective implementation of countermea-
sures 8 (3%)
Challenges in assigning countermeasures 6 (2%) E5, E8, E9 3 (15%)
Too high complexity of implementing countermeasures 2 (1%) E8, E9 2 (10%)
Internal competition 7 (3%)
Challenges in inter-team collaboration 4 (1%) E6, E9, E11 3 (15%)
Decreasing estimation quality 2 (1%) E17 1 (5%)
Decreasing product quality 1 (<1%) E8 1 (5%)
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Data collection

Lack of data quality - The main challenge regarding collecting the data required to calculate
a metric is a lack of data quality (E1). For example, a common problem with metrics such
as survey-based customer or employee satisfaction ratings (E14) is the risk of biased (E2),
political (E2), or subjective (E14) feedback. Additionally, there is the risk that mainly dissat-
isfied employees participate (E14) or that only neutral answers are given due to a lack of
time (E13) and disinterest (E17). Conducting survey-based measurements too frequently can
also decrease the data quality as the participants are annoyed by the survey (E17). Moreover,
metrics such as the completed user stories of an epic (E12) or the milestone burn-down (E5)
on the program level highly depend on the correct data input (E5, E15) as well as regular
(E12) and honest updates (E7, E17). Especially manual data input into tools can have negative
effects on the data quality (E18). The data quality can also be influenced by the measurement
environment, such as flaky tests in case of measuring test errors (E3), or if people that are
involved in the measurement have a wrong understanding of categories, for example, defect
categories to indicate the severity of a defect, or measurement scales (E14). Also, the dif-
ferentiation between good and bad data, as well as handling poor data can be challenging (E1).

Lack of data availability - Besides the lack of data quality, a lack of availability (E1, E11) is
a challenge within organizations. Metrics such as burn-downs on the team and program
level (E10, E12, E13) require people to enter data into their project management tool (E10,
E12, E13). In particular, in the case of scaled program metrics, such as a release burn-down,
the data from all teams is required to ensure the metric’s correctness. Another challenge is
the volatility of the development environment, which leads to frequent changes and thus
can influence the availability of data (E7), like in the case of story points estimations, which
can change shortly before the start of a sprint (E7). Moreover, metrics such as employee
satisfaction surveys depend on the interest of employees to participate in the survey (E6).

Complexity of data collection - Another challenge is the complex collection of data for
calculating metrics (E1). This complexity, for example, refers to processes (E1, E2) within
organizations and the processes’ monitoring, such as the recognizing and handling of merged
work items for the calculation of a team’s work item cycle time (E2). The data collection
of some metrics even requires data scientists (E1), a need required to be understood and
supported by the management (E1). In addition, the data of metrics like the program utiliza-
tion level, which requires the estimation of all planned work by all involved employees in
a program, is complex as many factors need to be considered (E3). In the case of metrics
like the total defects (E8, E10), often classified into different severity categories, the correct
categorization (E10) and filtering of real defects (E8) can be complex. Metrics such as test
errors of a program require keeping the measurement environment up to date with tests for
all usage scenarios for a product (E3).
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Too high effort of data collection - In some cases, the effort required to collect the data for
some metrics is high. For example, measuring test errors requires writing stable and good
tests (E5) and causes costs for maintaining the test environment and the machines (E5). If a
tool provides implausible results, time is required to investigate the cause (E12). Company
internal metrics related to people, such as internal customer satisfaction (E2), can also require
effort for dealing with the works council, which potentially limits employee tracking for the
data collection.

Missing anonymity of data collection - A final challenge related to collecting data required
to calculate metrics is the potential missing anonymity (E6, E17). If the anonymity of the
data collection is missing, this can distort metric values. For instance, measuring employee
satisfaction on a team level can result in too optimistic values, as the members do not want to
state their actual opinion if it can be directly traced back to them (E6).

Decision making based on metric

Ineffective management based on metrics - The most common challenge regarding decision-
making based on metrics is ineffective management. Many metrics, like the planned vs.
actual program velocity (E20) or the team velocity (E20), induce especially the management
to compare programs (E19) or teams (E2, E4, E6, E8, E10, E20). Such comparisons are often
not feasible, as teams are not comparable due to having their individual story point definition
(E20) or own calculation (E7). Moreover, metrics which provide high transparency, tempt
management to fall back into mental (E19) and micro (E20) management, which keeps people
from work (E20), undermines the teams’ self-organization (E19) and leads to tension between
management and teams (E20). Also, avoiding the management to connect hours and story
points (E10, E16), which often happens for metrics like the velocity on the team level (E16), is
challenging. Furthermore, ineffective management based on metrics can be a lack of actions
(E14).

Misleading information derived from metric - A severe challenge concerning the usage of
metrics is that misleading information can be derived, and, thus, wrong assumptions are
made based on the metric (E1). This problem can be, for example, the case for the program
metric remaining defects per sprint (E11). The metric can be misleading, as the number of
defects is no indicator for the severity of defects (E11) or since wrong or a lack of testing may
lead to a false sense of security (E11). Also, the planning based on metrics like the release
burn-down (E9) or the program’s velocity per sprint (E11) can lead to wrong or inaccurate
plans, in particular, if calculations are based on estimations (E10). Other examples are the
potential pitfalls in case of a missing, careful analysis of metric values such as the feature
usage, which could lead to the assumption that, for instance, an error dialog is a trending
feature if it is displayed and thus, closed often (E1).

Difficulty of deciding on next actions - Another challenge is to decide on valuable actions
based on the information and insights provided by the metric (E3). This challenge occurs, for
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example, in the case of metrics like burn-downs on the program level (E5, E12), employee
satisfaction metrics (E14), and the Net Promoter Score (E1). Also, deriving stable predictions
(E8) and conclusions (E4) based on velocity measurements on team level can be difficult.
Moreover, a lacking outcome orientation of metrics can complicate deciding on appropriate
next steps (E18).

Lacking informative value - A few experts claimed that, often metrics have a lack of informa-
tive value. An example are employee satisfaction ratings (E17), which do not provide valuable
information regarding improvement (E17) and need to be analyzed in combination with
qualitative feedback (E17). Often, metrics like the planned vs. actual program velocity are
only an indicator for problems and do not provide perfect insights for all teams’ achievements
as the underperformance of some teams is balanced by the over-performance of others (E20).
In general, approaching the missing informative value of some metrics can be a challenging
endeavor (E1).

Definition of metric

Complexity of metric definition - Especially the complexity of defining metrics is a common
challenge within organizations, as various aspects need to be considered. One of these aspects
is the harmonization of measurements across all teams and programs, for example, regarding
their measurement unit (E11). Also, common reference categories for calculating metrics such
as the severity categories of defects in production (E14) need to be defined for all existing
products and sub-products. When determining a story point to calculate metrics like the
team’s velocity factor, the skill levels of all team members need to be taken into account
(E6). The story point definition can change over a long period and needs to be kept stable
to ensure the metric’s value (E11). Moreover, each potential pitfall regarding metrics needs
consideration. For example, when measuring the lead time of large product demands, its
value can be extremely high, even though only one user story was open for a long time
(E19). Often, measure changing aspects (E2), like if the job measured by the metric number of
sprints required for a repetitive job changes (E2). Defining metrics requires defining clear
responsibilities, which is often hard to achieve during an agile transformation (E1). Finally,
to define metrics, which are reliable information sources, the quality of the measurement
foundation needs to be considered (E2, E12, E13). Metrics like the completed user stories of
an epic require well-phrased and maintained epics to provide valuable information (E12).

Definition of appropriate target value - Defining appropriate target values of metrics can be
a challenging task. The target values of metrics like the time for fixing a defect in production
(E9) should be realistic and achievable (E5, E9, E16). In addition, high differences between
programs can complicate defining a single target value of metrics like the feature lead time
for all programs (E1). Finally, inconsistent metric targets set by different responsible persons
can be problematic (E2, E9), as this can lead to confusion.
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Definition of appropriate calculation rule - Another challenge is defining the calculation
rules of metrics. For example, calculating the feature lead time of a program requires defining
appropriate start and endpoints (E1). Defining appropriate time-spans is also relevant for
metrics like the release burn-down (E10) as longtime planning horizons for releases reduce
the predictability at scale. In the case of story-point-based velocity measures on the team and
program level, it is relevant to define the handling of not delivered story points of user stories
(E11). Including parts of user stories leads to increased complexity, and the story points of
undone user stories have a questionable business value, but not including user story parts
causes the risk of too optimistic estimations of remaining work (E11). Moreover, it is complex
to define leading instead of lagging indicators (E3).

Definition of appropriate tolerance values - Related to the challenging definition of metric
target values, also defining appropriate tolerance values can be arduous (E5). An example is
the tolerance value for the metric utilization level of specific teams (E3). Depending on the
product version and context, like the type of product, the market, the functionality, and the
field of application, the criticality of some teams can change, and thus, their utilization will
change as well and require other tolerance values (E3).

Appropriate granularity of calculation parameters - In the case of some metrics, finding an
appropriate granularity of measurement can be challenging (E7). For instance, for calculating
the program velocity factor per sprint, setting the right granularity of items taken into account
when calculating the metric is difficult (E7).

Negative effects for employees

Too high stress - Common challenges resulting from the usage of metrics are the negative
psychological effects on employees (E1, E2, E8). Metrics like the number of sprints required
for a repetitive job in a program (E2) or burn-down charts on the program (E13) and team
level (E16) can cause stress (E2, E13, E14) and pressure (E13, E14, E15, E16, E19, E20) for
employees, in particular, in case of deviations of the metrics’ planned and target values (E13).
Reducing the perceived pressure (E15) and avoiding the resulting negative consequences such
as metric value manipulations is difficult to achieve in many cases (E15). Criticism based on
metric values is often perceived as a personal attack (E17).

Increasing demotivation - Another challenge is the potentially demotivating effects of metrics
(E4, E7, E8, E16, E20). Not achieving planned targets of metrics like the sprint burn-down on
team level (E16) or the planned vs. actual velocity per PI on program level (E20) can lead
to demotivation of employees (E4, E7, E8, E16, E20). Moreover, the motivation of teams can
further decrease if they know the metric values of other teams and their own metric value is
worse (E7).

Feeling of being controlled - Due to their extreme transparency, metrics like the velocity
(E16) or burn-downs (E16) on team level cause employees to feel controlled (E1, E16) and
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monitored (E12). Sometimes, Scrum Masters struggle to reduce this perception of control
(E16) and therefore, not reaching target values often results in justifications (E17) by teams or
employees.

Adoption of metric

Slow acceptance by employees - A common challenge regarding the adoption of metrics is
to achieve accepting the metrics by employees (E15) and to convince them to use the metrics
(E17). In some cases, the data collection and measuring effort required to calculate the metrics
causes resistance of employees (E2). Also, finding people to measure and monitor the metrics
can be a challenging task (E19).

Establishing common understanding within organization - An essential part of the success-
ful adoption of metrics is a common understanding of metrics within the whole organization.
However, establishing this understanding can be challenging (E19). The knowledge about
the improvement potential (E16) and relevance (E12) of metrics like the velocity (E16) and an
agile way of working with metrics need to exist in all organizational units (E20).

Sufficient management commitment - A general impediment for the adoption of metrics is
getting insufficient management commitment. This commitment involves middle (E20) as
well as top management commitment (E2, E20) and is required to convince people of the
implementation of metrics despite the required effort (E2).

Too high time effort - In some cases, the time effort required to establish metrics can be high,
for example if metrics have to be introduced within a team with many new members (E7).

Slow acceptance by stakeholders - Sometimes, organizations have to deal with a slow accep-
tance of the usage of metrics by all involved stakeholders, including business partners (E17)
or managers with a traditional mindset towards the use of agile metrics (E19).

Lack of openness within organization - Seldom, a lack of openness impedes the successful
implementation of metrics within the organization (E15). Therefore, establishing this openness
for metrics is a necessary but challenging endeavor (E17).

Balancing management and team responsibility - A problematic aspect of the adoption of
metrics is the contradiction between self-organization, self-responsibility, and controlling
teams and employees (E19) with metrics like the effort distribution, which tracks the number
of hours spent on each type of work such as coding or analysis (19). Therefore, it is required
to find an appropriate balance between trust and measurement (E12).

Regular monitoring - It is challenging to establish regular monitoring of metrics. Scarce
monitoring can cause late problem identification (E12) and reduction of the value of metrics.
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Lack of common reporting - In general, establishing a consistent management reporting and
presentation of metrics on all organizational levels can be challenging, especially within large
organizations (E10).

Metrics’ focus on local maxima

Focus on one metric hinders achievement of other goals - One aspect of the challenge that
many metrics focus on local maxima is that optimizing a metric can lead to the neglection of
other objectives (E7). For example, if teams or programs focus on improving their velocity
factor (E8), this can tempt them to sacrifice the quality of the software which they develop (E8,
E13). On the other hand, reducing the time required for fixing defects in production reduces
the time available for coding and finishing user stories (E9). Some people also fear that
focusing on optimizing employee satisfaction causes the neglect of customer satisfaction (E16,
E17). Likewise, strict focus on improving customer satisfaction while neglecting profitability
does not lead to organizational success (E1). Setting targets for metrics like the planned vs.
actual program effort, can limit the customer satisfaction, if the delivery is limited to the
requested scope and the customer never receives more than expected (E15).

Incorporating relevant information not included in metric scope - Another side of the
challenge of metrics’ focus on local maxima is that they do not cover all relevant information
(E7, E15, E2). The delivery rate of epics of a program for example does not take the size of
the epics into account (E2). The metric planned vs. actual program effort shows the number
of person-days spent to realize user stories and features but does not reflect these user stories’
and features’ priority (E15). Most metrics only reflect the achievement of one specific goal. For
instance, a team’s velocity does not provide insights into its efficiency, the monthly financial
run rate of agile programs does not reflect the goal of cost efficiency (E2).

Metric value manipulation

Binding metrics to agreements on objectives - Most often, metric manipulation is the con-
sequence of binding metrics to an agreement on objectives. The resulting feeling of being
controlled (E15) leads to the situation that metrics are optimized to meet the targets without
any actual value gain (E2). The metric number of APIs gone life on portfolio level can be
easily optimized to meet the metric’s target without any value gain if less complex APIs
are developed (E2). Likewise, the delivery rate of QBR epics, measuring the achievement
of the planned main milestones on the portfolio level, can be manipulated by planning a
high number of easily deliverable epics. Metrics such as the planned vs. actual program
effort in person-hours can be undermined through conservative estimates to meet the metric’s
target value (E15). Such manipulations can lead to a wrong implementation focus (E7) and a
reduced product quality (E10).

Team competition - Another trigger for the potential manipulation of metric values is compe-
tition between teams. This competition can lead to an artificial increase of metrics’ values (E6,
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E11) like the velocity (E11) if teams estimate more effort for a user story than required to let
their metric value look better (E11).

Management involvement - Especially metrics set by the management tend to cause "opti-
mization of numbers" (E2) instead of an increased value for the organization. For instance,
management politics through metrics like the planned vs. actual number of user stories per
sprint on the program level can cause over-commitment by teams.

Calculation of metric

Achieving validity of scaled value - Within large-scale agile software development environ-
ments, many metrics such as the release burn-down (E10) are used on a scaled organizational
level. Ensuring their correctness, requires reflecting that teams have different velocities (E10)
and avoiding generalizations when scaling team velocities to calculate the program velocity
(E10). In general, a correct calculation and aggregation of values over multiple different levels,
such as calculating a milestone burn-down on program level, is complicated (E5) and needs
to consider the potentially individual calculations of metrics in teams (E8).

Lack of adequate tool support - Another challenge regarding the calculation of metrics can
be a lack of adequate tool support. Slow measurement tools can lead to infrequent mea-
surements (E5). The potential instability of measurement tools can complicate the metric’s
calculation. In addition, missing tool support can impede the measurement of particular
metrics completely (E13).

Incorporation of all relevant parameters - To ensure the correctness and usefulness of met-
rics, all relevant parameters for the calculation of the metric must be considered. However,
this process is often challenging. For example, lead time calculations on the program level
require taking holiday times into account (E13). Also, the metric planned program velocity per
sprint (E11) requires taking sick days and the mood within the program into account (E7, E11).

Provision of required resources - The calculation of some metrics requires special resources,
such as high computational power to get metric results fast (E5) or space for the measuring
machines (E5). Such resources are required when for example measuring the test errors of a
complex software product (E5).

Changing environment

Capacity fluctuations - One challenge resulting from the changing market and organizational
environment are capacity fluctuations. Each fluctuation needs to be considered in the calcu-
lation (E8) and the planning based on metrics (E11) like the velocity of teams or programs
(E10). If such capacity fluctuations are not taken into account, unrealistic plans can result (E11).
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Varying amount of work - Next to capacity fluctuations, also the amount of work required
to be completed can vary and thus have an impact on metrics. For example, the team level
metric work item cycle time can depend on the amount of work within a backlog since
multiple work items may need to be completed in parallel (E2). Moreover, the planning value
of metrics decrease if the amount of work varies (E2).

Lack of understanding of metric

Lack of understanding due to complexity - A lack of understanding metrics (E1) can result
from the metric’s complexity. For example, some people struggle to understand scaled
burn-downs, as they visualize not only a single number (E12). Moreover, establishing this
understanding of metrics can be challenging (E12).

Lack of understanding of the need to relate other metrics - Some organizations have to deal
with the challenge of a lacking understanding of the need to relate metrics instead of looking
at a single, bare number (E1). For instance, teams can profit from setting their velocity in
relation to the dimension time since it allows them to assess their progress (E1). However,
many of them are not aware of that trick (E1).

Insufficient resources to understand metric - One potential reason for a lack of understand-
ing of metrics is insufficient resources. This resource lack can be, for example, missing process
descriptions for metrics or no time available to become familiar with metrics (E12).

Lack of understanding of calculation - In some cases, confusion and missing knowledge
about the calculation of metrics (E10, E12) are challenging. The challenge can even occur for
metrics like the completed user stories of an epic on the program level, which is calculated by
a tool (E12).

Management lacks understanding - Sometimes, the management struggles to gain a correct
understanding of metrics used in large-scale agile software development (E2, E19). Reasons
for this lacking understanding can be the management’s traditional mindset (E19) or their
limited available time (E2).

Lack of understanding leading to misuse - Another challenge is that a lacking understand-
ing of metrics can lead to a potential misuse, which reduces their value and usefulness
drastically (E10).

Missing knowledge about the existence of metric - Related to the missing understanding
regarding metrics is the challenge that, in some cases, employees do not know about the
existence of some metrics (E12).
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Management of dependencies

Intra-organizational dependencies - The most common challenging dependencies that in-
fluence metrics are intra-organizational. Inter-team dependencies potentially reduce the
predictability (E9, E17) and validity of a metric or complicate the achievement of target values
(E9) of metrics like the Planned vs. actual number of user stories per sprint on program level
(E9). Also, dependencies between organizational units (E15) or programs (E2) can influence
metrics such as the Delivery rate of epics (E2). Moreover, the complexity of the organizational
environment (E20) and structure (E3) can impact metric values. For example, a late testing
phase can reduce the predictability of the metric total defects (E11).

Technical dependencies - Some metrics are influenced by technical dependencies. In particu-
lar, metrics serving the evaluation of product quality, like downtime (E2), can be influenced
by dependencies to other systems (E2, E9).

External dependencies - In some cases, metric values depend on external factors (E13, E15)
such as hardware providers (E13) regularities, laws, or pandemics, which destroy the planning
and value of a metric like the Planned vs. actual program effort, which compares the planned
and the actual person-hours spent on a program in a program increment (E15).

Efficient and effective implementation of countermeasures

Challenges in assigning countermeasures - In some cases, solving deviations of a metric can
be challenging, since finding a responsible person or team, who takes care of the deviation,
such as a too high number of test errors (E5) or Blocked user stories and features (E8), can
be complicated. When implementing countermeasures for deviations of metrics like the
number of Defects in production (E9), the complexity of assigning countermeasures can also
negatively influence other metrics, like the time for fixing a defect in production (E9).

Too high complexity of implementing countermeasures - Next to the assignment of coun-
termeasures, the process of identifying the reasons for deviations (E9), such as defects (E9) or
blockers of user stories and features (E8), and the correct actions to solve them (E8), is often
complex and time-consuming.

Internal competition

Challenges in inter-team collaboration - Using metrics such as the velocity factor (E6, E8),
can cause a rising competition between teams (E6, E9, E11), especially if they are aware of
each other’s metric values (E11). This competition can cause a decrease in collaboration
between teams (E9) and a bad atmosphere in the whole program (E6).
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Decreasing estimation quality - Rising competition between teams based on metrics such as
the Velocity (E17) can lead to the risk of a decreased estimation quality, as the teams try to
improve an individual velocity value with higher estimations of less complex work.

Decreasing product quality - If teams focus too much on the competition between each other
concerning metrics like the Velocity factor, eventually also the product quality can suffer (E8),
as realizing more user stories over the same period does not necessarily lead to high quality.
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domain of large-scale agile software
development

The usage of a well-defined metric description structure is a curcial part of defining metrics
[61, 64, 130]. Still, the documentation of relevant aspects of metrics is often forgotten in
practice [61] and is a frequent challenge that organizations participating in the interview
study of this thesis have to cope with (Section 4.5). Moreover, many risks related to metrics
(Section 2.3) can be mitigated by using a comprehensive and well-defined metric description
structure. Thus, this chapter presents one of the two artifacts developed in this thesis: a metric
management fact sheet (MMFS) for the domain of large-scale agile software development. To
answer the thesis’ third research question of how a generic and minimalistic MMFS for large-
scale agile software development can be designed, the identified related literature (Chapter
2), which proposes description structures and support for the establishment of metrics, was
analyzed and served as a foundation and starting point towards the definition of the final
metric management fact sheet. Therefore, the first section (Section 5.1) of this chapter provides
an overview of the findings in the related work. Afterwards, the generic structure, designed
based on the proposed metric description elements by the related literature, intended for
the documentation and organization-specific implementation of metrics in large-scale agile
software development is presented.

5.1. Metric Management Fact Sheets in related literature

The following subsections provide an overview of different metric documentation structures
and concepts proposed in related literature. The approaches include the documentation of
metrics in the context of IT and management, a concept for the establishment of metrics
in agile software development, a documentation structure for metrics in large-scale agile
software development, and metric documentation templates, which are part of metric catalogs
in related disciplines.

5.1.1. Generic documentation structure of metrics in IT and management

Four sources [130, 61, 104, 131, 62] in management literature and one source [131] in the
domain of IT controlling propose concrete metric documentation structures. Neely et al.
[61] propose a generic management metric description structure comprising ten elements
presented in the following. Figure 5.1 illustrates all elements proposed by Neely et al. [61].
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• Title: simple and clear metric name summarizing its purpose for a common under-
standing of the metric and its relevance

• Purpose: intention for using the metric and behavioral consequences for certain stake-
holders

• Relates to: relationships to other metrics and initiatives or strategies, which are sup-
ported (quantitatively assessed) by the metric

• Formula: computation rule of the metric, in natural or formal languages

• Target level(s): target and planned values and the time frame for reaching them

• Frequency: intended measurement and reporting frequencies

• Data source: all data sources providing the data for the calculation of the metric

• Who measures: name, function or external agency

• Who acts on the data (owner): responsible person to ensure the improvement of the
metric

• What do they do: potential steps to guarantee the achievement of predefined target or
planned metric values

Title

Purpose

Relates to

Formula

Target level(s)

Frequency

Data source

Who measures

Who acts on the data (owner)

What do they do

Figure 5.1.: Metric Management Fact Sheet according to Neely et al. [61]

Popova and Sharpanskykh [104] proposes a management metric description structure consist-
ing of nine elements. Since the authors [104] do not explain two of these elements, they are
described based on the metric examples provided in their work. As Popova and Sharpan-
skykh [104] use the term indicator, it is replaced with metric according to the terminology
used in this thesis. The elements proposed by Popova and Sharpanskykh [104] are presented
hereafter, and summarized in Figure 5.1.

• Name: only named by the authors, similar to a code or identifier

• Definition: only named by the authors, based on the provided metric, this element is a
description of the metric including a high-level calculation rule
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• Type: indicating if a metric is continuous (for example a ratio) or discrete (for example
ordinal).

• Time frame: length of the time interval for which the metric is evaluated, for instance,
the metric "yearly profit" has the time frame year

• Scale: metric measurement scales of different types

• Min value, max value: relevant part of a predefined scale for the metric

• Source: internal or external source used to extract the metric, like company policies,
mission statements, laws, which explains the reasoning behind the metric

• Owner: role who measures the metric

• Threshold: indicator if changes in the value of the metric are small or big, that de-
pending on the metric measurement scale, can have a clear measurement unit like the
number of hours or unnamed units of a qualitative scale such as low-medium-high

• Hardness: describing if a metric is either soft, meaning not directly measurable and
rather qualitative like customer satisfaction, or hard, meaning measurable, quantitative,
like number of customers

Name

Definition

Type

Time frame

Scale

Min value & Max value

Source

Owner

Threshold

Hardness

continuous discrete

Figure 5.2.: Metric Management Fact Sheet according to Popova and Sharpanskykh [104]

Parmenter [62] propose a metric description structure consisting of eight elements (see Figure
5.3). The author only names the elements and does not provide any information regarding
their purpose, which increases the elements’ ambiguity and allows multiple interpretations
from a reader’s perspective. Thus, the subsequent description is based on the provided
examples. Due to the author using the term performance measure, it is replaced with metric
according to the terminology used in this thesis.

• Name of the metric: brief description of the metric and its intention
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• Type of the metric (KRI, RI, PI, KPI): classification of the metric as one of four types
of metrics - result indicators (RI), key result indicators (KRI), performance indicators
(PI), and key performance indicators (KPI).

• Person responsible: person, who is responsible for the metric

• Balanced scorecard (BSC) perspective(s) : all BSC perspectives, which are impacted
and quantified by the metric. In contrast to Kaplan and Norton [101], Parmenter
[62] uses six BSC perspectives - financial, customer focus, environment & community,
internal process, staff satisfaction, and innovation & learning

• Time zone: state of the measured entity (past, current, future)

• Suggested target: target metric values for a specific point in time

• Frequency of measurement (24/7, daily, weekly, monthly)

• Origin of measure (Name of critical success factor / success factor): "a list of issues
or aspects of organizational performance that determine ongoing health, vitality, and
wellbeing" [62].

• Teams: teams within the organization that have decided to measure the metric

Name of the metric

Type of the metric

Person responsible

Balanced scorecard perspective(s)

Time zone

Suggested target

Frequency of measurement

Origin of measure (Name of critical success factor / success factor)

Team(s)

24 by 7 daily

weekly monthly

Past Current

Future

Financial Results Environment & Community

Customer Focus Internal process

Staff satisfaction

Innovation & Learning

KRI

RI

PI

KPI

Figure 5.3.: Metric Management Fact Sheet according to Parmenter [62]

Kütz [131] describes a structure consisting of 19 elements grouped into five categories. All
elements and categories, which are illustrated in Figure 5.4 and explained hereafter, are
translated from German into English and aligned to the terminology used in this thesis. The
first category Description contains nine metric description elements to ensure a common
understanding of the metric’s intended use for all stakeholders:
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• Name of metric for timely identification and support of an intuitive understanding of
the measurement purpose, and a Description of the motivation and intention for using
the metric

• Recipient of the metric and Responsible person accountable for achieving specific
metric values

• Target value, multiple Planned values and optional Tolerance values for a metric,
which indicate permitted deviations to the specified target and planned metric values

• Escalation rules guiding the responsible person, for instance, in case a particular
tolerance value is exceeded

• Validity period of the metric, indicating the intended time interval for using it

The Data gathering category serves to identify and access data sources required for the cal-
culation of the metric. This category comprises the concrete Data sources, the Measurement
points and Measurement procedure to indicate the intended measurement frequency and
the Data contact for each source, who ensures the availability and quality of the required
data. The category Data processing addresses the calculation of a metric and comprises the
Calculation Rule of the metric and optionally the Responsible person for performing the
defined calculation. The category Presentation includes aspects related to the (graphical)
presentation of the obtained metric values. This category includes, for example, the Represen-
tation, which can contain current, planned, target, and historical metric values, an Archiving
strategy for the measured metric values, Levels of aggregations applied to the metric results
for stakeholder-specific representations and a Responsible person for the presentation. Fi-
nally, the category Other serves the documentation of additional organization-specific details,
which are not attributable to the previously described elements.

Description

Data gathering Data processing

Name Description

Target value Planned valuesTolerance values

Escalation rules Validity period

Data sources

Measurment points

Measurement procedure

Responsible person

Presentation

Calculation rule

Responsible person

Presentation

Aggregation level

Responsible person

Other

Responsible person

Responsible person

Recipient

Figure 5.4.: Metric Management Fact Sheet according to Kütz [131]
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As part of a systems and software engineering measurement process, ISO/IEC/IEEE 15939:2017(E)
[130] proposes a structure of 14 elements for the documentation of metrics (see Figure 5.5).
Since the standard uses the terms measure and measurement, both are replaced with the
term metric according to the terminology of this thesis. The description elements presented
hereafter link information needs to the relevant entities and attributes of concern.

• Information need: insight required for managing goals, risks or problems

• Measurable concept : "abstract relationship between attributes of entities and infor-
mation needs" [130], for example, the development productivity rate, calculated by
comparing the development productivity of a project group against a target rate

• Relevant entities: objects, for example, processes, products, projects, or resources, to be
characterized by measuring their attributes

• Attributes: "property or characteristic of an entity, can be distinguished quantitatively
or qualitatively by human or automated means" [130]

• Base metrics: metric defined in terms of an attribute and the method for quantifying it,
functionally independent of other metrics

– Measurement method: "logical sequence of operations, described generically, used
in quantifying an attribute with respect to a specified scale" [130] such as counting
occurrences

– Types of measurement method: nature of the operation applied to quantify the
attribute, either subjective, involving human judgment, or objective, based on
numerical rules such as counting, implemented by human or automated means

– Scale: "ordered set of values, continuous or discrete, or a set of categories to which
the attribute is mapped" [130]

– Scale type: type of scale depending on the relationship between values on the
scale, for example nominal, ordinal, interval, or ratio

– Unit of measurement: "quantity, defined and adopted by convention, with which
other quantities of the same kind are compared in order to express their magnitude
relative to that quantity" [130], for example meter or hour

• Derived metric: name of metric defined as a function of two or more values of base
metric, capturing information about more than one attribute or the same attribute of
several entities

– Metric function: calculation rule or algorithm executed for combining two or more
base metrics

• Indicator: metric providing an estimation or evaluation of particular attributes derived
from a model concerning defined information needs, serving as the basis for analysis
and decision-making

– Model: algorithm or calculation that combines one or multiple base or derived
metrics with "associated decision criteria" [130]
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– Decision criteria: numerical targets or thresholds for determining a need for action
or further investigation

Information need Concept

Entities Attributes

Base measures

Measurement method

Scale Type of scale Unit of Measurement 

Derived measure

Type of measurement method

Measurement function

Indicator Model Decision criteria

Figure 5.5.: Metric Management Fact Sheet according to ISO/IEC/IEEE 15939:2017(E) [130]

5.1.2. Support of the establishment of metrics in agile software development

Hartmann and Dymond [63] do not define a description structure for metrics but propose a
checklist covering ten relevant aspects of metrics in agile software development (see Figure
5.6). The purpose of applying the checklist when introducing a metric is to establish a
clear understanding of a metric’s intention and usage and reduce its misuse. The checklist
addresses the following aspects to clarify for each metric:

• Name of a metric "to avoid ambiguity, confusion, oversimplification" [63]

• Specific, clear Question, which the metric answers for a particular role or group

• Basis of measurement stating what is what the metric measures, including units

• Assumptions made regarding the metric to guarantee a clear understanding of repre-
sented data

• Level and usage of a metric covering its intended usage at various organizational levels
(Project including one team, Program, Portfolio) and existing limits

• Expected trend of how the metric value changes, for example, during the progress of a
project

• When to use it, for instance, based on historical experience

• When to stop using it because the metric is not useful anymore, becomes misleading,
or only results in the extra effort

• How it could be gamed by people to create more favorable metric outcomes

• Warnings including recommended balancing metrics, usage limits, and dangers caused
by improper usage of the metric
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Name

Question

Basis for measurement

Assumptions

Level and usage

Expected trend

When to use it

When to stop using it

How it could be gamed

Warnings

Figure 5.6.: Approach to support the establishment of metrics in agile software development
by Hartmann and Dymond [63]

5.1.3. Metric catalogs in software development and related disciplines

Two sources [64, 128] in the field of software development and one source [129] in the related
discipline of enterprise architecture management propose concrete metric documentation
structures as part of the design of a metric catalog for metrics in their respective field. In
contrast to the previously presented documentation structures, these structures address
elements and aspects that support the browsing and searching metrics in the catalog. The
proposed documentation structures are presented in the following.

Monahov [129] describes a generic structure for the documentation and support of an
organization-specific implementation of metrics in the domain of enterprise architecture
management. The design aims for a minimal number of description elements required to
ensure a comprehensive metric documentation as starting point for an organization-specific
metric implementation. The structure proposed by the author is based on the approaches
of Neely et al. [61], Popova and Sharpanskykh [104], Parmenter [62] and Kütz [131], which
are described in a previous part of this section. The resulting MMFS structure consists of ten
description elements organized in two categories (see Figure 5.7). For the category General
elements the author proposes the subsequent seven elements:

• Title: a clear and short summary of the purpose of the metric and supports the retrieval
of metrics during a search process

• Management summary: "motivation, expectation, intension, assumption, and justifica-
tion" [129] for the metric’s usage

• Goals: metric-related enterprise architecture management goals, the achievement of
which the metric quantifies

• Calculation rule exact calculation of a metric containing all relevant concepts and
exceptions
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• Source: origin of a metric, such as frameworks like COBIT [134] or the GQM approach
by Basili et al. [60], for example, for benchmarks

• Layers: enterprise architecture layers and cross-cutting aspects affected by the usage of
the metric to enhance transparency and understanding of the quantitatively assessed
parts of the enterprise architecture

• Information model: documentation of the underlying information model (system’s
structure) of a metric, realized as a UML diagram

• Code: unique identifier, also supporting the timely retrieval of metrics

For the Organization-specific structure elements category Monahov [129] proposes the
following two metric description elements:

• The Mapping element serves the organization-specific adaption of a metric. Each
element of the metric’s Information modelis mapped to the organization-specific termi-
nology. The result is a pair of the Name in model element and a Mapped name with
an indicated Data source, storing the respective data, and a Data contact, responsible
for the provision and quality of the required data.

• The Properties element is concerned with eight organization-specific elements: Mea-
surement frequency, Interpretation of the measured values, Owner (definition and
monitoring), Responsible person (in charge of achievement of the predefined metric
value), Target value to be achieved, Planned value(s) for concrete points in time while
targeting the target value, Tolerance value(s) and Escalation rules providing guidance
for the responsible person on how to react in specific situations, for example, when to
contact the metric owner that a particular metric value is reached.

General structure elements

Organization-specific structure elements

Title

Management 
Summary

Goals

Calculation rule

Mapping Properties

Source

Layers

Information 
model

Code

Figure 5.7.: Metric Management Fact Sheet according to Monahov [129]

Bouwers et al. [64] describe a management metric description structure (see Figure 5.8), which
comprises seven qualitative elements and eight quantitative elements as the basis for a catalog
format for software metrics. The qualitative elements are:
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• Name: full name of metric and its abbreviation

• Entity and Attribute: subject of the measurement (entity) and its characteristic that is
quantified by the metric (attribute)

• Definition: either a mathematical formula (in natural language) describing the transfor-
mation on numbers or a more detailed description if required

• Rationale (theoretical): explanation why the metric (definition) quantifies the respective
attribute

• Implications (practical): information regarding why the metric is interesting to use

• Applicable in context: contexts in which the metric is useful, or has less added value

• Solution strategies: strategies to reach a more desired value of the metric, each of
them having a short description, and either a label "solving" or as "treating" to indicate
changes are made only to affect the metric value without addressing the underlying
cause [135]

The quantitative fields of the documentation structure cover the following information:

• Level: indicator whether the metric is a base metric or a derived metric, such as a
combination of other metrics

• Type: indicator if the metric is internal and quantifies static properties inherent to the
measured entity or an external metric quantifying dynamic properties of the entity in a
context

• Range: specification which values the metric can have, for example, values in the range
[0, 100]

• Expected value: an indicator for when a single (or range of) metric value(s) is “normal”
for example, based on a benchmark

• Variability: description of the expected variance of a metric value over a specific time
period to improve the understanding of outliers

• Scale type: scale of the metric (for example nominal)

• Related metrics: list of metrics related to the documented metric based on various
aspects such as the measurement of the same attribute or a mutual influence

• Validation: optional list of studies confirming or rejecting the information contained in
the other elements

The template for web metrics proposed by Olsina et al. [128] contains 20 elements, which are
illustrated in Figure 5.9 and explained briefly in the following:

• Attribute name (title): title to identify a metric (the measured attribute of an entity)
based on its title

• Keywords/alias: all keywords related to the measured attribute, including possible
Alias
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Qualitative elements

Name

Entity

Definition

Rationale (theoretical)

Implications (practical)

Applicable in context

Solution strategies

Quantitative elements

Level

Type

Attribute Range

Expected value

Variability

Scale type

Related metrics

Validation

Figure 5.8.: Metric Management Fact Sheet according to Bouwers et al. [64]

• Attribute Definition: unambiguous and concise description of the measured attribute

• Objective/motivation: intention for measuring an attribute to support users in identify-
ing the purpose and utility of the measured attribute

• Level of independence from the application domain: information on potential reuse
in other application domains

• Attribute type: indicator if an attribute is internal or external [36]

• Entity type: type of the entity which attribute is measured, such as project, product, or
process, potentially having a sub-entity website or page

• Quality model: reference (for example ISO), indicating the quality model in which the
attribute is specified

• Characteristic: sub-item indicating the higher-level characteristic to which the attribute
is related, can be enhanced with a Subcharacteristic

• Potential categories: classification of metrics, which help users to search in the catalog

• Related metrics: support for browsing purposes

• Equation: specification, of how the metric is calculated Associated metrics: other
metrics, required for the metric’s calculation, in case the metric is non-direct

• Measurement protocol with comment and alternative procedure: definition of the
procedure and calculation rule of the metric, that, in the case of automated metrics, can
be an application algorithm to guide the data collection and computation

• Interpretation of measured value: guidance for stakeholders to understand the ob-
tained value

• Unit and Used Scale Type: measurement unit of the metric, for example, Lines of Code,
and used scale types such as nominal, ordinal, interval, ratio, or absolute

• Accuracy: metric accuracy, for example, determined considering the average hit and
miss accuracy
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• Data collection type: an indicator of how to collect the data and perform the calcu-
lation (automatically, semi-automatically, manually), enhanced with the sub-element
Measurement tools.

• Potential processes of use: processes, in which the metric can be measured

• Potential beneficiaries: parties profiting from the metric

• References: URL resources to the metric and Observations / comments

Attribute name (title) Keywords / alias

Attribute definition Objective / Motivation

Level of Independence

Entity Type
Quality Model

Characteristic

Potential Categories Equation

Related metrics Attribute Type

Protocol
Comment

Interpretation of Measured Value

Unit

Scale Type Accuracy

Data Collection Type Potential Processes of Use

Potential Beneficiaries

References Observations / Comments

Subcharacteristic

Associated Metrics

Alternative Procedure

Subentity

Subcategories

Measurement Tool

Figure 5.9.: Metric Management Fact Sheet according to Olsina et al. [128]

5.1.4. Structured collection of metrics in the context of large-scale agile software
development

As part of their proposed metrics model Olszewska et al. [90] follow a descriptive structure
to describe metrics for large-scale agile software development. This structure is based on
the concepts of Kaner et al. [106] and Briand et al. [127] and consists of ten elements. The
authors [90] only name the elements of the description structure and document the metrics
accordingly. Therefore, as most of the metrics are based on the evaluation framework
for software engineering metrics by Kaner et al. [106], the concept of Kaner et al. [106] is
presented first. The framework consists of ten questions that should be answered to evaluate
a metric. The aspects covered by these questions are also the foundation for some other metric
descriptions presented in this Section. As the authors [90, 106] use the two terms measure and
metric, the term measure is replaced with the terminology used in this thesis. The elements
of the description structures are illustrated in Figure 5.9 and presented subsequently.

• Purpose of the metric such as evaluating project status to facilitate project management
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• Scope of the metric covering the organizational level (for example a project) and the
timely scope (for example yearly)

• Measured attribute (the measured property of an entity)

• Natural scale of the attribute for example ratio scale

• Natural variability of the attribute describing inherent sources and degrees of variation
of the measured attribute

• Function that assigns a value to the attribute and measuring instrument used to
perform the measurement like counting, matching, comparing, timing, for example, by
a human, a machine, or a device

• Natural scale for this metric for example nominal

• Natural variability of the measurement instrument (measurement error)

• Relationship of the attribute to the metric value indicating expected changes of the
metric value if the value of the attribute increases or decreases

• Natural and foreseeable side effects of using the metric such as distortion (incen-
tives for employees making them allocate their time to make the metric value look
better rather than to optimize for achieving the organization’s actual goals) or dysfunc-
tion (optimizing the metric distorts employees’ behavior leading to less value for the
organization)

After the Name of each metric, Olszewska et al. [90] describe, aligned with Kaner et al. [106],
the Purpose of a metric, the Scope (use across a whole organization, unit or within a team
and the time frame of its usage, limitations or variations), a metric’s Attribute of measure-
ment and the Variability (attribute). Moreover, the authors use the elements Measuring
instrument, Natural scale (attribute) and Natural scale (metric), for example, absolute or
ratio, also covering aspects such as negative values or zero points, and Attribute—metric
relationship, which are derived from the framework of Kaner et al. [106]. The Formal prop-
erties by Olszewska et al. [90] describe the metric’s characteristics regarding non-negativity
and positivity, a zero element, disjoint attribute additivity, monotonicity and normalization
as well as the element Dimensional analysis, which addresses the computation of a metric
for different dimensional granularities such as the dimension time (hours, days, etc.).

The authors of the metric description structures and approaches that support the establishment
of metrics all define diverse elements and focus on different aspects, which need to be taken
into account when implementing metrics. Some elements, such as the name of the metric, its
calculation rule, and a responsible person, are part of the most investigated concepts. Still,
some of the other elements, like goals, are contained only in a few approaches. Based on
the presented findings, a generic management metric description structure for the domain
of large-scale agile software development is presented. According to the terminology of
Monahov [129], the designed structure is denoted a Metric Management Fact Sheet (MMFS).
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Purpose of the metric

Scope of the metric

Measured attribute

Natural scale of the attribute

Natural variability of the attribute

Function that assigns a value to the attribute

Measuring instrument that is used to perform the measurement

Natural scale for this metric

Natural variability of the measurement instrument

Relationship of the attribute to the metric value

Natural and foreseeable side effects of using the metric

Purpose

Scope

Variability (attribute)

Measuring instrument

Natural scale (attribute)

Natural scale (metric)

Attribute—metric relationship

Formal properties

Dimensional analysis

Name

Attribute

Figure 5.10.: Approach to support the establishment of metrics by Kaner et al. [106] (left side)
and metric documentation structure by Olszewska et al. [90](right side)

5.2. A Generic Metric Management Fact Sheet (MMFS) for the
domain of large-scale agile software development

To answer the third research question (see Section 1.2), a generic structure designed to
document and enable the organization-specific implementation of metrics in the domain of
large-scale agile software development is presented. For the design of this MMFS, all of
the metric description elements proposed by the related literature presented in the previous
section (Section 5.1) are considered. Additionally, the insights from the interview study
conducted in the course of this thesis (Chapter 4) are incorporated. Following the approach of
Monahov [129], the MMFS design aims to propose "a minimal number of description elements,
which are required to ensure a comprehensive metric documentation as starting point for
an organization-specific metric implementation" [129]. The resulting MMFS structure is
illustrated in Figure 5.13 and consists of ten description elements organized in two categories.

5.2.1. Structure of the MMFS

Six of the metric description structures and approaches for the establishment of metrics [61,
104, 62, 106, 90, 63], cover around ten elements or aspects. Likewise, Monahov’s [129] MMFS
consists of ten main elements of which two further comprise a total of 12 sub-elements. Only
three documentation structures cover more than ten elements [128, 131, 64]. The highest
number of elements has the template of Olsina et al. [128], which consists of 20 main elements,
and seven sub-elements. To document all relevant information but avoid complexity, the
proposed MMFS for the domain of large-scale agile software development contains ten main
elements.

The elements of three metric documentation structures are subdivided into different categories.
Bouwers et al. [64] classify the elements into qualitative fields, such as the metric name, and
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quantitative fields like the metric’s scale. Kütz [131] proposes the categories Description (for
example name), Data collection (for example data sources), Data processing (for example cal-
culation rule), Presentation (for example aggregation levels) and Other. Finally, in the MMFS
of Monahov [129], elements are separated into general elements, which are "independent
from the context of a given organization" and organization-specific elements, which "describe
the configuration of the metric in a given organization" [129]. The findings of the interview
study confirmed this approach. Often, several organizations measure similar metrics, but
with different structures, tools, responsible persons, terminology, and target values they try
to achieve. Moreover, the interviews proved the assumption that most organization-specific
information, such as specific target values or names of employees, is considered confidential.
Therefore, the MMFS designed within this thesis is structured into general elements, such as
the name of the metric, and organization-specific elements. In addition, parts of the general
elements, particularly, support the identification and retrieval of metrics (see Figure 5.11).

Metric management fact sheet structure

General elements of the description structure, which are independet of the context
of each organization

Support of retrieval of metrics

Organization-specific elements of the description structure, which describe the
organization-specific instatiation of the metric in the organization‘s context

Title

Description

Calculation rule

Information 
model

Data mapping PropertiesOrganizational
instance

Goal(s)

Level

Code

Figure 5.11.: Overview of the MMFS structure

5.2.2. Elements of the MMFS

Selected elements

For the category general structure elements the following nine elements are proposed:

• The first element of the MMFS is the Title of the metric, documented in natural language.
The objective of this element is to provide a brief and precise summary of the metric
and support the retrieval of metrics in search processes.

• The second element of the MMFS is a short Description of the metric, explaining
the purpose and meaning of the metric to establish a common understanding of the
motivation for using it.
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• Each metric has a Calculation rule defined, which is concerned with the documentation
of the metric’s calculation, and should contain all relevant aspects required for this
calculation. The documentation structures presented in the previous section use both
natural languages and formal languages for documenting calculation rules. Hartmann
and Dymond [63] and Bouwers et al. [64] even mention both possibilities are valid.
As the interviews of the study revealed, most of the used metrics are implemented
with a tool such as Jira (CarCo1, BankCo, ConsultCo, TelecommunicationCo, CarCo2,
RetailCo1, RetailCo2, TransportationCo) and therefore require a formal definition of the
calculation. Still, to create a shared and simple understanding of a metric, a calculation
rule in natural language oriented towards the formal calculation rule is more suitable
for a quick understanding without omitting essential information.

• The purpose of the Information model-element is the documentation of the Information
modelunderlying a metric. Following the approach of Monahov [129], UML class
diagrams are used for the documentation of information models in this thesis. This
element is part of the documentation structure as it visualizes and illustrates the
calculation rule. Moreover, the information allows to clearly understand all data items
required for the calculation and how they are connected. This information simplifies
the mapping of the elements of the metric to an organization-specific context and
terminology. The insights of the interview study showed that such a mapping is
reasonable, as most of the organizations use different terms for similar objects. Figure
5.12 illustrates an example of an Information model for the metric velocity.

4 Catalog

Velocity
Measurement of the amount of story points a team can realize in a sprint. The metric increases if a team realizes more story
points in a sprint.

Calculation rule
Sum of the story points of all user stories completed (Done) by a team in a sprint

Information model
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Organization-specific elements

Organizational instance:

Data item Mapped name Data source Data contact
Team
name
works on
Sprint
startDate
endDate
User story
status
storyPoints
setToDone
belongs to
Status
Open
InProgress
Done

Property Property values
Calculation tool

� Automated � Manual

Measurement frequency/event
Monitoring frequency/event
Reporting frequency/event
Owner
Definition responsible(s)
Implementation responsible(s)
Achievement responsible(s)
Monitoring responsible(s)
Target value(s)
Planned value(s)
Tolerance values(s)
Escalation rule(s)
Interested stakeholders

Code
LSAD-M-140

Goals
Customer

Development organization
and processes
Agility
Adherence to deadlines
Continuous improvement
Improved controlling
Improved planning
Predictability
Productivity
Speed
Transparency

Employee

Finance

Product

Level

Portfolio

Program

Team

Organizational

Related metrics
Person days spent on program
Planned program velocity per
sprint
Planned vs. actual program
velocity per sprint
Planned velocity
Program velocity per sprint
Release burndown
Remaining work
Story points included into
sprint
Story points removed from
sprint
Sprint burndown

59

Figure 5.12.: MMFS Information modelfor the exemplary metric velocity

• The element Code serves as a unique identifier of the metric, to support a fast retrieval
of metrics and to ensure an unambiguous use by all involved stakeholders [129].

• The element Goals documents the overarching management goals in agile organizational
environments that are supported in their achievement by the metric, for instance, by
quantifying its fulfillment. As emphasised by Basili et al. [60], a connection to goals
is essential for the definition of any metric. To ensure the practical relevance of the
MMFS in the domain of large-scale agile software development, the goals of five goal
categories identified in the interview study of this thesis in connection to metrics (see
Section 4.5) are used for this purpose within the thesis’ scope. These goals are listed in
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Table 5.1. The initial approach for the Goals element was the documentation of several
individuals, metric-specific goals assigned to each of the five relevant goal categories.
However, after incorporating the feedback of the second evaluation of the fact sheet
(see Section 7.4.1), which showed that too many, often highly subjective goals can lead
to confusion and are overwhelming, the approach was changed to only indicating the
goal-category, extended by relevant goals of the 27 sub-goal categories.

Goal category Goal
Transparency
Improved planning
Speed
Predictability
Agility
Continuous improvement

Development organization and processes Efficiency
Adherence to deadlines
Improved controlling
Productivity
Automation
Enterprise architecture management

Product

Quality
Time-to-market
Delivery reliability
Feedback
Contract fulfillment
Satisfaction

Customer Centricity
Communication

Finance Cost management
Profitability
Motivation
Satisfaction

Employee Health
Feedback
Creativity

Table 5.1.: Metric-related goals in the context of large-scale agile software development

• For each metric, the Organizational level, in which the metric is used, is stated. Accord-
ing to Hartmann and Dymond [63], this element is a characteristic, which is especially
relevant for metrics in an agile context. The element fosters the understanding of the
scope of the metric, and, in addition, supports the timely retrieval of metrics. The
different levels used for the proposed MMFS are explained in Section 4.3 of the previous
chapter and include: team level, program level, portfolio level, and enterprise level.

For the category organization-specific elements the following three elements are proposed:

• The interview study showed that most of the organizations in the context of large-scale
agile software development have multiple, different organizational structures within
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their organizations, which can involve multiple teams, programs, or even portfolios (see
Section 4.4.3). In these cases, a metric may be implemented several times within a single
organization, for example, in different teams that work in various programs, having
individual organization-specific data elements such as target values or responsible
persons. Therefore, the Organizational instance is concerned with documenting the
organizational unit, for example a team which implements the metric.

• The purpose of the Data mapping-element is the organization-specific adaption of a
metric to a particular organizational context. As mentioned previously, the interview
study showed that most organizations use their own terminology for specific elements
in the context of large-scale agile software development. Therefore, in line with the
approach of Monahov [129] each Data item of the information model, including class,
attribute, and relationship of each model element needs to be mapped to the organiza-
tion’s specific context. The mapping is performed by documenting a Mapped name for
each data item of the Information modelthat corresponds to the concept or term in the
given organizational context. This process allows organizations to tailor the metric to
their own terminology, and ensure the understanding of the involved stakeholders. For
each Data item the Data source, which stores the respective data, can be specified. In
this way, all data sources needed to calculate the metric are documented, linked to each
element of the information model, and thus, to each element of the metric’s Calculation
rule. In addition to the data source, a Data contact, responsible for providing the data
required for the calculation of a metric, can be defined.

• The element Properties documents 15 organization-specific metric attributes. As men-
tioned when explaining the calculation rule, many organizations use specific tools for
most of the metrics, such as Jira and Sonarqube1, or at least make use of Microsoft
Excel. However, often, not a single tool but multiple tools are used for different metrics.
Therefore, the element Measurement tool is concerned with documenting the tool used
to calculate the metric. Aligned to Olsina et al. [128], who propose a data collection type
element, it is also possible to specify the calculation type, indicating if the calculation
is performed automatically or manually, because the interview study showed that
some tools require manual actions, while others work fully automated if they have
the required data available. Then, the documentation of the intended Measurement
frequency/event of a metric is recommended. Due to the agile context of this MMFS,
the term event highlights the relevance of agile events, such as sprint plannings (see
Section 2.1). The interview study evinced that metric calculations, as well as monitoring
or reporting, are often performed in such a regular event. Likewise, it is possible
to indicate the Monitoring frequency/event, which documents the point of time of
monitoring the metric, and the Reporting frequency/event, which specifies the point of
time of reporting the metric on a higher level. In addition, several roles can be defined.
The first role is the Owner, who is interested in the implementation and the monitoring
of the metric, ensuring that the necessary resources, for example budget or personnel,

1https://www.sonarqube.org
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are available, and to whom the metric values are reported. The four other roles are
a Definition responsible, an Implementation responsible, a Monitoring responsible
and an Achievement responsible, who is ultimately responsible for the achievement
of the target value(s) of a metric. A single person may have multiple of the mentioned
roles. Related thereto, the elements Target value(s), Planned value(s), for intermediate
goals at particular points in time, and Tolerance value(s), as indicator on when to follow
an escalation rule are part of the designed metric documentation structure. Connected
to the Tolerance value(s), the purpose of the element Escalation rule(s) is to document
organization-specific rules, which guide the responsible persons on how to act if a target
value or a tolerance value is reached. Finally, different Interested stakeholders having
an interest in the metric can be added.

The designed MMFS structure enables a uniform and structured documentation of metrics.
The fact sheet also supports the organization-specific configuration of metrics in regard to
each given organizational context.

Regarding the previous section, the elements of the MMFS are derived from recommendations
by related literature, and the experience and insights made during the interview study. Table
5.2 illustrates which of the elements originate from literature and which are unique to the
design within this thesis. Based on the mapping, a summary of the MMFS and its elements
can be drawn. None of the selected MMFS elements is part of the approaches of all authors.
Still, eight elements are part of at least half of the presented concepts, in some cases named
differently. Therefore, they are considered to be highly relevant parts of a generic metric
description structure. These elements are: Title [61, 104, 131, 63, 90, 129, 135, 128, 130],
Calculation rule [61, 104, 131, 63, 106, 129, 64, 128, 130], Measurement frequency/event [61, 62,
131, 129, 128], Target value(s) [61, 62, 131, 129, 64, 128], Planned value(s) [61, 131, 129, 64, 128]
and Tolerance value(s) [104, 131, 129, 64, 128, 130].

Even though the element Description [62, 131, 129, 128] is not proposed by the majority of liter-
ature sources, it is still included in the MMFS as it effectively facilitates the fast understanding
of a metric, which is considered beneficial as the analysis of the metrics found during the
interview study (see Section 4.5) showed. The element Code is only suggested by two authors
[129, 62] but seen as essential to uniquely identify metrics and avoid ambiguities. In regards
to a fast retrieval and unique identification of metrics, the element Code is considered relevant.
Since the element Organizational level is mentioned by all sources in the context of agile and
large-scale agile software development [63, 90] and is frequently used in literature in this
field [40, 120], the documentation of this metric description element is important as well.
The documentation of the element Goals is only proposed by one author [129]. However, as
Basili et al. [60] and several large-scale agile frameworks (see Section 2.6) highlight that every
metric should be connected to at least one goal, and the study results showed that metrics are
used to support achieving goals (see Section 4.5), this element is considered essential for the
designed MMFS.
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The following elements are proposed by only a minor part of the related literature sources
but are considered relevant based on the findings made in the process of the interview study.
The Information model, which visualizes the underlying data model of a metric, and the data
mapping part of the MMFS, which connects the Data item of the Information model with the
organization-specific Mapped name, are suggested by a single author [129]. Still, these are
crucial elements of the MMFS, as they allow to tailor a generic metric to each organization’s
specific context, which is essential, as our interview series showed that the majority of the
organizations use different terminologies. The element Data contact is only part of three
proposed MMFSs [61, 131, 129] and the element Data source is contained in two description
structures proposed in literature [131, 129]. However, to identify, collect, and provide the
data required to calculate metrics can be critical aspects of the management of metrics [61].
As ensuring validity, quality, and availability of data is a common metric-related challenge
(see Section 4.5), indicating a data contact and source is relevant for the documentation of
metrics in large-scale agile software development. The Organizational Instance [62] element is
useful due to the multi-layered structure of large-scale agile software development organi-
zations. Documenting the Measurement Tool [63, 106, 128] is reasonable due to the common
use of tools for the calculation of metrics. In addition, the Monitoring frequency [61], often an
agile event such as the sprint planning, is also a relevant aspect regarding metrics in many
organizations. The element Owner [131, 129] is proposed by two literature sources, and the
element Achievement responsible [61, 131, 129] by three sources. Both elements are assumed
to be relevant, as no clear definition of roles and related problems such as a contradictory
target setting can be challenging for organizations (see Section 4.5). The Escalation rule(s)
[62, 129, 130] element supports responsible persons to act accordingly if Target value(s) or
Tolerance value(s) are reached, and, thus, also enables a timely reaction [129], which supports
the achievement of one of the organization-specific goals agility, flexibility, and adaptability.
The Interested stakeholder [63] element is part of the MMFS due to the relevance of stakeholders
in an agile context [63] and because the interview study proved that often several different
parties are interested in specific metrics, such as the Federal Institute for Financial Services
Supervision in case of the organization BankCo.

The elements Definition responsible, Implementation responsible, and Monitoring responsible are not
proposed by any of the authors in the literature. However, the insights of the interview study
showed that the further differentiation of these roles next to the roles Owner and Achieve-
ment responsible is reasonable, as these roles are often differentiated within organizations.
Moreover, the elements Reporting frequency/event and Calculation type are unique to the MMFS
designed within this thesis.

The designed MMFS structure is intended to have a minimal number of proposed elements for
a generic and comprehensive metric description for the domain of large-scale agile software
development. Thus, not all of the proposed description elements from the literature are
included in the designed MMFS. The following paragraphs justify the decisions taken. The
main reasons for the exclusion of elements are that the respective information can be derived

106



5. Metric management fact sheet for the domain of large-scale agile software development

based on other elements, the elements are either not suitable for the domain of large-scale
agile software development, are not generic, or are of a high situation and context-dependent
nature.

The following elements were not included into the MMFS, as the respective information can
be derived from its other elements:

• With regard to Neely et al. [61] the element Purpose, which is also proposed by Kaner
et al. [106] and Olszewska et al. [90], is not directly included into the MMFS since the
purpose of a metric is covered by the elements Description and the Goals.

• With respect to Popova and Sharpanskykh [104], the elements Type and Scale are not in-
tegrated into the MMFS, as the information if a metric is continuous or discrete, and the
measurement scale, are implicitly part of a well-defined calculation rule. Same applies
to the similar aspects Natural scale of the metric and Natural scale of the measured attribute
by Kaner et al. [106], Natural scale (attribute) and Natural scale (metric) by Olszewska et al.
[90], Scale by Bouwers et al. [64] and ISO/IEC/IEEE 15939:2017(E) [130], Scale Type as
well as Unit (of measurement) by Olsina et al. [128] and ISO/IEC/IEEE 15939:2017(E)
[130]. The element Min value, Max value proposed by Popova and Sharpanskykh [104],
and the equivalent element Range proposed by Bouwers et al. [64] are not included into
MMFS as well. Based on the metric type (see Chapter 2), which should be comprehensi-
ble using the metric’s calculation rule, the maximum and minimum values should be
self-explanatory. For example, a percentage value is constraint by the interval 0%-100%.
The element Time frame is not part of the MMFS since the metric’s timely scope can be
derived based on the Description of a metric and its Calculation rule. Likewise, the
time aspect of the Scope of a metric, as proposed by Kaner et al. [106], is not incorporated
into the MMFS.

• Regarding the documentation elements proposed by Parmenter [62], the element Type
of metric (KRI, RI, PI, KPI) is excluded from the designed MMFS since the distinction
between performance and result indicators can be derived from the metric’s Calculation
rule. Another element proposed by Parmenter [62] that is not part of the MMFS is the
Time zone, as it should be possible to derive the state of the measured entity based on
the Description of a metric and its Calculation rule describing the required data. The
element Critical success factors is not directly taken from Parmenter [62] as well, still this
element is reflected in the Description element of the MMFS and the Goals.

• Considering the elements of the metric documentation structure by Kütz [131] the
Validity period of the metric, indicating the intended time interval for using it, is not
included in the MMFS, as this information can be derived from the MMFS based on the
Measurement frequency.

• Regarding the elements of the documentation structure for metrics by ISO/IEC/IEEE
15939:2017(E) [130] the elements Information need and Measurement concept are not
explicitly included in the MMFS since this information is reflected in the Description
and Goals element. Due to being implicitly part of the calculation rule, also the
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Type of measurement method (subjective or objective) is excluded. Likewise, the
Measurement method of the data required for the metric calculation is not included, as
the calculation rule, the information model, and the Data mapping elements of the
MMFS contain the respective information. The elements Entity, the object characterized
by measuring its attributes, and the Attribute describing the characteristic quantified by
the metric, also proposed by Bouwers et al. [64], are not explicitly incorporated into the
MMFS, as it can be derived from the metric Description. Another element proposed
by the ISO/IEC/IEEE 15939:2017(E) [130] and Bouwers et al. [64], which is not directly
incorporated into the MMFS, is the Base measure [130] or Associated metrics [64] element
required to calculate a derived metric since this fact is covered by the calculation rule.

• With respect to the approach for the establishment of agile metrics by Hartmann and
Dymond [63], the elements Question, which represents the question the metric answers
for a particular role or group and the Assumptions made regarding the metric, are
not directly included into the MMFS but are part of the elements Description and
Calculation rule. The element Expected trend is not part of the documentation structure,
as this information is reflected in the Planned value(s), which can vary during the
progress of a program.

• Regarding the MMFS proposed by Monahov [129], the element Interpretation of measured
value, which is also suggested by Olsina et al. [128], is not included into the MMFS, as
this information can be concluded from the elements Target, Planned and Tolerance
value(s).

• With respect to Bouwers et al. [64], the elements Rational (theoretical) and Implication
(practical) can be derived from the MMFS elements Description, Goals, and Calculation
rule and are therefore excluded. The proposed element Variability is also not an explicit
part of the designed description structure because it is covered by the element Tolerance
value(s). Another element proposed by the author, which is not directly incorporated
into the MMFS, is the Level, as the information if a metric is derived from another is
implicitly part of a well-defined Calculation rule.

• With regard to Olsina et al. [128], the elements Relationship of the attribute to the metric value
and Attribute-metric relationship are not explicitly part of the MMFS as this information
can be derived from the metric Description and the Calculation rule. Also, the elements
Natural variability of the attribute, Variability (attribute), and Natural variability of the
measurement instrument are not included, as they are reflected in the Tolerance value(s)
of the metric. Same applies to the element Accuracy proposed by Olsina et al. [128].
The element Keyword/alias is excluded from the MMFS since the Title, which should
be unique within an organization to establish a common understanding among all
stakeholders, should cover the essence of a metric.

• Finally, concerning Kaner et al. [106] and Olszewska et al. [90] the element Formal
properties [106], which describes characteristics of the metrics such as non-negativity, is
not incorporated into the MMFS since it can be derived from the metric’s Calculation
rule.
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Some of the elements proposed in the literature are excluded due to being hard to define
in advance. With regard to Neely et al. [61], the element What do they do is not included in
the MMFS, as defining all possible actions to ensure the achievement of predefined target or
planned metric values is a difficult endeavor. Required actions can be highly context-specific
and can change depending on the particular situation. The same applies to the element
Solution strategies proposed by Bouwers et al. [64]. Even though the aspects When to use it,
When to stop using it, How it could be gamed and Warnings suggested by Hartmann and Dymond
[63] are relevant to consider when selecting and managing metrics to ensure a successful
establishment, these elements can be highly situational, are hard to be known in advance
and remain in the discretion of the respective responsible person. The same applies to the
elements Applicable in context proposed by Bouwers et al. [64] and the elements Potential
processes of use and Potential beneficiaries suggested by Olsina et al. [128]. Besides the relevance
and need to consider the element Natural and foreseeable side effects of using the metric that is
highlighted by Kaner et al. [106], it is not included in the MMFS, as the aspects mentioned by
the author are general risks related to metrics (see Section 2.3) and thus, do not need to be
documented for each of them.

Moreover, another exclusion criteria is that elements are neither suitable for the domain of
large-scale agile software development nor generic. Since no large-scale agile framework
or paper prescribes the required application of a BSC to use metrics in large-scale agile
software development, the element BSC perspective proposed by Parmenter [62] would be
documented exclusively by organizations using a concrete BSC and should not be an element
of a generic MMFS. Regarding the MMFS proposed by Monahov [129], the element Source
is not incorporated into the metric description structure, as, in contrast to frameworks such
as COBIT in the context of enterprise architecture management, most of the frameworks
in large-scale agile software development do not propose explicit metrics (see Section 2.6).
Moreover, many metrics observed during the interview study are not based on any particular
reference framework. Related thereto, the element References to URL sources proposed by
Olsina et al. [128] could not be filled in for each metric. The element Enterprise architecture
management layers suggested by Monahov [129] is also not included in the MMFS designed
within this thesis, as it is intended for the domain of large-scale agile software development.
Based on the same reason, the element Level of independence from the application domain
proposed by Olsina et al. [128] is excluded. Due to being reflected within the Goals element
and not being inevitably relevant in all organizations, the elements Quality model, Characteristic
and Subcharacteristics are also not incorporated into the designed documentation structure.
Another element by Olsina et al. [128], which is not part of the MMFS, is the Potential categories
to classify metrics, as not each organization has a specific, own categorization for metrics.
Additionally, this aspect is covered generically by the Level and Goals elements of the MMFS.

Finally, some elements are redundant or contrary to the aspiration to design a minimal MMFS.
Despite the usefulness of the Related metrics-element proposed by Neely et al. [61] for browsing
through a catalog of metrics that are documented using an MMFS, which is also suggested by
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Bouwers et al. [135] and Olsina et al. [128] is not included into the MMFS. Such an element
is not an essential information required for a generic metric description [129], but rather
part of a tool that allows to navigate through several descriptions of metrics. With respect
to Popova and Sharpanskykh [104] element Hardness, which enalbes differentiating between
soft (qualitative) and hard (quantitative) metrics, is not included in the MMFS, as each metric
documented according to the defined structure, including a Calculation rule, is quantitatively
measurable. Finally, the element Source is not included in the MMFS, as the reason to use a
metric is not neglected through its connection to Goals and its Description. Due to the same
reason, the element Dimensional analysis proposed by Olszewska et al. [90] is not incorporated
into the metric description structure. With respect to Kütz [131], the category Other, which
serves the documentation of additional details, likewise to the element Observations / comment
proposed by Olsina et al. [128], is excluded to achieve a minimal number of documentation
elements. Due to the presentation of metrics often being automatically performed by tools
such as Jira, the elements of the category Presentation suggested by Kütz [131], such as Levels
of aggregations, are not integrated into the designed documentation structure. Considering
the elements proposed by Bouwers et al. [64], the elements Element and Attribute type based
on the categorization of Fenton and Bieman [36], which is also proposed by Olsina et al.
[128], is not included into the MMFS, since this categorization is often ambiguous [53]. The
aspect Validation [64] is not included in the MMFS since the information contained in the
other elements, such as Tolerance value(s), are assumed to be commonly based on practical
experience and specific to the context of the organization. As mentioned previously, the
metric calculation is most often realized with particular tools. Therefore, the Measurement
protocol proposed by Olsina et al. [128], with comment and alternative procedure, are not
considered to be essential for the documentation of a metric.

As highlighted in the beginning, aligned to Monahov [129], the proposed ten elements of
the MMFS are regarded as the minimal number of necessary description elements. For
supporting this hypothesis, the subsequent list presents the impact of removing a particular
element from the documentation sheet:

• Title - Excluding this element from the MMFS will complicate a fast and easy un-
derstanding of the purpose of a particular metric by all concerned stakeholders [129].
Moreover, not having a title can lead to different names and understandings of a metric
[129], which is a risk and challenge regarding metrics identified in this thesis (see
Section 4.5).

• Description - Removing the Description restricts the shared understanding of the
motivation, expected benefits, and assumptions for the involved stakeholders [129]. The
resulting lacking understanding can lead to several risks and challenges (see Section
4.5).

• Calculation rule - Removing this element impedes a shared understanding of the
metric and how to calculate it [129]. A missing calculation rule complicates the correct
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implementation of the metric, which is a challenge for many organizations (see Section
4.5).

• Information model - Removing this element prevents the visualization of all elements
relevant for the calculation of the metric but also the possibility to map an organization’s
specific terminology [129]. In addition, it would not be possible to document data
sources and data contacts, which is relevant considering the challenges organizations
face regarding data collection, quality, and availability (see Section 4.5).

• Code - Removing this element complicates the timely retrieval of metrics [129], and
the unambiguous communication among all involved stakeholders, which can have
negative consequences, such as a lacking common understanding (see Section 4.5).

• Goals - Removing this element leads to a missing connection between a metric and
related goals in the context of large-scale agile software development, which is a highly
relevant aspect for ensuring the efficiency of using metrics [60]. In case of changes in
the goal-setting of an organization, stakeholders will not be able to identify metrics
affected by the change and required adjustment [129].

• Level - Removing this element prevents the link between a metric and the related
organizational level the metric targets. Involved stakeholders cannot directly and
unambiguously connect the metric to the organizational level, in which the metric is
used. Potential consequences such as a lack of understanding, incorrect calculations, or
even wrong decisions based on the metric can reduce the value of the metric drastically
(see Section 4.5).

• Organizational instance - Removing this element hinders the unambiguous identi-
fication of the organizational instance implementing the metric. Thus, omitting the
organizational instance complicates overcoming the challenge of managing and main-
taining an overview on multiple teams and programs developing software (see Section
2.2) and reduces the usefulness of the metric for improved coordination of complex
development projects (see Section 4.5)

• Data mapping - Removing this element impedes the organization-specific mapping of
the metric to an organization’s specific terminology, the documentation of required data
sources, and the data contacts [129]. Since data collection is one of the most common
challenges regarding metrics in large-scale agile software development (see Section 4.5),
not documenting related information can complicate this step required for calculating
metrics.

• Properties - Removing this element leads to a lack of documentation of several crucial
elements required for successfully implementing and using a metric [129], such as a
target and tolerance value(s), the monitoring frequency, or the responsibilities regarding
a specific metric. Not documenting these aspects can contribute to several of the
challenges identified during the interview study of this thesis (see Section 4.5).
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5.2.3. Graphical representation of the MMFS

In line with the authors who proposed a metric description structure as a foundation for doc-
umenting a collection of metrics in a metric catalog [129, 135, 128], a graphical representation
of the MMFS was designed.

4 Catalog

Velocity
Measurement of the amount of story points a team can realize in a sprint. The metric increases if a team realizes more story
points in a sprint.

Calculation rule
Sum of the story points of all user stories completed (Done) by a team in a sprint
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Figure 5.13.: Graphical representation of the MMFS for the exemplary metric velocity
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General
elements

Title 7 7 7 7 7 7 7 7 7

Description 7 7 7 7

Calculation rule 7 7 7 7 7 7 7 7 7 7

Information model 7

Code 7 7

Goals 7

Organizational level 7 7 7

Organizational instance 7

Organi-
zation-
specific
elements

Data mapping
Data item 7

Mapped name 7

Data source 7 7 7

Data contact 7 7

Properties
Measurement tool 7 7 7

Calculation type
Measurement frequency/event 7 7 7 7 7

Monitoring frequency/event 7

Reporting frequency/event
Owner 7 7

Definition responsible(s)
Implementation responsible(s)
Achievement responsible(s) 7 7 7

Monitoring responsible(s)
Target value(s) 7 7 7 7 7 7

Planned value(s) 7 7 7 7 7

Tolerance value(s) 7 7 7 7 7 7

Escalation rule(s) 7 7 7

Interested stakeholder 7

Table 5.2.: Mapping of MMFS elements to elements and aspects suggested by literature
inspired by Monahov [129]
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development

As highlighted by Dingsøyr and Moe [20] and Conboy and Carroll [50], the research and
support in regard to metrics in large-scale agile software development is scarce. Although
many large-scale agile frameworks address the topic of metrics and highlight their relevance
[58, 54, 55, 57, 56], the majority of them provide limited guidance related to metrics [22].
Mainly DAD [56], RAGE [57] and especially SAFe [58] cover metrics to a greater extent, also
on different organizational levels. Moreover, the related literature that investigates metrics in
large-scale agile software development does either not give recommendations for concrete
metrics to a great extent, or, if metrics are proposed, does not provide enough guidance and
information required for a selection, organization-specific adoption and implementation (see
Chapter 3). Aiming to fill the gap of a missing collection and lacking recommendations for
concrete metrics in large-scale agile software development and to answer the fourth research
question (see Section 1.2), this chapter describes the design of the second artifact of this
thesis: a metric catalog to support the establishment of metrics in large-scale agile software
development.

In the beginning of this chapter (Section 6.1), the target group of the developed metric catalog
is presented. Afterwards, the catalog structure (Section 6.2) and the mode of documentation
of the metrics, which are part of the catalog (Section 6.3), are explained. Section 6.4 provides
insights on the catalog’s metric collection and, finally, Section (6.5) explains the navigational
aids provided by the catalog.

6.1. Target group

The metric catalog addresses two different target groups: practitioners and researchers. On
the one hand, practitioners operating in the field of large-scale agile software development
can use the catalog as guidance to select and implement concrete metrics, allowing them
to quantify and support the achievement of their goals in their large-scale agile software
development environment. This target group comprises, for example, Agile Coaches, Scrum
Masters, Managers in scaled agile environments, and Release Train Engineers. On the other
hand, the catalog is intended for researchers and academics aiming for a comprehensive,
structured overview of the current state of metrics in large-scale agile software development.
Finally, by considering the improvement potential and aspects not covered by the catalog yet,
the document can be the foundation for future research in the field of software development,
software engineering, information system science, and related disciplines.
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6.2. Catalog structure

The catalog structure is aligned with the design by Matthes et al. [136]. The catalog starts
with a short introduction addressing the motivation for designing it, its purpose, and the
intended target group. Afterwards, a user guide explains the different catalog elements
and how the catalog can be used to identify, select and adapt metrics for an organization-
specific implementation. Moreover, the navigational aids that support users by navigating
and browsing through the catalog are explained. The core part of the catalog is the collection
of 196 metrics for the domain of large-scale agile software development. Each of the metrics
documented using an extended version of the generic metric management fact sheet (MMFS)
presented in the previous chapter (see Chapter 5) and is visualized in Figure 5.13. The
detailed design of the MMFS’s extension is demonstrated hereafter.

6.3. Metric documentation

The MMFS used to document the metrics within the catalog is similar to the generic, minimal
MMFS fact sheet developed within this thesis (see Chapter 5). The only difference to the
generic MMFS is the additional element Related metrics, added to improve the process of
searching for metrics and browsing through the catalog. The Related metrics element is
proposed by three of the authors [61, 64, 128], whose metric documentation structures and
approaches for establishing metrics were presented in the previous chapter (see 5). Two
of these authors [64, 128] designed their documentation structure to document metrics as
part of a metric catalog. Thus, this element is proposed by two of the three authors that
developed metric catalogs and therefore considered to be a relevant element of an MMFS
used for documenting metrics as part of a metric catalog. As illustrated in Figure 6.1, the
catalog’s MMFS is similar to the generic MMFS illustrated in Figure 5.13, except that for each
metric, all related metrics are listed and linked. The Related metrics element is surrounded
by an orange border.

6.4. Metric collection

To ensure the practical relevance and usefulness of the catalog, the 196 metrics, which were
identified in the course of the interview study of this thesis (see Chapter 4) and, thus, are
used within the industry, are documented within the catalog. As explained in Chapter 4,
this identified collection only comprises metrics with sufficient information regarding their
organizational level of usage, their calculation, and their cadence since this information is
required for a profound understanding. During the expert interviews, information regarding
the goals supported by each identified metric, how the metric is called and calculated, on
which organizational levels it is used, and which metrics are related to each other was
collected. Based on this information, all general description elements of the MMFS, including
the modeling of UML diagrams for the information model and the data items for the data
mapping part of the organization-specific element-section, were defined. Still, a few minor
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Figure 6.1.: Extended version of the generic MMFS

adaptions were made to cover small organization-specific peculiarities in the case of metrics
measured similarly within more than one organization. An example are metrics that count
defects of different severity categories, as organizations tend to have different naming for this
classification. In the case of the Goal(s) and the Related metrics element for some metrics,
little information was provided. Thus, goals and related metrics of similar metrics were
assigned. Moreover, the evaluation of the catalog (see Chapter 7) showed that an extensive
amount of organization-specific goals often contains objectives, which are not relevant for
each organizational context, and that rather vaguely connected goals stated by one expert,
can be confusing for other practitioners. Therefore, not all goals which were mentioned in
connection to a metric, are part of the catalog, and, instead of detailed, specific goals, only
the identified 27 higher-level goals of the five-goal categories Development organization and
processes, Product, Customer, Finance and Employee (see Chapter 4.5) are contained in each
metric’s description.
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6.5. Navigation support

For ensuring proper navigation support for catalog readers by enabling a timely retrieval
of relevant metrics, a navigation structure consisting of three different navigation support
elements was designed. These elements are presented in the following.

6.5.1. Navigation based on goals in large-scale agile software development

The first element of support for navigating and retrieving metrics is based on the organization-
specific goals in the context of large-scale agile software development connected to each
metric. Aligned to the navigation approach implemented in the metric catalog by Monahov
[129], a Goal-Metric-Matrix is used. Table 6.1 shows an extract of the matrix that is part of the
catalog designed within this thesis. Every column of the matrix represents a goal category in
the context of large-scale agile software development, each row represents a metric contained
in the catalog. The metrics are encoded by a unique identifier, pointing to the catalog page
number of the metric’s corresponding MMFS documentation. If a metric is connected to a
large-scale agile software development goal within a goal category, the respective cell in the
matrix is marked with an (7) character. This navigation aid element is related to the Goals
element of the MMFS, as is it based on the same collection of 27 goals, grouped into five goals
categories in the context of large-scale agile software development identified in the course of
the interview study of this thesis (see Section 4.5).

Metric Customer
Development

organization and
processes

Employee Finance Product

LSAD-M-11: Average user story cycle time 7 7

LSAD-M-12: Average velocity factor 7 7

LSAD-M-13: Average velocity 7 7

Table 6.1.: Extract of the Goal-Metric Matrix of the metric catalog

6.5.2. Navigation based on the organizational level of usage of the metric

Secondly, the catalog supports the navigation and identification of metrics based on the
organizational level of usage of the metrics. This element of the navigation support structure
is strongly connected to the Level-element of the designed MMFS. The catalog contains
a textual list of all metrics used in the respective level of the overall level structure. The
following paragraph presents a section of this list for the Team level.

Team

• LSAD-M-11: Average user story cycle time (p.19)

• LSAD-M-12: Average velocity factor (p.20)
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• LSAD-M-13: Average velocity (p.21)

• LSAD-M-14: Blocked time of a user story (p.22)

• LSAD-M-15: Cumulative flow diagram (p.23)

• LSAD-M-16: Defects in production per team (p.24)

• LSAD-M-17: Effort per user story (p.25)

• LSAD-M-18: Implementation costs per user story (p.26)

6.5.3. Navigation through related metrics

The last navigational aid is the option to identify metrics based relationships between each
other. This navigation support element is connected to the Related metrics element added
to the designed MMFS to enhance the metric catalog. The Related metrics element allows
the identification and navigation to metrics connected to other metrics. In contrast to the
previously presented navigational aids, this element is not a separate element of the catalog
but part of each metric’s description. An example is illustrated in Figure 6.1.
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7. Evaluation

This chapter describes the evaluation of the two resulting artifacts of this thesis. First, the
evaluation’s objective and its methodology are explained. Subsequently, the evaluation results
of the MMFS and the metric catalog are presented.

7.1. Goals and methodology of the evaluation

This section outlines the approach of the conducted evaluation. According to the evaluation
method types in design science research suggested by Peffers et al. [72], the used evaluation
methodology can be classified as a compound of an "Expert Evaluation" described as an
"Assessment of an artifact by one or more experts" [72] and a "Prototype" which is the
"Implementation of an artifact aimed at demonstrating the utility or suitability of the artifact"
[72]. The objectives of the evaluation are to obtain insights into additional refinements of the
designed artifacts and to assess whether essential stakeholders and potential users perceive
the solution artifacts as valuable.

An initial evaluation of the MMFS was performed during a discussion with three experts
of two insurance companies (InsuranceCo1, InsuranceCo2), who also participated in the
interview study (see Chapter 4). Therefore, key findings of the research, and the MMFS
instantiated for the velocity, one of the most frequently used metrics (see Section 4.3), were
presented, followed by the experts providing their feedback. For the subsequent two evalua-
tion iterations, an online survey with all experts who participated in the interview study and
were willing to provide feedback for the research’s resulting design artifacts was conducted.
Appendix A.2 contains a list of the survey’s questions. In the case of the first survey-based
iteration, the research’s central results were presented, and both designed solution artifacts,
the MMFS and the catalog, were demonstrated. Afterwards, the participants were invited to
complete the anonymous online survey implemented with LimeSurvey1 and to participate in
a discussion session. After the first evaluation iteration, the feedback was incorporated. For
the second survey-based iteration, an initial metric catalog version was sent to the interview
study participants, including the call to complete the evaluation survey. The survey combines
qualitative, open questions, and quantitative questions, employing for example the Likert
scale [137].

Table 7.1 shows a summary of the roles and working experience of the survey participants
and the alias used to refer to each expert in the remaining part of the chapter. The majority

1https://www.limesurvey.org/de/
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of the experts (79%) has more than ten years of experience in software development, and
more than half of the experts (57%) has more than ten years of experience in agile software
development. Regarding agile practices at scale, many experts are less experienced. Yet, 57%
have five or more years of experience with large-scale agile software development, while
29% of the experts have ten or more years of experience. The group of experts comprises
eight different roles. The most frequently indicated roles are Agile Coach (29%), Release
Train Engineer (21%), and Manager (14%). The variety of roles and experiences of the survey
participants contributed to gain various impressions and assessments in the evaluation. Five
experts took part in the first and nine experts in the second evaluation iteration.

No. Alias Evaluation
iteration Position

Years of
experience in

software
development

Years of
experience in

agile
software

development

Years of
experience in

large agile
software

development
1 EV1 1 Manager 15 7 5
2 EV2 1 Agile Coach 23 15 10
3 EV3 1 Agile Coach 20 15 6
4 EV4 1 Release Train Engineer 18 8 5
5 EV5 1 Business Agility Consultant 25 25 15
6 EV6 2 Software Architect 16 14 14
7 EV7 2 Manager 28 15 15
8 EV8 2 IT Service Owner 11 11 3
9 EV9 2 Solution Architect 14 5 5
10 EV10 2 Release Train Engineer 2 2 2
11 EV11 2 Business Analyst 7 4 3
12 EV12 2 Agile Coach 6 6 0.5
13 EV13 2 Agile Coach 15 12 1
14 EV7 2 Release Train Engineer 14 13 4

Table 7.1.: Evaluation participants

7.2. Initial evaluation of the MMFS and the catalog

During the initial evaluation, the experts approved the general idea of the concept, acknowl-
edged the clear-cut structure and design of the MMFS, and confirmed the relevance of the
connection between goals and metrics. In regards to the use of the MMFS in the metric catalog,
one expert suggested sorting the goals according to the degree to which they are related to
the respective metric. This idea was not explicitly incorporated, as the data resulting from the
interview study used to link the metrics and goals is insufficient to perform a ranking. One
expert expressed interest in trying the MMFS in practice.

120



7. Evaluation

7.3. First iteration of the survey-based evaluation of the MMFS and
the catalog

Overall, the first evaluation iteration showed positive results. The survey participants evalu-
ated none of the MMFS-elements as irrelevant for the documentation of metrics in large-scale
agile software development. In particular, for the Title, Description, and Calculation rule
elements, the experts strongly agreed on their relevance. The experts assessed the MMFS
and the catalog as valuable for documenting and establishing metrics in large-scale agile
software development. In summary, the survey participants agreed that they can imagine
using the catalog for inspiration, identifying and selecting metrics, and adapting metrics to
their organization-specific context.

Two experts provided suggestions on how to improve the MMFS. EV3 stated to "prefer a
more mathematical form of the calculation rule. It easier to proof and (for enterprise-wide
decision making) to relate the metric to assumptions and/or other metrics." This suggestion
was not incorporated within this thesis. Not everyone may immediately understand the
mathematical definition of the calculation rule depending on one’s mathematical knowledge.
For validating the need for a mathematical formula, more evaluation rounds targeting this
particular topic are required. Still, organizations using the MMFS can define a calculation
rule using a mathematical formula. As noted in Chapters 5 and 6, the initial version of
the MMFS allowed indicating various individual metric-related goals for each of the five
pre-defined goal categories. This approach leads to a potentially long list of different, highly
subjective goals for a metric. One expert (EV5) criticized the complexity of this initial Goals
element. This feedback was incorporated, as providing a minimal structure and guidance by
only defining the five high-order goal categories can complicate the reasonable connection
between goals and metrics, especially within inexperienced organizations. The risk of a too
high amount of goals, vaguely related to the documented metric, can decrease the strong goal
orientation of the metric. A loss of a clear link between goal and metric can reduce the value
of metrics drastically. Concerning the catalog, which applies the MMFS for documenting
metrics, EV5 criticized the partially misleading or unintuitive connection between metrics
and goals. Thus, documenting each single goal mentioned by an expert during the interviews
can potentially result in misunderstandings, if the connection to the metric is not obvious. To
improve the MMFS, its final version presented in Chapter 5 proposes the indication of one
or multiple of the 27 pre-defined goals of the five goal categories identified in the course of
the interview study of this thesis. This approach of the Goals element is also used for the
developed catalog (see Chapter 6). Still, in particular, with an increasing maturity regarding
metrics, organizations can add their own goals when using the MMFS for documenting
metrics.

Regarding the further enhancement of the catalog, two experts suggested ideas. EV3 proposed
to include "a range for every metric showing you if the metric is useful or not useful." Despite
that such a range could support organizations in selecting relevant metrics, it was not feasible
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to implement this approach due to a lack of required data. EV5 suggested incorporating
metrics with subjective elements. The expert (EV5) highlighted that the "why" for applying a
metric is relevant and "all metrics can be gamed." This feedback has also not been incorpo-
rated since the collection of metrics for the catalog had been finished at that point of time.
The general feedback in the first evaluation iteration included keeping the catalog simple, as
metrics are subjective, and their value does not increase with more information (EV5). EV3
stated that most complex "agile metrics" are not well understood within many companies,
and a lot of "vanity and proxy metrics, designed to make the executives feel good", instead
of metrics showing the actual state of the organization, exist. According to EV3, the catalog
can be a good starting point for discussions to identify and define suitable metrics in an
organization (EV3).

Three experts provided additional general feedback. EV2 expressed uncertainty if all metrics
identified in the course of the study are part of the catalog. The two other experts positively
highlighted the research. EV3 stressed that more research in this field is required since the
topic of metrics is very important. EV5 described the research and its result as "good work,
very intensive and detailed, really a lot of effort ongoing."

7.4. Second iteration of the survey-based evaluation of the MMFS
and the catalog

This section describes the second survey-based evaluation iteration after the incorporation of
the first iteration’s feedback. The description includes a comparison between the results of the
first and second evaluation iteration. First, the evaluation of the MMFS, then the evaluation
of the catalog is presented.

7.4.1. Evaluation of the Metric Management Fact Sheet (MMFS) for the domain
of large-scale agile software development

In the first evaluation part, the experts were asked to evaluate the relevance and usefulness of
each MMFS element. The results of this question are illustrated in Figure 7.1, showing the
average evaluation results of each element. Please note that the Related metrics field is not
part of the generic MMFS but was included in the evaluation, as it is part of the MMFS used
for the catalog.

Question 1: The elements of the Metric Management Fact Sheet (MMFS) illustrated
below are relevant and useful for the documentation of metrics in large-scale agile
software development.

The results show that the participants assessed no element as irrelevant, as the ratings of each
of them have a median of four (agree) or five (strongly agree). As in the first iteration, the ex-
perts rated the Title and Description as most important. Only the Code, the Information model
and the Goals received disagreeing answers. One expert (EV9) disagreed with the relevance
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Figure 7.1.: Evaluation results of the MMFS elements’ relevance and usefulness, arranged
according to their mean values

of the Code element, while three experts assessed its relevance as neutral (EV7, EV11, EV12),
and five agreed with it (EV6, EV8, EV10, EV13, EV14). Regarding the Information model,
there were different opinions. Some experts agreed with the model’s relevance (EV8, EV10)
or perceived it as neutral (EV12). Two experts strongly agreed with the Information model’s
importance (EV6, EV7), while two experts disagreed (EV9, EV14), and one participant even
strongly disagreed with it (EV11). All except one expert (EV7) agreed or strongly agreed with
the Goals element. No remarkable changes compared to the first evaluation iteration occurred.

After evaluating its elements, the experts were asked to assess the value of the overall MMFS
for the documentation of metrics in large-scale agile software development. The results of
this question are visualized in Figure 7.2.

Question 2: In your opinion, how valuable is the MMFS for the domain of
large-scale agile software development as a tool for the documentation of metrics?

While 67% of the survey participants (EV6, EV8, EV9, EV10, EV11, EV12) evaluated the MMFS
as valuable for documenting metrics in large-scale agile software development, two experts
(EV7, EV13) assessed its value as neutral. One expert (EV14) stated that the MMFS is not
valuable at all. The individual evaluations lead to an overall evaluation result of the MMFS
being valuable (median of four). The results are in line with the first evaluation iteration
(median of four).

Finally, the experts had the option to provide improvement suggestions regarding the structure
and the elements of the MMFS.

Question 3: Do you have any improvement suggestions regarding the elements
or the structure of the MMFS?
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Figure 7.2.: Evaluation of the value of the MMFS for the documentation of metrics in large-
scale agile software development

Four experts provided feedback regarding the improvement of the MMFS structure and
elements. EV7, who evaluated the value of the MMFS as neutral, suggested being more
specific since "the level of abstraction led to genericity that makes it difficult to see a clear
value." The expert claimed that a less generic calculation rule, hints regarding usage scenarios
in which the metric could be relevant, and action options to encounter low metric values could
be helpful elements. EV11, who strongly disagreed with the relevance of the information
model element, suggested replacing it with a minimal example to make the metric simple to
understand at first sight, and EV12 stated not to fully understand the organization-specific
elements part, as it looks complicated. EV14, who assessed the value of the MMFS as not
valuable at all, indicated that the MMFS will not be helpful due to the limitations within most
organizations. The expert criticized the metrics’ dependence on the often poor data quality
caused by the employees’ lack of interest in metrics and the diversity of metric interpretations.
EV14 claimed that roles responsible for metrics are "under-equipped, understaffed, untrained
and have not the sufficient experience they would need to support such a tool." According to
the expert, as "the heart of agility is a complex and ever-changing nature" (EV14), "a classical
’steering’ approach" through metrics does not meet "the requirements of constant change
and will therefore leave the management in a position of ’tinsel and glitter’ control" (EV14).
People using the MMFS will believe they steer but derive the wrong decisions. The expert
added that metrics and the MMFS "should be an invitation of discussion in regards to e.g.
performance and should not suggest control" (EV14), and wishes for "a tool that directly
improves the benefit for the customer instead of monitoring internal references" (EV14).
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7.4.2. Evaluation of the metric catalog for large-scale agile software development

Evaluation of the navigation elements of the catalog

With a focus on the navigation support provided by the catalog, the experts were asked to
evaluate the value of each of the three navigation support tools: the Goal-Metric-Matrix, the
list of metrics sorted according to their organizational level of usage and the related metrics
section. Figure 7.3 visualizes the results of these questions.

Question 4: In your opinion, how valuable are the navigation elements of the
catalog for the identification and selection of metrics?

Figure 7.3.: Evaluation of the value of the Goal-Metric-Matrix, the list of metrics sorted based
on their organizational level of usage, and the Related metrics for the identification
and selection of metrics

With a median of four, the evaluation results confirm the value of the three navigational
aids of the catalog. 67% of the survey participants assessed the Goal-Metric-Matrix and the
Related metrics as valuable, and 11% as very valuable. 44% of the experts evaluated the
Organizational level of usage as a valuable navigation tool, and 22% as very valuable. In
the case of each navigational aid, only a few experts assessed the value of the support tools
as neutral. Compared to the first evaluation iteration, which already resulted in positive
outcomes, the evaluations for all three navigational aids slightly improved in terms of a
higher amount of "very valuable" and "valuable" evaluations.

After evaluating the value of the different navigational aids of the catalog, the experts could
provide improvement suggestions.

Question 5: Do you have any improvement suggestions regarding the navigation
support tools of the metric catalog?
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None of the experts suggested any ideas on how to improve the catalog’s navigational aids.

Evaluation of the overall catalog

To assess the overall usefulness and value of the catalog, the experts were asked to evaluate its
usage with regards to identification, documentation, and implementation of metrics. Figure
7.4 summarizes the results of the question.

Question 6: In your opinion, how valuable is the catalog of metrics for large-scale
agile software development for the identification, documentation, and implemen-
tation of metrics?

Figure 7.4.: Evaluation of the value of the catalog for the identification, selection and imple-
mentation of metrics in large-scale agile software development

Overall, the evaluation results of a median of four (valuable) confirm the value and useful-
ness of the catalog for identifying, selecting and implementing metrics. 78% of the survey
participants assessed the catalog as valuable (E6, E8, E10, E11, E12, E13, E14) and 22% of the
experts (E7, E9) as neutral, whereas no expert indicated the catalog is less valuable or not
valuable at all. The results of the first evaluation iteration, a median of four (valuable), were
similar to the second iteration.

After assessing the overall value and usefulness of the catalog, the experts could indicate if
they can imagine using it in different usage scenarios. These usage scenarios cover using the
catalog for getting inspiration regarding potential metrics as well as identifying and selecting
metrics. Moreover, one question referred to the catalog’s use for an organization-specifically
adoption and configuration of metrics. Figure 7.5 summarizes the answers of the experts.

Question 7: I can imagine using the metric catalog for the following usage
scenarios.
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Figure 7.5.: Evaluation of the usefulness of the catalog in different usage scenarios

As reflected in the answers to the seventh question, most experts can imagine using the
catalog for the proposed usage scenarios. All experts strongly agree (E6, E7, E8, E14) or agree
(E9, E10, E11, E12, E13) using the catalog for inspiration regarding metrics, resulting in a
median of five. 56% of the experts agree (E6, E9, E10) or strongly agree (E8, E11, E12, E13)
with the potential usage of the catalog for identifying and selecting metrics to implement in
their large-scale agile environments. Only two experts indicated a neutral attitude regarding
this second usage scenario (E7, E14) (overall median of four). Relating to the last proposed
usage scenario, the organization-specific adaption and configuration of metrics, 67% of the
survey participants agree (E6, E9, E10, E12) or strongly agree (E8, E13) that they can imagine
using the catalog. While two experts (E7, E11) have a neutral attitude regarding this statement,
one expert (E14) strongly disagreed with using the catalog for adapting and configuring
metrics. Still, the overall median is four (agree). Compared to the first evaluation iteration,
the results regarding the usage scenarios slightly improved in terms of a higher amount of
experts strongly agreeing with the usage scenarios.

Next to evaluating the proposed usage scenarios, the experts could suggest additional usage
scenarios in which they can imagine using the catalog.

Question 8: Can you imagine using the catalog for another usage scenario not
listed in the previous question?

One expert answered this question. EV11 stated to imagine using the catalog as "inspiration
to check if my project may need modification in steering based on data."

Question 9: Do you have any improvement suggestions regarding the elements
or the overall structure of the metric catalog?

Two experts suggested ideas for the further enhancement of the catalog. EV7, who assessed
the overall value and usefulness of the catalog as neutral, claimed more specificity regarding
the metrics, for instance, by adding examples to make them more applicable. EV12 highlighted
to prefer the catalog’s usage for inspiration instead of the documentation of metrics.
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General feedback

As a final question, the experts could provide general feedback regarding the artifacts of the
thesis and the overall study.

Question 10: Do you have any general feedback regarding the catalog, the MMFS,
or the study?

Two participants provided general feedback. One expert (EV11) focused on the catalog,
the other one on the general idea of using metrics in large-agile software development
(EV14). EV11 stated liking the catalog but criticized its complexity. According to the expert,
usage must be possible without reading a user guide. EV14 stressed concerns regarding the
assumption "that measuring in a complex environment is possible/reasonable" as metrics
are mainly "motivated through a management that was socialized in a classic environment"
and "that has a big problem if not being able to steer" through metrics. Finally, the expert
expressed gratitude for the "commitment and the great interviews."

7.5. Summary of the evaluation results

In summary, the evaluation results confirm the value and usefulness of the MMFS and the
catalog for establishing metrics in large-scale agile software development. After incorporating
the feedback of the first survey-based evaluation, most of the results slightly improved.

Overall, the survey participants assessed all elements of the MMFS as a relevant part of a
metric documentation structure for large-scale agile software development metrics. Only
the three elements Code, Information model and Goals have received individual negative
ratings. Primarily more complex elements, especially for the organization-specific adaption
of metrics, such as the data mapping, were rated neutral by some survey participants. 67%
of the experts verified the value of the MMFS for the documentation of metrics. Only one
expert, who clearly stated a critical attitude towards metrics in large-scale agile software
development, questions the fact sheet’s value. In total, 78% of the experts assess the catalog
as valuable for identifying, documenting, and implementing metrics for large-scale agile
software development. The survey participants evaluated all of the catalog’s navigational
aids as valuable and confirmed its usefulness in the proposed usage scenarios. While not
all experts can imagine using the catalog for the more complex process of adapting and
configuring metrics, the majority can imagine using it for identifying and selecting metrics
for their organization. In particular, all experts agree with using the catalog for inspiration
purposes. Some experts suggested ideas for further improvement potential.

A few experts (EV3, EV5, EV14) highlighted some of the metric-related challenges and
disadvantages identified in the course of the interview study of this thesis. For example, the
dependence on data quality (EV14), complex adoption of metrics in organizations (EV14),
risk of manipulations (EV5), potential misuse (EV3, EV14), and the challenging complexity of
large-scale agile software development environments (EV14).
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This chapter summarizes key findings of this master’s thesis, discusses them referring to the
results of related literature, and critically reflects on potential limitations.

8.1. Key findings

The following section describes and summarizes the key findings of this master’s thesis.

Organizations use metrics mainly to support achieving goals related to the development
organization and processes, followed by product- and customer-related goals

The findings of the interview study comprise a set of 27 metric-related large-scale agile
software development goals of the five categories: development organization and processes,
product, customer, finance, and employee. Similar to this categorization, Korpivaara et al.
[40] defined the performance measure dimensions financial value, customer value, internal
process efficiency, collaboration, and learning. In contrast to the categories in this thesis, the
dimension internal process efficiency includes the product-related objectives. The authors’
[40] dimensions collaboration and learning are reflected in the development organization and
processes and employee category. Most organizations try to achieve transparency (91%) of
the development organization and the quality of the developed products (91%) with at least
one metric. 51% of all 196 metrics identified in the interview study of this thesis support
achieving goals related to the development organization and processes of organizational
large-scale agile software development environments. Especially for the achievement of
transparency (26%), improved planning (15%), and predictability (12%), a high amount of
metrics are implemented. 68 metrics (35%) are measured to facilitate the achievement of
product-related goals, in particular the products’ quality (24%). 73% of the organizations
support customer related goals. For this goal category, the most metrics are measured to
help achieving customer satisfaction (23%). Fewer organizations use metrics to facilitate
the achievement of financial goals (55%) and goals that are related to the organizations’
employees (45%). Only 16% of the identified metrics support achieving financial goals, and
7% employee-related goals. These insights correspond to the results of Korpivaara et al. [40],
who determine internal process efficiency covering product-related objectives and customer
value as the most relevant dimensions. The authors [40] stress that mainly the dimensions of
customer value, internal process efficiency and financial value are measured in practice.
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The majority of metrics are program level metrics

The highest proportion of all metrics identified in this thesis is used on the program (71%),
followed by the team level (21%). Only five metrics (3%) are used on the portfolio level and
nine metrics (5%) on the organizational level. While the team and the program level are both
dominated by agile metrics, none of identified metrics on the organizational level is classified
agile. These findings correspond to the results of Kettunen et al. [132], who reported that
metrics like the lead time of features and epics, the cycle time, release cycle, and defects,
classified as program metrics according to definitions applied within in this thesis, as most
frequently used.

Most organizations use metrics mainly on the program level

Most organizations (91%) use the majority of metrics on the program level. On average, 16
metrics on the program level could be found within each organization that participated in
the interview study. The following highest metric category in most organizations (91%) are
metrics on the team level, where, on average, six metrics were found. In contrast, only a single
organization uses metrics on the portfolio level, and four organizations (36%) use metrics on
the organizational level.

The most popular metrics are agile team metrics

The three most commonly used metrics identified in more than half of the organizations
that participated in the interview study of the thesis are the story point estimation of user
stories (91%), the velocity (91%), and the sprint burn-down (64%). All three metrics are
classified as agile and are used on the team level. These findings are in line with the results of
Kupiainen et al. [53], who identified the velocity and effort estimates as the most influential
agile industrial metrics. Likewise, the top-cited metrics of the Annual State of Agile Report
by VersionOne [14] include the velocity and iteration burn-downs.

Organizations use a high number of custom metrics

Despite organizations sharing higher-order goals and needs, as illustrated by the metric-
related goals identified for the domain of large-scale agile software development, organiza-
tions use a high amount of individual metrics to support achieving these goals. Only 15%
of 196 identified metrics are used within more than one organization. This finding is in line
with the results of the structured literature review conducted by Kupiainen et al. [53], who
highlight the common use of custom metrics in agile industrial environments.

The primary reasons for using metrics are transparency, improvement, and controlling of
all processes of the development organization and its processes

The most popular reasons for using metrics in large-scale agile software development are
transparency, improvement, and control, in particular regarding the development organization
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and its processes. Metrics are used to improve, control, and increase the transparency of the
performance, efficiency, progress, and speed of agile teams and programs. Often, metrics
are also used to gain insights into the software quality of software products. Other reasons
for using metrics are planning, motivating employees, or enabling the agility to react, adapt
to change, and adjust the strategy. Despite the focus on team level metrics, the reasons for
using metrics identified by Kupiainen et al. [53], "sprint planning, progress tracking, software
quality measurement, fixing software process problems, and motivating people", are also
covered by the previously presented reasons identified in this thesis.

Metrics should be simple and understandable

The most commonly highlighted positive inherent characteristics of metrics are simplicity and
understandability. Metrics should be simple to implement and use, in particular regarding
their measurement, calculation, monitoring, and the required effort. Regarding metrics scaled
on higher organizational levels, also the aggregation should be of low complexity. Moreover,
metrics are perceived as beneficial if they have a high understandability since this simplifies a
common understanding of metrics across the whole development organization.

Despite their advantages, metrics can have drawbacks like a lack usefulness, high effort
and lacking insights on reasons for deviations

The most commonly criticized negative inherent characteristic of metrics is their potential
lack of usefulness. Some metrics are not a perfect indicator but rather a hint, only visualize
obvious information, or are not helpful for planning. For example, the volatility of agile
software development environments can cause frequent changes that can reduce the planning
value of a metric. Also, their dependency on data quality and availability can limit the value
of metrics if at least one of both conditions does not apply. Next to lacking usefulness, the
effort required to implement and measure metrics can be high, and some metrics provide
lacking insights on reasons for deviations of their values.

Metrics can support principles of the agile manifesto

Investigating the relationship between goals and metrics and the reason for using them
revealed that they do not necessarily contradict the principles of the agile manifesto. More
than half of the organizations that participated in the interview study use metrics to support
the achievement of agility. The organizations aim to be flexible, reactive, and adaptive based
on the information provided by metrics and use them to improve the agile way of working in
teams and programs. Likewise, 45% of the organizations support continuous improvement
through metrics, as they provide insights on problems and improvement potentials. In
general, metrics are used since they help to achieve objectives covered by the principles of
the agile manifesto [73]. Examples are product quality, customer satisfaction, and employee
motivation. Kupiainen et al. [53] confirm this potential support of agile principles through
metrics as well.
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Establishing metrics is especially challenging regarding the data collection, metric-based
decision making, definition of metrics, and the potential negative effects on employees

A high number of challenges complicate the definition, implementation, and usage of metrics
in large-scale agile software development. The findings of the thesis’ study comprise various
challenges organizations have to deal with regarding metrics. The most common of these
challenges is the collection of the data required for the calculation of metrics. Besides a lack
of data quality and limited availability, the potential complexity and effort of collecting the
data impede this process. Moreover, decision-making based on metrics is problematic since
there is the risk of ineffective metric-based management or that metrics provide misleading
information. Other challenges that need to be handled are the potential negative effects on
employees like high stress or demotivation and balancing metric-based management with
the self-responsibility of agile teams. While the mentioned challenges refer to the usage of
metrics, already the adoption and definition of metrics can be difficult. Slow acceptance by
employees and stakeholders, insufficient management commitment as well a lacking openness
or common understanding of metrics can be challenging. In addition, defining metrics can
be complex, and setting an appropriate calculation rule, target, and tolerance value is not
simple. This final challenge is addressed by the metric management fact sheet and the metric
catalog designed as part of this research. The results of Korpivaara et al. [40] are conform to
the findings in this thesis with one exception. The authors [40] identified external influences,
data availability or consistency, the effort required to collect and process data, a lack of skills
and guidance for setting metrics and processing data, as well as a lack of standardization
of measurement practices as challenges. Yet, the most common challenge Korpivaara et al.
[40] identified but that is not reflected in the findings of this thesis is a feeling of disconnect
between the scaled metrics and the teams’ delivery.

The metric management fact sheet is useful for the documentation of metrics in the
domain of large-scale agile software development

One contribution of this thesis is the presented metric management fact sheet (MMFS) for the
documentation of metrics for large-scale agile software development. The designed structure
consists of ten elements grouped into general and organization-specific elements, which
enable a uniform and structured documentation of metrics and the organization-specific
configuration for a given organizational context. The positive results of the evaluation,
including a high agreement with the relevance of the MMFS elements and the value of the
MMFS, confirm that the MMFS is useful for the documentation of metrics in large-scale agile
software development.

The metric catalog for the domain of large-scale agile software development is useful for
the selection, implementation, and adaption for metrics

The main artifact designed in this thesis is a metric catalog for large-scale agile software
development containing 196 metrics used within organizations operating in the industries: au-
tomotive, finance, healthcare, insurance, consultancy, telecommunication, and transportation.
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Through this comprehensive, structured metric collection and several navigation support tools,
the catalog aims to guide the goal-based identification and selection of metrics applicable
on the team, program, portfolio, or organizational level of scaled agile software develop-
ment environments. Each metric is documented with the generic MMFS containing fields
for defining organization-specific metric properties and related information to support the
organization-specific adoption of the catalog’s metrics. Targeting researchers and academics
in large-scale agile software development, the catalog provides an overview of the current
state regarding metrics used in the industry. The results of the catalog’s evaluation confirm
its usefulness, especially for the identification, selection of metrics.

8.2. Limitations

This section discusses the limitations and threats to the validity of this thesis. One limitation
is the time frame of this thesis, which restricted the time available for conducting the research.
This limitation relates to both the interview studies data collection regarding the number
of interviewed experts and the designed artifacts’ evaluation through their actual use for
establishing metrics. Another limitation is the potentially limited generalizability of the find-
ings of this thesis since the interview study focuses on a group of organizations and expert
roles. To counteract this limitation, existing literature and related work was incorporated
into the design of the solution artifacts. In addition, the interview study was conducted with
organizations from various sectors and experts with different roles.

To counteract the threats to validity of the interview study of this thesis, the potential threats
in qualitative research discussed by Seaman [67] and Miles et al. [71] were addressed. One
validity threat is the representativeness of the experts and the organizations chosen for the
study [67, 71]. To reduce this threat, as mentioned before, experts with various roles from
organizations operating in different industries were interviewed. Another relevant validity
concern is the researchers’ potential effect on the study [67, 71], for instance, by actively
influencing the answers and statements of the interviewees [71]. To counteract this threat,
biasing interviewees with questions was aimed to be reduced by preparing questions wisely
using the interview questionnaire. As it is possible that researchers " lose their objectivity
by becoming too close to the setting being observed" [67], triangulation [67] was used as a
countermeasure. At least two researchers were present during each interview, each transcribed
interview was re-read by another researcher, and higher-order coding steps were performed
as a pair activity.
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9. Conclusion and future work

This final chapter of this master’s thesis summarizes the thesis based on its research objectives
and presents an outlook for future work.

9.1. Summary

In this thesis, a metric catalog for the domain of large-scale agile software development was
presented. For this purpose, the metric use in scaled agile software development environments
with a focus on related goals, reasons for their usage, metric-related benefits, disadvantages,
and challenges were investigated. In addition, a generic metric management fact sheet for the
documentation of metrics tailored to the domain of large-scale agile software development
was introduced, and a collection of metrics observed in the industry was presented, uniformly
described by the application of the fact sheet. The following section summarizes the answers
to the research questions required for the design of the catalog demonstrated in Section 1.2.

Research question 1: Which metrics and goals do practitioners use in large-scale
agile software development?

In the interview study of this thesis, 196 different metrics used in large-scale agile software
development in the industry were identified. This collection comprises metrics applicable for
the use on higher organizational levels like the portfolio (3%) and organization-wide level (5%)
but, in particular, includes team (21%) and program-level (71%) metrics. Most of the identified
metrics (65%) are related to agile concepts. Only a minor part of the identified metrics (15%)
is used in more than one organization. Organizations apply metrics to support achieving
goals related to their development organization and processes, products, customers, financial
situation, and employees. In total, 27 metric-related goals, belonging to the mentioned five
categories were identified. Many organizations especially aim to promote achieving the
goals transparency of the development organization (91%) and the quality of products (91%)
by measuring metrics. Also, the goals agility (55%), continuous improvement (45%), and
customer-centricity (36%) are goals many organizations aim to support by using metrics.

Research question 2: What are the reasons, benefits, disadvantages, and challenges
of using and implementing metrics in large-scale agile software development?

The findings of the interview study of this thesis reveal several reasons for using metrics,
inherent benefits of metrics, disadvantages, and challenges regarding their use and implemen-
tation of metrics. Overall, 13 main reasons to implement and use metric could be determined.
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The primary reasons for organizations to implement metrics are transparency, improvement,
and control, in particular with regard to the development organization and its processes.
Regarding the advantages of metrics, 13 beneficial characteristics of metrics were identified.
Especially, simple, easily understandable metrics are perceived as beneficial. Scaled metrics
have the advantage of being resistant to volatility caused by the agile environment. However,
seven characteristics of metrics, which are perceived as poor were found. The most common
of those disadvantages is, besides the effort required to implement and measure metrics, that
some of them have a lacking usefulness. For example, few scaled metrics, such as on the
program level, provide limited insights on the team level progress, and metrics that focus on a
limited scope, like a single team, can lead to a loss of the holistic overview of the development
organization. The research findings also showed that using metrics in large-scale software
development entails several challenges. Overall, the findings comprise 55 challenges catego-
rized into 13 categories. The most common of these challenges are the metrics’ dependence
on data quality, decision making based on metric information, appropriately defining and
successfully adopting metrics, and handling the potentially adverse effects for employees.

Research question 3: How can a generic and minimalistic metric management fact
sheet for the domain of large-scale agile software development be designed?

Within this thesis, a minimal metric management fact sheet (MMFS) for the domain of
large-scale agile software development was designed. The catalog provides a uniform
documentation structure for metrics, which covers a minimal amount of elements required
to define and implement metrics tailored to the peculiarities of this domain. Since multiple
organizational goals, which originate from practice, are incorporated into the design of the
MMFS, using the structure to document metrics can facilitate the successful implementation of
metrics by ensuring a clear connection between the metric and the targeted goals. The MMFS
can support organizations in considering all relevant aspects required to implement and use
a metric. Moreover, the documentation structure can support mastering various challenges
related to implementing and using metrics in large-scale agile software development. For
instance, the MMFS can facilitate the complex definition of metrics and can prevent challenges
like a lack of a common understanding of metrics. Since the design of the fact sheet allows
user-organizations the configuration and instantiation of metrics for their specific context, it
combines standardization with the option to address organizations’ individual needs.

Research question 4: How can a structured collection of metrics help organizations
execute large-scale agile software projects?

The second artifact designed within this thesis is the catalog for metrics in large-scale agile
software development. For this purpose metrics used in the industry within the domain
of large-scale agile software development, identified in the interview study of this thesis,
were uniformly documented by applying the designed MMFS. By providing the structured
overview of a collection of existing metric-best practices, experts are supported in identifying
and selecting practical metrics potentially applicable to their context. Navigational aids
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facilitate the timely identification of recommended metric best practices based on correspond-
ing domain-specific goals, the organizational usage level of the metrics, and inter-metric
relationships. The catalog creates value by allowing the convenient identification and selection
of appropriate metrics and supports the context-specific implementation of the documented
metrics within each organizational context by employing the designed MMFS. Hence, the
catalog can guide organizations in addressing the challenge of successfully exploiting the full
potential of metrics to master large-scale agile software development endeavors.

The catalog for the domain of large-scale agile software development designed in this thesis
guides organizations regarding the implementation of metrics by combining both metric
best practices and the specific contextual needs of user organizations. Following the main
principle of design science research, the solution was redesigned based on the results of a
first evaluation. A second improved version of the MMFS and the catalog was developed.
Afterwards, the refined artifacts were evaluated in a second evaluation. The evaluation results
confirm that both artifacts are useful for establishing metrics in the large-scale agile software
development domain.

9.2. Future work

Restricted by the limited time frame of this master thesis, it was not possible to incorporate
the results of the second evaluation iteration of the MMFS and the metric catalog. Thus,
implementing this feedback and conducting further evaluation iterations can be a next
step for future work. Moreover, applying and evaluating the actual usage of the MMFS
and the catalog in practice within organizations could be a potential approach to test their
applicability, usefulness, and value for practitioners. A practical application can also provide
further insights on how to refine and adjust both artifacts. Next to improving the existing
traits of the developed metric catalog, a potential extension is adding more metrics from
various industry sectors. Since a small number of metrics could be identified on the portfolio
and organizational level, incorporating metrics used on those two levels could be particularly
beneficial. In general, more research regarding metrics on the portfolio and organizational
level can be conducted. The thesis’ findings reveal that employee satisfaction and health are
common goals targeted by the organizations, which participated in the interview study of
this thesis. However, only three of these organizations measure these goals quantitatively.
Therefore, investigating and providing support for a quantitative assessment of employee
satisfaction and health is a potential topic for future work. Since the MMFS and the catalog
mainly cover the establishment of metrics by supporting their selection, implementation
and adaption, another aspect for future work is more research regarding the whole metric
management life cycle, starting with the definition of a metric, covering its implementation,
possible refinements, and a potential abolition. Finally, this master’s thesis focused on
elaborating reasons for using metrics in large-scale agile software development, on potential
disadvantages and related challenges. Still, identifying success factors for implementing and
using metrics in this domain could provide helpful guidance for organizations.
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A.1. Interview study questionnaire

1. General questions about your role and company

a) What is your large-scale agile development (stakeholder) role?

• Developer

• Product Owner

• Scrum Master

• Software Architect

• Manager

• Agile Coach

• Enterprise Architect

• Business Analyst

• Solution Architect

• UX Expert

• Other

b) How long have you been working in the field of software development?

• 1 – 2 years

• 3 – 5 years

• 6 – 10 years

• 11 – 15 years

• 16 – 20 years

• > 20 years

c) How long have you been working in agile software development?

• 1 – 2 years

• 3 – 5 years

• 6 – 10 years

• 11 – 15 years

• 16 – 20 years
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• > 20 years

d) How long have you been working in large-scale agile software development?

• 1 – 2 years

• 3 – 5 years

• 6 – 10 years

• 11 – 15 years

• 16 – 20 years

• > 20 years

e) How long has your company been working with agile software development?

• 1 – 2 years

• 3 – 5 years

• 6 – 10 years

• 11 – 15 years

• 16 – 20 years

• > 20 years

f) How long has your company been working with large-scale agile software devel-
opment?

• 1 – 2 years

• 3 – 5 years

• 6 – 10 years

• 11 – 15 years

• 16 – 20 years

• > 20 years

g) Does your company operate internationally?

h) Which sector does your company operate in?

i) How many employees does your company have?

j) How large is the development group/organization?

k) How many teams are co-located and how many teams are distributed?

l) In which countries are the teams located?

m) Are we allowed to contact you again for further research? (For example, test
reading the analyzed challenges, reasons, advantages and disadvantages or further
questions regarding the given answers.)

2. General questions about large scale agile development
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a) Which scaling agile frameworks are you using during the software development
process?

• DA 2.0

• Crystal Family

• Enterprise Transition Framework

• LeSS

• Scrum-of-Scrums

• Nexus

• SAFe

• Enterprise Scrum

• DSDM

• Scrum at Scale

• Other

b) To which level do you scale agile practices?

c) Which organization-specific goals do you use in an agile environment?

d) If your company is interested in metrics, what are the three most important
reasons?

3. Questions on using metrics in large-scale agile development

a) What are the most important metrics that you use large-scale agile development?

b) What are the organization-specific goals, based on which the metric has been
defined?

c) What is the metric related data and where is it collected from?

d) What is the calculation rule of the metric?

e) What are the metric’s target, planned and tolerance values?

f) Which advantages do you perceive in using this metric?

g) Which disadvantages do you perceive in using this metric?

h) Which challenges do you face when using this metric?

i) Based on the provided challenges, could you prioritize these starting from the
most critical one?

j) How do you approach these challenges?

k) Which predefined countermeasures are you using?

l) What actions can be implemented to avoid encountering these challenges?

m) Who is involved in defining, selecting, implementing and deleting the metric?
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n) How often and by whom is the corresponding metric being monitored?

o) Who are the persons in charge of the achievement of the predefined metric values?

p) Which predefined actions are used when the measurements deviate from the
predefined metric values?

q) Which other stakeholders in your organization are interested in using the metric?

r) What is the reason for each stakeholder’s interest in using the metric?

s) Which other metrics is the corresponding one related to?

4. Additional questions about metrics

a) Which additional metrics are you planning to use within the organization in the
future?

b) Do (are) you use (planning to use) any specialized tools to keep track of metrics
and if yes, what are these?

c) What drawbacks, if any, could you experience when working with such tools?

A.2. Evaluation survey questions

1. Large-scale agile software development role and experience

a) What is your large-scale agile software development role?

• Agile Coach

• Business Analyst

• Developer

• Enterprise Architect

• Manager

• Scrum Master

• Software Architect

• Solution Architect

• Product Owner

• Release Train Engineer

• UX Expert

• Other

b) For how many years have you been working in the field of software development,
agile software development, and large-scale agile software development?

2. Evaluation of the Metric Management Fact Sheet (MMFS) for for large-scale agile
software development
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a) The elements of the Metric Management Fact Sheet (MMFS), which is illustrated
below, are relevant and useful for the documentation of metrics in large-scale agile
software development.

MMFS element Strongly agree Agree Neutral Disagree Strongly disagree
Title
Description
Calculation rule
Code
Information model
Goals
Level
Related metrics
Organizational instance
Data mapping
Properties

Table A.1.: MMFS elements evaluation

b) In your opinion, how valuable is the MMFS for the domain of large-scale agile
software development as a tool for the documentation of metrics?

• Very valuable

• Valuable

• Neutral

• Less valuable

• Not valuable at all

c) Do you have any improvement suggestions regarding the elements or the structure
of the MMFS?

3. Evaluation of the navigation elements of the metric catalog

a) In your opinion, how valuable are the navigation elements of the catalog for the
identification and selection of metrics?

Navigation element Very valuable Valuable Neutral Less valuable Not valuable at all
Goal-Metric-Matrix
Organizational level of usage of metric
Related metrics

Table A.2.: Catalog navigation elements evaluation

b) Do you have any improvement suggestions regarding the navigation support tools
of the metric catalog?

4. Evaluation of the overall catalog and all its elements

a) In your opinion, how valuable is the catalog of metrics for large-scale agile software
development for the identification, documentation, and implementation of metrics?
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• Very valuable

• Valuable

• Neutral

• Less valuable

• Not valuable at all

b) I can imagine using the metric catalog for the following usage scenarios.

MMFS element Strongly agree Agree Neutral Disagree Strongly disagree
Inspiration regarding potential
metrics
Identification and selection of
metrics
Organization-specific configura-
tion and adaption of metrics

Table A.3.: Catalog usage scenarios evaluation

c) Can you imagine using the catalog for another usage scenario that was not listed
in the previous question?

d) Do you have any improvement suggestions regarding the elements or the overall
structure of the metric catalog?

5. General feedback

a) Do you have any general feedback regarding the catalog, the MMFS, or the study?
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A.3. Study results

Organization Customized use of
frameworks

Multiple Frameworks with
development organization Frameworks

BankCo 7 SAFe

CarCo1 7 7
SAFe
Scrum-of-Scrums

CarCo2 Scrum-of-Scrums
Scrum@Scale

ConsultCo 7 7

LeSS
SAFe
Scrum-of-Scrums

HealthCareCo 7 7

LeSS
SAFe
Scrum-of-Scrums

InsuranceCo1 7 7

SAFe
Nexus
Scrum-of-Scrums

InsuranceCo2 Scrum@Scale

RetailCo1 7

SAFe
Scrum-of-Scrums
Spotify

RetailCo2 7 7

LeSS
Nexus
SAFe
Scrum-of-Scrums
Spotify

TelecommunicationCo 7
LeSS
Scrum-of-Scrums

TransportationCo 7 SAFe

Table A.4.: Development environments of the organizations
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Organization

Statements start
agile

transformation
(years)

Start agile
transformation

(years)

Statement start
large-scale agile
transformation

(years)

Start large-scale
agile

transformation
(years)

BankCo 3-5 (E2)
6-10 (E18) 3-10 3-5 (E2)

3-5 (E18) 3-5

CarCo1 6-10 (E1) 6-10 1-2 (E1) 1-2
CarCo2 6-10 (E12) 6-10 3-5 (E12) 3-5

ConsultCo Not sure (E4, E6,
E7, E8, E11) - Not sure (E4, E6,

E7, E8, E11) -

HealthCareCo 11-15 (E3, E5,
E10) 11-15 11-15 (E3, E10)

6-10 (E5) 6-15

InsuranceCo1
Not sure (E14)
1-2 (E15)
1-5 (E17)

1-5
Not sure (E14)

1-2 (E15)
1-5 (E17)

1-5

InsuranceCo2 1-2 (E16) 1-2 1-2 (E16) 1-2
RetailCo1 3-5 (E13) 3-5 3-5 (E13) 3-5
RetailCo2 6-10 (E19) 6-10 1-2 (E19) 1-2
TelecommunicationCo 11-15 (E9) 11-15 11-15 (E9) 11-15
TransportationCo 3-5 (E19) 3-5 3-5 (E19) 3-5

Table A.5.: Start of agile and large-scale agile transformations

Table A.6.: Metrics in large-scale agile software development
ID Original name Mapped name Agile Level Expert Organization

1 Employee NPS Employee NPS Traditional Organizational 13 RetailCo1

2 Employee satisfac-
tion of whole com-
pany

Employee satisfac-
tion

Traditional Organizational 14 InsuranceCo1

3 Employee satisfac-
tion of whole IT de-
partment

Employee sat-
isfaction in IT
organization

Traditional Organizational 17 InsuranceCo1

4 Employee satisfac-
tion on pool level

Employee satisfac-
tion in pool

Traditional Organizational 17 InsuranceCo1

5 Number of APIs
gone live

Number of APIs
gone live

Traditional Organizational 2 BankCo

6 Otace rating on
company level

Organizational cus-
tomer satisfaction

Traditional Organizational 7 ConsultCo

7 Customers satisfac-
tion metric on com-
pany level

Organizational cus-
tomer satisfaction

Traditional Organizational 8 ConsultCo

8 Ratio of application
landscape running
on cloud technol-
ogy

Proportion of ap-
plication landscape
running on cloud
technology

Traditional Organizational 2 BankCo

9 Ratio of app land-
scape without full
vendor support

Proportion of ap-
plication landscape
without full vendor
support

Traditional Organizational 2 BankCo

144



A. Appendix

Table A.6 – continued from previous page

ID Original name Mapped name Agile Level Expert Organization

10 Working hours of
employees

Working hours of
an employee

Traditional Organizational 7 ConsultCo

11 Financial run rate
(Total cost of owner-
ship)

Monthly financial
run rate

Traditional Portfolio 2 BankCo

12 Financial run rate
per year

Yearly financial run
rate

Traditional Portfolio 2 BankCo

13 Delivery ratio/rate
on company level

Delivery rate of
QBR epics

Agile Portfolio 2 BankCo

14 Number of apps in
CI/CD chain

Number of appli-
cations in CI/CD
chain

Agile Portfolio 2 BankCo

15 Committed vs.
achieved key re-
sults

Planned vs.
achieved key re-
sults

Agile Portfolio 18 BankCo

16 Delivery quota Delivery rate of
QBR epics

Agile Portfolio 18 BankCo

17 App store rating App store rating Traditional Program 2 BankCo

18 Average lead time
within projects

Average demand
lead time

Agile Program 19 RetailCo2

19 Average hours per
user story

Average hours per
user story

Agile Program 19 RetailCo2

20 Number of conse-
quitve scans with-
out interrupts (in
the field)

Average number
of consecutive op-
erations without
interrupts

Traditional Program 3 HealthCareCo

21 Average of velocity
in last three PIs

Average program
velocity

Agile Program 20 TransportationCo

22 Average lead time
of user stories per
backlog on project
level

Average user story
cycle time on pro-
gram level

Agile Program 17 InsuranceCo1

23 Average story
points (ART)

Average user story
size

Agile Program 14 InsuranceCo1

24 Backlog fill level
/ requirements
within backlog

Backlog fill-level Agile Program 20 TransportationCo

25 Number of billable
hours worked for a
customer

Billable hours
worked on program

Traditional Program 7 ConsultCo

26 Blocks time of a fea-
ture

Blocked time of a
feature

Agile Program 8 ConsultCo

27 Burndown chart on
domain level

Burndown on do-
main level

Agile Program 10 HealthCareCo

28 Burnup on domain
level

Burnup on domain
level

Agile Program 10 HealthCareCo

29 Business value in
euros

Business value de-
livered per PI

Agile Program 14 InsuranceCo1

30 Capacity allocation Capacity allocation Traditional Program 5 HealthCareCo
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Table A.6 – continued from previous page

ID Original name Mapped name Agile Level Expert Organization

31 Number of done
user stories of an
epic

Completed user sto-
ries of an epic

Agile Program 12 CarCo2

32 Cost per working
hour per feature

Cost per working
hour of a feature

Agile Program 7 ConsultCo

33 Satisfaction regard-
ing collaboration
with program
management

Customer satis-
faction regarding
collaboration with
program manage-
ment

Agile Program 14 InsuranceCo1

34 Satisfaction with
managing roles
(PM, RTE etc.)

Customer satis-
faction regarding
collaboration with
steering roles

Agile Program 14 InsuranceCo1

35 Satisfaction with
communication (PI
planning, review
etc.)

Customer satis-
faction regarding
communication
events

Agile Program 14 InsuranceCo1

36 Internal customer /
business owner sat-
isfaction with ART

Customer satisfac-
tion regarding the
overall program

Agile Program 14 InsuranceCo1

37 Satisfaction regard-
ing communication
with POs and teams

Customer satisfac-
tion with communi-
cation with product
owner and teams

Agile Program 14 InsuranceCo1

38 Customer satis-
faction metric on
project level

Customer satisfac-
tion with program

Traditional Program 6 ConsultCo

39 Otace rating on
project level

Customer satisfac-
tion with program

Traditional Program 7 ConsultCo

40 Level (%) between
bugs and delivered
feature

Defect-feature ratio Agile Program 1 CarCo1

41 Defects Defects in produc-
tion

Traditional Program 5 HealthCareCo

42 Number of bugs
in production on
project level

Defects in produc-
tion

Traditional Program 8 ConsultCo

43 Number of A, B
and C bugs at cus-
tomer

Defects in produc-
tion

Traditional Program 9 TelecommunicationCo

44 Error tickets for
each category

Defects in produc-
tion

Traditional Program 15 InsuranceCo1

45 Failures in installed
base

Defects in produc-
tion

Traditional Program 3 HealthCareCo

46 Number of error
tickets

Defects in produc-
tion

Traditional Program 14 InsuranceCo1

47 Delays of planned
releases

Delay of planned re-
lease

Traditional Program 9 TelecommunicationCo

48 Delivery ratio/rate
on cluster level

Delivery rate of
epics

Agile Program 2 BankCo
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Table A.6 – continued from previous page

ID Original name Mapped name Agile Level Expert Organization

49 Development cycle Demand cycle time Agile Program 19 RetailCo2

50 Lead time (of de-
mands)

Demand lead time Agile Program 19 RetailCo2

51 Downtime Downtime Traditional Program 2 BankCo

52 Time btw. starting
& pushing scan but-
ton along with scan
taking

Duration of a soft-
ware operation

Traditional Program 3 HealthCareCo

53 Effort distribution Effort distribution Traditional Program 19 RetailCo2

54 Effort charged for
project / payment
rate

Effort distribution
on projects

Traditional Program 14 InsuranceCo1

55 Effort distribution
on projects

Effort distribution
on projects

Traditional Program 15 InsuranceCo1

56 Employee satisfac-
tion (ART)

Employee satisfac-
tion on program
level

Traditional Program 14 InsuranceCo1

57 Employee satisfac-
tion on IT-service
level

Employee satisfac-
tion on program
level

Traditional Program 17 InsuranceCo1

58 Epic burn-down Epic burn-down Agile Program 12 CarCo2

59 Burndown on epic
level

Epic burn-down Agile Program 13 RetailCo1

60 Business value on
epic level in euro

Epic business value Agile Program 19 RetailCo2

61 Lead time of epics Epic lead time Agile Program 19 RetailCo2

62 Excecution time of
integration pipeline

Execution time of in-
tegration pipeline

Agile Program 3 HealthCareCo

63 Execution time of
test pipeline

Execution time of
test pipeline

Agile Program 3 HealthCareCo

64 Failure rate of au-
tomatic tests in test
pipeline

Failure rate of auto-
matic tests

Agile Program 3 HealthCareCo

65 Feature cycle time Feature cycle time Agile Program 14 InsuranceCo1

66 Lead time of fea-
tures

Feature lead time Agile Program 1 CarCo1

67 Feature lead time Feature lead time Agile Program 9 TelecommunicationCo

68 Feature usage Feature usage Traditional Program 1 CarCo1

69 Amount of selec-
tions of opera-
tions/scan modes
(in the field)

Feature usage Traditional Program 3 HealthCareCo

70 VZP / persons in
program

Fulltime employees
in program

Traditional Program 20 TransportationCo

71 Amount of hours Hours spent on pro-
gram by developers

Traditional Program 19 RetailCo2

72 Implementation ef-
fort

Implementation ef-
fort

Traditional Program 19 RetailCo2
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Table A.6 – continued from previous page

ID Original name Mapped name Agile Level Expert Organization

73 Burndown on initia-
tive/tribe level

Initiative burn-
down

Agile Program 13 RetailCo1

74 Requirement life cy-
cle

Initiative lead time Agile Program 13 RetailCo1

75 Internal rating of
customer satisfac-
tion

Internal customer
satisfaction rating

Traditional Program 2 BankCo

76 Scan lead time (in
the field)

Lead time of a soft-
ware operation

Traditional Program 3 HealthCareCo

77 Days from code
freeze until run and
release for informal
tests

Lead time to inter-
nal tests

Agile Program 5 HealthCareCo

78 Maximum hours
per user story

Maximal number of
hours spent on a
user story

Agile Program 19 RetailCo2

79 Burndown on
project level for a
milestone

Milestone burn-
down

Agile Program 5 HealthCareCo

80 Minimum hours
per user story

Minimal number of
hours spent on a
user story

Agile Program 19 RetailCo2

81 Mobile OS adop-
tion rate at cus-
tomer

Mobile operating
system adoption
rate at customer

Traditional Program 1 CarCo1

82 Number of blocked
features

Number of blocked
features

Agile Program 8 ConsultCo

83 Number of com-
plaints by user-
s/warehouse
workers

Number of com-
plaints

Traditional Program 13 RetailCo1

84 Number of defects
resulting from test
environment

Number of defects
found in the test en-
vironment

Traditional Program 5 HealthCareCo

85 Test deviation / test
bugs

Number of defects
found in the test en-
vironment

Traditional Program 14 InsuranceCo1

86 Number of bugs in
a delivered feature

Number of defects
in a delivered fea-
ture

Traditional Program 1 CarCo1

87 Enabler features
planned

Number of enabler
features planned

Agile Program 7 ConsultCo

88 Executed tests for
each milestone

Number of exe-
cuted tests per
milestone

Agile Program 5 HealthCareCo

89 Executed tests for
each quarter

Number of exe-
cuted tests per
PI

Agile Program 5 HealthCareCo

90 Executed tests for
each sprint

Number of exe-
cuted tests per
sprint

Agile Program 5 HealthCareCo
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Table A.6 – continued from previous page

ID Original name Mapped name Agile Level Expert Organization

91 Amount of failed
check-ins into cre-
ation branch of all
teams

Number of failed
check ins into the
creation branch

Agile Program 5 HealthCareCo

92 Number of fall-
backs

Number of fallbacks Traditional Program 13 RetailCo1

93 Number of feature
teams

Number of feature
teams

Agile Program 5 HealthCareCo

94 Realized require-
ments for each
milestone

Number of features
per milestone

Agile Program 5 HealthCareCo

95 Amount of features
developed in a PI

Number of features
per PI

Agile Program 1 CarCo1

96 Realized require-
ments for each
quarter

Number of features
per PI

Agile Program 5 HealthCareCo

97 Throughput of fea-
tures

Number of features
per PI

Agile Program 15 InsuranceCo1

98 Amount of features
developed in a
sprint

Number of features
per sprint

Agile Program 1 CarCo1

99 Realized require-
ments for each
sprint

Number of features
per sprint

Agile Program 5 HealthCareCo

100 Features planned Number of features
planned

Agile Program 5 HealthCareCo

101 Features planned Number of features
planned

Agile Program 7 ConsultCo

102 Interrupts Number of inter-
rupts

Traditional Program 3 HealthCareCo

103 Number of licenses
sold for a feature

Number of licences
sold for a feature

Traditional Program 5 HealthCareCo

104 Number of mainte-
nance issues

Number of mainte-
nance issues

Traditional Program 20 TransportationCo

105 Number of new
bugs in a sprint on
project level

Number of new de-
fects per sprint

Agile Program 8 ConsultCo

106 Number of open
non-functional
requirements

Number of open
non functional
requirements

Traditional Program 20 TransportationCo

107 Number of opti-
mization issues

Number of opti-
mization issues

Traditional Program 20 TransportationCo

108 Stories planned on
project level per PI

Number of planned
user stories per PI

Agile Program 7 ConsultCo

109 Stories planned on
project level per
sprint in PI

Number of planned
user stories per
sprint on program
level

Agile Program 7 ConsultCo
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Table A.6 – continued from previous page

ID Original name Mapped name Agile Level Expert Organization

110 Number of bugs
fixed in a sprint on
project level

Number of resolved
defects per sprint

Agile Program 8 ConsultCo

111 Number of sprints
required for a repet-
itive task

Number of sprints
required for a repet-
itive job

Agile Program 2 BankCo

112 Number of sprints
required to get an
API live on plat-
form

Number of sprints
required for getting
an API live

Agile Program 2 BankCo

113 Number of techni-
cal issues

Number of techni-
cal issues

Traditional Program 20 TransportationCo

112 Number of tests in
quarantine build

Number of tests in
quarantine build

Traditional Program 5 HealthCareCo

115 Amount user sto-
ries developed in a
PI

Number of user sto-
ries per PI

Agile Program 1 CarCo1

116 Throughput of sto-
ries

Number of user sto-
ries per PI

Agile Program 15 InsuranceCo1

117 Percentage of auto-
mated tests

Percentage of auto-
mated tests

Traditional Program 5 HealthCareCo

118 Number of person
days spent on
project

Person days spent
on program

Traditional Program 12 CarCo2

119 Person day estima-
tion on project level

Person days spent
on program

Traditional Program 17 InsuranceCo1

120 Man hours of a
sprint

Person hours per
sprint

Agile Program 7 ConsultCo

121 Burndown on
project level for a
quarter

PI burn-down Agile Program 5 HealthCareCo

122 Burndown charts
scaled

PI burn-down Agile Program 3 HealthCareCo

123 Planned velocity on
program level for a
PI

Planned program
velocity

Agile Program 20 TransportationCo

124 Planned velocity on
project level

Planned program
velocity

Agile Program 10 HealthCareCo

125 Planned custom
velocity on project
level

Planned program
velocity factor

Agile Program 7 ConsultCo

126 Story points/ve-
locity planned on
project level

Planned program
velocity per sprint

Agile Program 8 ConsultCo

127 Planned / fore-
casted velocity on
project level

Planned program
velocity per sprint

Agile Program 19 RetailCo2
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128 Number of story
points/velocity
planned on project
level

Planned program
velocity per sprint

Agile Program 7 ConsultCo

129 Planned velocity on
program level for a
sprint

Planned program
velocity per sprint

Agile Program 20 TransportationCo

130 Planned velocity on
project level

Planned program
velocity per sprint

Agile Program 11 ConsultCo

131 Achievement levels
in capabilities of PI

Planned vs. actual
number of capabili-
ties

Agile Program 20 TransportationCo

132 Features comit-
ted vs. features
delivered

Planned vs. actual
number of features

Agile Program 9 TelecommunicationCo

133 Number of planned
features that have
been implemented

Planned vs. actual
number of features
(%)

Agile Program 3 HealthCareCo

134 Commitment quote
of features

Planned vs. actual
number of features
(%)

Agile Program 14 InsuranceCo1

135 User stories done
vs. committed on
program level

Planned vs. actual
number of user sto-
ries per sprint on
program level

Agile Program 9 TelecommunicationCo

136 Commitment
(quote) of ART

Planned vs. actual
program effort

Agile Program 15 InsuranceCo1

137 Achievement levels
in story points of PI

Planned vs. actual
program velocity

Agile Program 20 TransportationCo

138 Forcasted vs. actual
velocity

Planned vs. ac-
tual program veloc-
ity per sprint

Agile Program 19 RetailCo2

139 Lead time of prod-
uct (scanner)

Product lead time Traditional Program 3 HealthCareCo

140 Product lead time Product lead time Traditional Program 9 TelecommunicationCo

141 Capacity on project
level

Program capacity Agile Program 8 ConsultCo

142 Capacity on project
level

Program capacity Agile Program 11 ConsultCo

143 Cost vs. Budget Program cost vs.
budget

Traditional Program 6 ConsultCo

144 Cost vs. budget Program cost vs.
budget

Traditional Program 7 ConsultCo

145 ART flow Program flow Agile Program 14 InsuranceCo1

146 Utilization level of
the organization
(program)

Program utilization
level

Traditional Program 3 HealthCareCo

147 Velocity on pro-
gram level in story
points in PI

Program velocity Agile Program 20 TransportationCo
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148 Custom velocity on
project level

Program velocity
factor per sprint

Agile Program 4 ConsultCo

149 Custom velocity on
project level

Program velocity
factor per sprint

Agile Program 7 ConsultCo

150 Custom velocity on
project level

Program velocity
factor per sprint

Agile Program 8 ConsultCo

151 Effciency quotient Program velocity
factor per sprint

Agile Program 20 TransportationCo

152 Velocity factor on
project level

Program velocity
factor per sprint

Agile Program 11 ConsultCo

153 Number of story
points/velocity on
project level

Program velocity
per sprint

Agile Program 4 ConsultCo

154 Actual velocity on
project level

Program velocity
per sprint

Agile Program 19 RetailCo2

155 Number of story
points/velocity on
project level

Program velocity
per sprint

Agile Program 8 ConsultCo

156 Actual velocity on
project level

Program velocity
per sprint

Agile Program 10 HealthCareCo

157 Velocity on pro-
gram level in story
points in sprint

Program velocity
per sprint

Agile Program 20 TransportationCo

158 Velocity on project
level

Program velocity
per sprint

Agile Program 11 ConsultCo

159 Queue load Queue load Agile Program 3 HealthCareCo

160 Ratio of bugs raised
which turned out to
be real bugs

Real defects Traditional Program 11 ConsultCo

161 Burndown charts Release burn-down Agile Program 15 InsuranceCo1

162 Burndown chart for
planned release

Release burn-down Agile Program 9 TelecommunicationCo

163 Burndown chart on
project level

Release burn-down Agile Program 10 HealthCareCo

164 Readiness level of
system integration

Release burn-up Agile Program 3 HealthCareCo

165 Burnup chart for
planned release

Release burn-up Agile Program 9 TelecommunicationCo

166 Burnup on project
level

Release burn-up Agile Program 10 HealthCareCo

167 Bugs occured mi-
nus bugs fixed on
project level

Remaining defects
per sprint

Agile Program 11 ConsultCo

168 Amount of billover
on project level

Remaining work on
program level

Agile Program 11 ConsultCo

169 ART run and
change

Run and change per
PI

Agile Program 16 InsuranceCo1

170 Run and change on
ART level

Run and change per
PI in person hours

Agile Program 15 InsuranceCo1
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171 Standard deviation
of hours per user
story

Standard deviations
of hours per user
story

Agile Program 19 RetailCo2

172 Revenue Story point based
program revenue

Traditional Program 6 ConsultCo

173 Revenue of sprint Story point based
revenue per sprint

Agile Program 7 ConsultCo

174 Planned velocity on
epic level

Story point estima-
tion of an epic

Agile Program 13 RetailCo1

175 Planned velocity on
intative level

Story point estima-
tion of an initiative

Agile Program 13 RetailCo1

176 Epic T-shirt size T-shirt size estima-
tion of an epic

Agile Program 12 CarCo2

177 Technical debt Technical debt Traditional Program 20 TransportationCo

178 Test coverage (%)
on project level

Test coverage Traditional Program 7 ConsultCo

179 Test coverage on
project level

Test coverage Traditional Program 8 ConsultCo

180 Test coverage Test coverage Traditional Program 19 RetailCo2

181 Test coverage Test coverage Traditional Program 15 InsuranceCo1

182 Number of test er-
rors in a build on
creation branch

Test errors in a
build on the cre-
ation branch

Traditional Program 5 HealthCareCo

183 Number of test er-
rors on almost real
system

Test errors in an al-
most real system

Traditional Program 5 HealthCareCo

184 Number of test er-
rors in integrated
software

Test errors in inte-
grated software

Traditional Program 5 HealthCareCo

185 Test gaps concern-
ing components

Test gaps concern-
ing the environment

Traditional Program 5 HealthCareCo

186 Test gaps concern-
ing requirements

Test gaps concern-
ing the require-
ments

Traditional Program 5 HealthCareCo

187 Throughput of a CI
pipeline

Throughput of the
CI/CD pipeline

Agile Program 3 HealthCareCo

188 Duration for fixing
bugs on project
level

Time for fixing a de-
fect

Traditional Program 10 HealthCareCo

189 Duration to fix
bugs at customer in
each category (A, B,
C)

Time for fixing a de-
fect in production

Traditional Program 9 TelecommunicationCo

190 Time ticket is exist-
ing / Time required
to fix a ticket

Time for fixing a de-
fect in production

Traditional Program 17 InsuranceCo1

191 Status of continu-
ous release readi-
ness

Time from decision
to release to actual
release

Agile Program 3 HealthCareCo
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192 Time required to
respond/look at
ticket

Time required to re-
spond to a defect in
production

Traditional Program 15 InsuranceCo1

193 Duration to re-
spond to bugs at
customer in each
category (A, B, C)

Time required to re-
spond to a defect in
production

Traditional Program 9 TelecommunicationCo

194 Time until integra-
tion (and first feed-
back)

Time until integra-
tion

Agile Program 3 HealthCareCo

195 Defects on project
level

Total defects Traditional Program 4 ConsultCo

196 Defect count Total defects Traditional Program 10 HealthCareCo

197 Defects on project
level

Total defects Traditional Program 6 ConsultCo

198 Amount of defects
on project level

Total defects Traditional Program 7 ConsultCo

199 Defects Total defects Traditional Program 8 ConsultCo

200 Number of bugs
created in the last
months on project
level

Total number of de-
fects in last months

Traditional Program 8 ConsultCo

201 Number of bugs
created in the last
year on project level

Total number of de-
fects per year

Traditional Program 8 ConsultCo

202 Total tests Total tests Traditional Program 5 HealthCareCo

203 Unit test coverage Unit test coverage Traditional Program 5 HealthCareCo

204 Test coverage with
unit tests

Unit test coverage Traditional Program 11 ConsultCo

205 Number of unit test
in each component

Unit tests per com-
ponent

Traditional Program 5 HealthCareCo

206 Velocity on epic
level

Velocity on epic
level

Agile Program 13 RetailCo1

207 Velocity on initia-
tive level

Velocity on intitia-
tive level

Agile Program 13 RetailCo1

208 Average lead time
of user stories per
backlog on team
level

Average user story
cycle time

Agile Team 17 InsuranceCo1

209 Average velocity on
team level

Average velocity Agile Team 1 CarCo1

210 Average custom ve-
locity on team level

Average velocity fac-
tor

Agile Team 6 ConsultCo

211 Blocks time of a
story

Blocked time of a
user story

Agile Team 8 ConsultCo

212 Cumulative flow
diagram on team
level

Cumulative flow di-
agram

Agile Team 16 InsuranceCo2
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213 Number of created
error tickets per cat-
egory per team

Defects in produc-
tion per team

Traditional Team 14 InsuranceCo1

214 Effort spent on sto-
ries

Effort per user story Agile Team 21 RetailCo2

215 Actual implementa-
tion cost per user
story

Implementation
cost per user story

Agile Team 19 RetailCo2

216 Number of blocked
stories

Number of blocked
user stories

Agile Team 8 ConsultCo

217 Amount of user sto-
ries developed in a
sprint

Number of user sto-
ries per sprint

Agile Team 1 CarCo1

218 Number of user
stories planned on
team level

Number of user sto-
ries planned

Agile Team 5 HealthCareCo

219 Person day estima-
tion

Person day estima-
tion

Agile Team 14 InsuranceCo1

220 Person day estima-
tion of stories

Person day estima-
tion

Agile Team 15 InsuranceCo1

221 Planned story
points/velocity on
team level

Planned velocity Agile Team 4 ConsultCo

222 Planned / fore-
casted velocity on
team level

Planned velocity Agile Team 19 RetailCo2

223 Planned story
points/velocity on
team level

Planned velocity Agile Team 6 ConsultCo

224 Planned velocity on
team level

Planned velocity Agile Team 10 HealthCareCo

225 Planned velocity on
team level for a
sprint

Planned velocity Agile Team 20 TransportationCo

226 Planned custom ve-
locity on team level

Planned velocity
factor

Agile Team 4 ConsultCo

227 Planned custom ve-
locity on team level

Planned velocity
factor

Agile Team 6 ConsultCo

228 Planned custom ve-
locity on team level

Planned velocity
factor

Agile Team 7 ConsultCo

229 Custom planned ve-
locity on team level

Planned velocity
factor

Agile Team 8 ConsultCo

230 Planned velocity on
team level for a PI

Planned velocity
per PI

Agile Team 20 TransportationCo

231 User stories done
vs. committed on
team level

Planned vs. actual
number of user sto-
ries per sprint

Agile Team 9 TelecommunicationCo

232 Sprint target
achievement –>
Team

Planned vs. actual
number of user sto-
ries per sprint (%)

Agile Team 14 InsuranceCo1
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233 Sprint target
achievement in
story points –>
Team

Planned vs. actual
velocity

Agile Team 14 InsuranceCo1

234 Achievement levels
in story points of PI
on team level

Planned vs. actual
velocity per PI

Agile Team 20 TransportationCo

235 Amount of billover
on team level

Remaining work Agile Team 11 ConsultCo

236 Story points not
completed on team
level

Remaining work Agile Team 16 InsuranceCo2

237 Number of done er-
ror tickets per cate-
gory per team

Resolved defects
in production per
team

Traditional Team 14 InsuranceCo1

238 Run and change on
team level

Run and change per
sprint

Agile Team 15 InsuranceCo1

239 Burndown chart on
team level

Sprint burn-down Agile Team 1 CarCo1

240 Burndown chart on
team level

Sprint burn-down Agile Team 16 InsuranceCo2

241 Burndown on team
level

Sprint burn-down Agile Team 5 HealthCareCo

242 Burndown chart on
team level

Sprint burn-down Agile Team 10 HealthCareCo

243 Burndown chart on
team level

Sprint burn-down Agile Team 12 CarCo2

244 Burndowns Sprint burn-down Agile Team 22 TransportationCo

245 Burndown charts
on team level

Sprint burn-down Agile Team 3 HealthCareCo

246 Burndown chart on
team level

Sprint burn-down Agile Team 17 InsuranceCo1

247 Burndown Sprint burn-down Agile Team 18 BankCo

248 Burnup on team
level

Sprint burn-up Agile Team 10 HealthCareCo

249 Burnup chart on
team level

Sprint burn-up Agile Team 16 InsuranceCo2

250 User stories size Story point estima-
tion

Agile Team 9 TelecommunicationCo

251 Story point estima-
tions of stories

Story point estima-
tion

Agile Team 19 RetailCo2

252 Story point estima-
tion

Story point estima-
tion

Agile Team 16 InsuranceCo2

253 User story story
point estimation

Story point estima-
tion

Agile Team 12 CarCo2

254 User story story
point estimation

Story point estima-
tion

Agile Team 13 RetailCo1

255 Story points Story point estima-
tion

Agile Team 20 TransportationCo
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256 Story point estima-
tions of stories

Story point estima-
tion

Agile Team 6 ConsultCo

257 Story point estima-
tion

Story point estima-
tion

Agile Team 1 CarCo1

258 Story point estima-
tion

Story point estima-
tion

Agile Team 4 ConsultCo

259 Story point estima-
tion

Story point estima-
tion

Agile Team 7 ConsultCo

260 Story point estima-
tion

Story point estima-
tion

Agile Team 8 ConsultCo

261 Story point estima-
tion

Story point estima-
tion

Agile Team 10 HealthCareCo

262 Story point estima-
tion

Story point estima-
tion

Agile Team 14 InsuranceCo1

263 Story point estima-
tion

Story point estima-
tion

Agile Team 17 InsuranceCo1

264 Story point estima-
tion of user stories

Story point estima-
tion

Agile Team 11 ConsultCo

265 Story points in-
cluded into sprint
on team level

Story points in-
cluded into sprint

Agile Team 16 InsuranceCo2

266 Story points per t-
shirt size

Story points per t-
shirt size

Agile Team 19 RetailCo2

267 Story points re-
moved from sprint
on team level

Story points re-
moved from sprint

Agile Team 16 InsuranceCo2

268 User story t-shirt
size estimation

T-shirt size estima-
tion

Agile Team 19 RetailCo2

269 Burndown chart on
team level based on
tasks

Task-based sprint
burn-down

Agile Team 1 CarCo1

270 Team backlog range Team backlog range Agile Team 14 InsuranceCo1

271 Capacity Team capacity Agile Team 6 ConsultCo

272 Capacity of team Team capacity Agile Team 8 ConsultCo

273 Utilization level of
teams

Team utilization
level

Traditional Team 3 HealthCareCo

274 Number of test er-
rors in a build on
team level

Test errors in a
build on team level

Traditional Team 5 HealthCareCo

275 Business value on
user story level in
euro

User story business
value

Agile Team 19 RetailCo2

276 Ratio of earned
business value vs.
money spent on
user story

User story costs vs.
business value

Agile Team 19 RetailCo2

277 Lead time of user
stories

User story lead time Agile Team 19 RetailCo2

278 Lead time User story lead time Agile Team 18 BankCo
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279 Classical velocity
on team level

Velocity Agile Team 1 CarCo1

280 Actual velocity on
team level

Velocity Agile Team 19 RetailCo2

281 Velocity on team
level

Velocity Agile Team 16 InsuranceCo2

282 Team velocity in
story points

Velocity Agile Team 14 InsuranceCo1

283 Velocity on team
level

Velocity Agile Team 11 ConsultCo

284 Number of story
points/velocity on
team level

Velocity Agile Team 4 ConsultCo

285 Number of story
points/velocity on
team level

Velocity Agile Team 6 ConsultCo

286 Actual velocity on
team level

Velocity Agile Team 10 HealthCareCo

287 Velocity on team
level

Velocity Agile Team 12 CarCo2

288 Velocity on user
story level

Velocity Agile Team 13 RetailCo1

289 Velocity on team
level in story points

Velocity Agile Team 20 TransportationCo

290 Velocity on team
level

Velocity Agile Team 17 InsuranceCo1

291 Velocity Velocity Agile Team 18 BankCo

292 Custom velocity on
team level

Velocity factor Agile Team 4 ConsultCo

293 Velocity factor on
team level

Velocity factor Agile Team 11 ConsultCo

294 Custom velocity on
team level

Velocity factor Agile Team 6 ConsultCo

295 Custom velocity on
team level

Velocity factor Agile Team 7 ConsultCo

296 Custom velocity on
team level

Velocity factor Agile Team 8 ConsultCo

297 Team velocity in
person days

Velocity in person
days

Agile Team 14 InsuranceCo1

298 Number of things
done in parallel to
conform to WIP
limit

Work in progress Agile Team 2 BankCo

299 Time required from
team backlog to
production

Work item cycle
time

Agile Team 2 BankCo
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Goal category Goal Metric mapped name Expert Organization

Development
organization
and processes

Transparency Average demand lead time E19 RetailCo2

Development
organization
and processes

Transparency Average hours per user story E19 RetailCo2

Development
organization
and processes

Transparency Average program velocity E20 TransportationCo

Development
organization
and processes

Transparency Average user story size E14 InsuranceCo1

Development
organization
and processes

Transparency Backlog fill-level E20 TransportationCo

Development
organization
and processes

Transparency Blocked time of a feature E8 ConsultCo

Development
organization
and processes

Transparency Blocked time of a user story E8 ConsultCo

Development
organization
and processes

Transparency Burndown on domain level E10 HealthCareCo

Development
organization
and processes

Transparency Burnup on domain level E10 HealthCareCo

Development
organization
and processes

Transparency Effort distribution E19 RetailCo2

Development
organization
and processes

Transparency Effort distribution on projects E16, E17 InsuranceCo1

Development
organization
and processes

Transparency Effort per user story E19 RetailCo2

Development
organization
and processes

Transparency Employee satisfaction on pro-
gram level E16 InsuranceCo1

Development
organization
and processes

Transparency Epic burn-down E12 CarCo2

Development
organization
and processes

Transparency Feature cycle time E16 InsuranceCo1

Development
organization
and processes

Transparency Implementation effort E19 RetailCo2
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Development
organization
and processes

Transparency Initiative burn-down E13 RetailCo1

Development
organization
and processes

Transparency Maximal number of hours spent
on a user story E19 RetailCo2

Development
organization
and processes

Transparency Milestone burn-down E5 HealthCareCo

Development
organization
and processes

Transparency Minimal number of hours spent
on a user story E19 RetailCo2

Development
organization
and processes

Transparency Number of blocked features E8 ConsultCo

Development
organization
and processes

Transparency Number of blocked user stories E8 ConsultCo

Development
organization
and processes

Transparency PI burn-down E5 HealthCareCo

Development
organization
and processes

Transparency Planned program velocity E10 HealthCareCo

Development
organization
and processes

Transparency Planned velocity E10 HealthCareCo

Development
organization
and processes

Transparency Planned vs. achieved key re-
sults E18 BankCo

Development
organization
and processes

Transparency Planned vs. actual number of
features (%) E14 InsuranceCo1

Development
organization
and processes

Transparency Planned vs. actual number of
user stories per sprint (%) E14 InsuranceCo1

Development
organization
and processes

Transparency Planned vs. actual velocity E14 InsuranceCo1

Development
organization
and processes

Transparency Planned vs. actual velocity per
PI E20 TransportationCo

Development
organization
and processes

Transparency Program flow E14 InsuranceCo1

Development
organization
and processes

Transparency Program velocity E20 TransportationCo

Development
organization
and processes

Transparency Program velocity factor per
sprint E7, E8 ConsultCo
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Development
organization
and processes

Transparency Program velocity per sprint E20 TransportationCo

Development
organization
and processes

Transparency Release burn-down E9, E10 TransportationCo,
HealthCareCo

Development
organization
and processes

Transparency Release burn-up E9, E10 TransportationCo,
HealthCareCo

Development
organization
and processes

Transparency Remaining defects per sprint E11 ConsultCo

Development
organization
and processes

Transparency Remaining work E11, E16 ConsultCo,
InsuranceCo2

Development
organization
and processes

Transparency Remaining work on program
level E11 ConsultCo

Development
organization
and processes

Transparency Run and change per PI E14 InsuranceCo1

Development
organization
and processes

Transparency Run and change per PI in per-
son hours E15 InsuranceCo1

Development
organization
and processes

Transparency Run and change per sprint E15 InsuranceCo1

Development
organization
and processes

Transparency Sprint burn-down E5, E11,
E16

HealthCareCo, Con-
sultCo, InsuranceCo2

Development
organization
and processes

Transparency Sprint burn-up E10 HealthCareCo

Development
organization
and processes

Transparency Standard deviations of hours
per user story E19 RetailCo2

Development
organization
and processes

Transparency Story points included into
sprint E16 InsuranceCo2

Development
organization
and processes

Transparency Story points removed from
sprint E16 InsuranceCo2

Development
organization
and processes

Transparency Team backlog range E14 InsuranceCo1

Development
organization
and processes

Transparency Velocity E10, E14 HealthCareCo, Insur-
anceCo1

Development
organization
and processes

Transparency Velocity factor E8, E11 ConsultCo
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Development
organization
and processes

Transparency Velocity in person days E14 InsuranceCo1

Development
organization
and processes

Improved planning Average program velocity E20 TransportationCo

Development
organization
and processes

Improved planning Blocked time of a feature E8 ConsultCo

Development
organization
and processes

Improved planning Blocked time of a user story E8 ConsultCo

Development
organization
and processes

Improved planning Epic burn-down E13 RetailCo1

Development
organization
and processes

Improved planning Initiative burn-down E13 RetailCo1

Development
organization
and processes

Improved planning Initiative lead time E13 RetailCo1

Development
organization
and processes

Improved planning Milestone burn-down E5 HealthCareCo

Development
organization
and processes

Improved planning Number of blocked features E8 ConsultCo

Development
organization
and processes

Improved planning Number of blocked user stories E8 ConsultCo

Development
organization
and processes

Improved planning Person day estimation E15 InsuranceCo1

Development
organization
and processes

Improved planning PI burn-down E5 HealthCareCo

Development
organization
and processes

Improved planning Planned program velocity E10, E20 HealthCareCo,
TransportationCo

Development
organization
and processes

Improved planning Planned program velocity factor E7 ConsultCo

Development
organization
and processes

Improved planning Planned program velocity per
sprint E11, E19 ConsultCo, RetailCo2

Development
organization
and processes

Improved planning Planned velocity E11, E19,
E20

ConsultCo, RetailCo2,
TransportationCo

Development
organization
and processes

Improved planning Planned velocity factor E7 ConsultCo
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Development
organization
and processes

Improved planning Planned velocity per PI E20 TransportationCo

Development
organization
and processes

Improved planning Planned vs. actual program ef-
fort E15 InsuranceCo1

Development
organization
and processes

Improved planning Planned vs. actual program ve-
locity E20 TransportationCo

Development
organization
and processes

Improved planning Planned vs. actual program ve-
locity per sprint E19 RetailCo2

Development
organization
and processes

Improved planning Planned vs. actual velocity per
PI E20 TransportationCo

Development
organization
and processes

Improved planning Program utilization level E3 HealthCareCo

Development
organization
and processes

Improved planning Program velocity E20 TransportationCo

Development
organization
and processes

Improved planning Program velocity factor per
sprint E7 ConsultCo

Development
organization
and processes

Improved planning Program velocity per sprint E10, E11,
E19, E20

HealthCareCo, Con-
sultCo, RetailCo2,
TransportationCo

Development
organization
and processes

Improved planning Sprint burn-down E16 InsuranceCo2

Development
organization
and processes

Improved planning Story point estimation E16 InsuranceCo2

Development
organization
and processes

Improved planning Team utilization level E3 HealthCareCo

Development
organization
and processes

Improved planning Velocity
E10, E11,
E16, E19,
E20

HealthCareCo, Con-
sultCo, InsuranceCo2,
RetailCo2, Transporta-
tionCo

Development
organization
and processes

Improved planning Velocity factor E7, E11 ConsultCo

Development
organization
and processes

Predictability Burndown on domain level E10 HealthCareCo

Development
organization
and processes

Predictability Burnup on domain level E10 HealthCareCo
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Development
organization
and processes

Predictability Completed user stories of an
epic E12 CarCo2

Development
organization
and processes

Predictability Epic burn-down E12 CarCo2

Development
organization
and processes

Predictability Initiative burn-down E13 RetailCo1

Development
organization
and processes

Predictability Planned program velocity E10 HealthCareCo

Development
organization
and processes

Predictability Planned velocity E10 HealthCareCo

Development
organization
and processes

Predictability Planned vs. actual number of
user stories per sprint E9 TelecommunicationCo

Development
organization
and processes

Predictability
Planned vs. actual number of
user stories per sprint on pro-
gram level

E9 TelecommunicationCo

Development
organization
and processes

Predictability Program velocity factor per
sprint E8 ConsultCo

Development
organization
and processes

Predictability Release burn-down E10 HealthCareCo

Development
organization
and processes

Predictability Release burn-up E10 HealthCareCo

Development
organization
and processes

Predictability Remaining work E16 InsuranceCo2

Development
organization
and processes

Predictability Sprint burn-down E10 HealthCareCo

Development
organization
and processes

Predictability Sprint burn-up E10 HealthCareCo

Development
organization
and processes

Predictability Story point estimation of an
epic E13 RetailCo1

Development
organization
and processes

Predictability Story point estimation of an ini-
tiative E13 RetailCo1

Development
organization
and processes

Predictability Story points included into
sprint E16 InsuranceCo2

Development
organization
and processes

Predictability Story points removed from
sprint E16 InsuranceCo2
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Development
organization
and processes

Predictability Velocity E1, E13,
E16

CarCo1, RetailCo1,
InsuranceCo2

Development
organization
and processes

Predictability Velocity factor E6, E8 ConsultCo

Development
organization
and processes

Predictability Velocity on epic level E13 RetailCo1

Development
organization
and processes

Predictability Velocity on initiative level E13 RetailCo1

Development
organization
and processes

Agility Average user story cycle time E17 InsuranceCo1

Development
organization
and processes

Agility Average user story cycle time on
program level E17 InsuranceCo1

Development
organization
and processes

Agility Effort distribution on projects E15 InsuranceCo1

Development
organization
and processes

Agility Epic burn-down E12 CarCo2

Development
organization
and processes

Agility Number of APIs gone live E2 BankCo

Development
organization
and processes

Agility Planned program velocity per
sprint E19 RetailCo2

Development
organization
and processes

Agility Planned velocity E19 RetailCo2

Development
organization
and processes

Agility Program utilization level E3 HealthCareCo

Development
organization
and processes

Agility Program velocity per sprint E19 RetailCo2

Development
organization
and processes

Agility
Proportion of application land-
scape running on cloud technol-
ogy

E2 BankCo

Development
organization
and processes

Agility Team utilization level E3 HealthCareCo

Development
organization
and processes

Agility Velocity E19 RetailCo2

Development
organization
and processes

Agility Velocity on initiative level E13 RetailCo1
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Goal category Goal Metric mapped name Expert Organization

Development
organization
and processes

Agility Work item cycle time E2 BankCo

Development
organization
and processes

Efficiency Average program velocity E20 TransportationCo

Development
organization
and processes

Efficiency Average user story size E14 InsuranceCo1

Development
organization
and processes

Efficiency Effort distribution E19 RetailCo2

Development
organization
and processes

Efficiency Effort per user story E19 RetailCo2

Development
organization
and processes

Efficiency Feature cycle time E14 InsuranceCo1

Development
organization
and processes

Efficiency Implementation effort E19 RetailCo2

Development
organization
and processes

Efficiency Planned vs. actual number of
features (%) E14 InsuranceCo1

Development
organization
and processes

Efficiency Planned vs. actual number of
user stories per sprint (%) E14 InsuranceCo1

Development
organization
and processes

Efficiency Planned vs. actual velocity E14 InsuranceCo1

Development
organization
and processes

Efficiency Program flow E14 InsuranceCo1

Development
organization
and processes

Efficiency Program velocity E20 TransportationCo

Development
organization
and processes

Efficiency Program velocity factor per
sprint E11, E20 ConsultCo,

TransportationCo

Development
organization
and processes

Efficiency Program velocity per sprint E20 TransportationCo

Development
organization
and processes

Efficiency Real defects E11 ConsultCo

Development
organization
and processes

Efficiency Run and change per PI E14 InsuranceCo1

Development
organization
and processes

Efficiency Team backlog range E14 InsuranceCo1
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Goal category Goal Metric mapped name Expert Organization

Development
organization
and processes

Efficiency Velocity E14 InsuranceCo1

Development
organization
and processes

Efficiency Velocity factor E11 ConsultCo

Development
organization
and processes

Efficiency Velocity in person days E16 InsuranceCo1

Development
organization
and processes

Efficiency Work in progress E2 BankCo

Development
organization
and processes

Continuous im-
provement Average velocity E1 CarCo1

Development
organization
and processes

Continuous im-
provement Defects in production E8 ConsultCo

Development
organization
and processes

Continuous im-
provement Delivery rate of QBR epics E18 BankCo

Development
organization
and processes

Continuous im-
provement

Number of new defects per
sprint E8 ConsultCo

Development
organization
and processes

Continuous im-
provement

Number of resolved defects per
sprint E8 ConsultCo

Development
organization
and processes

Continuous im-
provement Release burn-up E3 HealthCareCo

Development
organization
and processes

Continuous im-
provement Sprint burn-down E1 CarCo1

Development
organization
and processes

Continuous im-
provement Task-based sprint burn-down E1 CarCo1

Development
organization
and processes

Continuous im-
provement Total defects E8 ConsultCo

Development
organization
and processes

Continuous im-
provement

Total number of defects in last
months E8 ConsultCo

Development
organization
and processes

Continuous im-
provement Total number of defects per year E8 ConsultCo

Development
organization
and processes

Continuous im-
provement Velocity factor E6, E7, E8 ConsultCo

Development
organization
and processes

Velocity on intitia-
tive level Total defects E13 RetailCo1
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Goal category Goal Metric mapped name Expert Organization

Development
organization
and processes

Speed Demand cycle time E19 RetailCo2

Development
organization
and processes

Speed Feature lead time E1 CarCo1

Development
organization
and processes

Speed Lead time to internal tests E5 HealthCareCo

Development
organization
and processes

Speed Number of sprints required for
a repetitive job E2 BankCo

Development
organization
and processes

Speed Program utilization level E3 HealthCareCo

Development
organization
and processes

Speed Sprint burn-down E16 InsuranceCo2

Development
organization
and processes

Speed Team utilization level E3 HealthCareCo

Development
organization
and processes

Speed Time until integration E3 HealthCareCo

Development
organization
and processes

Speed Velocity E17 InsuranceCo1

Development
organization
and processes

Speed Velocity factor E7 ConsultCo

Development
organization
and processes

Speed Work in progress E2 BankCo

Development
organization
and processes

Speed Work item cycle time E2 BankCo

Development
organization
and processes

Adherence to dead-
lines Backlog fill-level E20 TransportationCo

Development
organization
and processes

Adherence to dead-
lines

Customer satisfaction regard-
ing collaboration with program
management

E14 InsuranceCo1

Development
organization
and processes

Adherence to dead-
lines

Customer satisfaction regarding
collaboration with steering roles E14 InsuranceCo1

Development
organization
and processes

Adherence to dead-
lines

Customer satisfaction regarding
communication events E14 InsuranceCo1

Development
organization
and processes

Adherence to dead-
lines

Customer satisfaction regarding
collaboration with steering roles E14 InsuranceCo1
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Goal category Goal Metric mapped name Expert Organization

Development
organization
and processes

Adherence to dead-
lines

Customer satisfaction regarding
the overall program E14 InsuranceCo1

Development
organization
and processes

Adherence to dead-
lines

Customer satisfaction with com-
munication with product owner
and teams

E14 InsuranceCo1

Development
organization
and processes

Adherence to dead-
lines Milestone burn-down E5 HealthCareCo

Development
organization
and processes

Adherence to dead-
lines PI burn-down E5 HealthCareCo

Development
organization
and processes

Adherence to dead-
lines Velocity factor E6 ConsultCo

Development
organization
and processes

Improved control-
ling Epic burn-down E12 CarCo2

Development
organization
and processes

Improved control-
ling

Planned vs. achieved key re-
sults E20 BankCo

Development
organization
and processes

Improved control-
ling

Planned vs. actual number of
capabilities E20 TransportationCo

Development
organization
and processes

Improved control-
ling

Planned vs. actual program ve-
locity E20 TransportationCo

Development
organization
and processes

Improved control-
ling Velocity factor E6 ConsultCo

Development
organization
and processes

Enterprise architec-
ture management

Proportion of application land-
scape running on cloud technol-
ogy

E2 BankCo

Development
organization
and processes

Enterprise architec-
ture management

Proportion of application land-
scape without full vendor sup-
port

E2 BankCo

Development
organization
and processes

Automation
Proportion of application land-
scape running on cloud technol-
ogy

E2 BankCo

Product Quality Average number of consecutive
operations without interrupts E3 HealthCareCo

Product Quality Average user story cycle time E17 InsuranceCo1

Product Quality Average user story cycle time on
program level E17 InsuranceCo1

Product Quality
Customer satisfaction regard-
ing collaboration with program
management

E14 InsuranceCo1

Product Quality Customer satisfaction regarding
collaboration with steering roles E14 InsuranceCo1
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Goal category Goal Metric mapped name Expert Organization

Product Quality Customer satisfaction regarding
communication events E14 InsuranceCo1

Product Quality Customer satisfaction regarding
the overall program E14 InsuranceCo1

Product Quality
Customer satisfaction with com-
munication with product owner
and teams

E14 InsuranceCo1

Product Quality Defect-feature ratio E1 CarCo1

Product Quality Defects in production E3, E8, E9,
E14

HealthCareCo, Con-
sultCo, InsuranceCo1

Product Quality Defects in production per team E14 InsuranceCo1

Product Quality Execution time of integration
pipeline E3 HealthCareCo

Product Quality Execution time of test pipeline E3 HealthCareCo

Product Quality Failure rate of automatic tests E3 HealthCareCo

Product Quality Feature usage E3 HealthCareCo

Product Quality Lead time of a software opera-
tion E3 HealthCareCo

Product Quality Number of defects in a deliv-
ered feature E1 CarCo1

Product Quality Number of fallbacks E13 RetailCo1

Product Quality Number of feature teams E1 CarCo1

Product Quality Number of maintenance issues E20 TransportationCo

Product Quality Number of new defects per
sprint E8 ConsultCo

Product Quality Number of open non functional
requirements E20 TransportationCo

Product Quality Number of optimization issues E20 TransportationCo

Product Quality Number of resolved defects per
sprint E8 ConsultCo

Product Quality Program utilization level E3 HealthCareCo

Product Quality
Proportion of application land-
scape running on cloud technol-
ogy

E2 BankCo

Product Quality
Proportion of application land-
scape without full vendor sup-
port

E2 BankCo

Product Quality Queue load E3 HealthCareCo

Product Quality Real defects E11 ConsultCo

Product Quality Release burn-up E3 HealthCareCo

Product Quality Remaining defects per sprint E11 ConsultCo

Product Quality Resolved defects in production
per team E14 InsuranceCo1

Product Quality Sprint burn-down E16 InsuranceCo2

Product Quality Technical debt E20 TransportationCo

Product Quality Test coverage E19 RetailCo2
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Goal category Goal Metric mapped name Expert Organization

Product Quality Test errors in a build on team
level E5 HealthCareCo

Product Quality Test errors in a build on the cre-
ation branch E5 HealthCareCo

Product Quality Test errors in an almost real sys-
tem E5 HealthCareCo

Product Quality Test errors in integrated soft-
ware E5 HealthCareCo

Product Quality Test gaps concerning the re-
quirements E5 HealthCareCo

Product Quality Throughput of the CI/CD
pipeline E3 HealthCareCo

Product Quality Total defects E4, E8, E10 ConsultCo,
HealthCareCo

Product Quality Total number of defects in last
months E8 ConsultCo

Product Quality Total number of defects per year E8 ConsultCo

Product Quality Unit test coverage E11 ConsultCo

Product Quality Velocity factor E8 ConsultCo

Product Time-to-market Blocked time of a feature E8 ConsultCo

Product Time-to-market Blocked time of a user story E8 ConsultCo

Product Time-to-market Blocked time of a user story E12 CarCo2

Product Time-to-market Demand lead time E19 RetailCo2

Product Time-to-market Feature lead time E1 CarCo1

Product Time-to-market Initiative lead time E13 RetailCo1

Product Time-to-market Number of blocked features E8 ConsultCo

Product Time-to-market Number of blocked user stories E8 ConsultCo

Product Time-to-market Product lead time E3 HealthCareCo

Product Time-to-market Time from decision to release to
actual release E3 HealthCareCo

Product Time-to-market Total defects E10 HealthCareCo

Product Delivery reliability Delivery rate of QBR epics E18 BankCo

Product Delivery reliability Planned program velocity per
sprint E11 ConsultCo

Product Delivery reliability Planned vs. actual number of
user stories per sprint E9 TelecommunicationCo

Product Delivery reliability
Planned vs. actual number of
user stories per sprint on pro-
gram level

E9 TelecommunicationCo

Product Delivery reliability Planned vs. actual program ef-
fort E15 InsuranceCo1

Product Delivery reliability Program velocity per sprint E11 ConsultCo

Product Delivery reliability Remaining work E16 InsuranceCo2

Product Delivery reliability Story points included into
sprint E16 InsuranceCo2
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Goal category Goal Metric mapped name Expert Organization

Product Delivery reliability Story points removed from
sprint E16 InsuranceCo2

Product Delivery reliability Velocity E11 ConsultCo

Product Delivery reliability Velocity factor E6 ConsultCo

Product Feedback Completed user stories of an
epic E12 CarCo2

Product Feedback Execution time of integration
pipeline E3 HealthCareCo

Product Feedback Execution time of test pipeline E3 HealthCareCo

Product Feedback Failure rate of automatic tests E3 HealthCareCo

Product Feedback Feature usage E1 CarCo1

Product Feedback Queue load E3 HealthCareCo

Product Feedback Throughput of the CI/CD
pipeline E3 HealthCareco

Product Contract fulfillment Defects in production E14 InsuranceCo1

Product Contract fulfillment Defects in production per team E14 InsuranceCo1

Product Contract fulfillment Planned program velocity per
sprint E7 ConsultCo

Product Contract fulfillment Queue load E14 InsuranceCo1

Product Contract fulfillment Time for fixing a defect in pro-
duction E15 InsuranceCo1

Product Contract fulfillment Time required to respond to a
defect in production E15 InsuranceCo1

Customer Satisfaction App store rating E2 BankCo

Customer Satisfaction Average number of consecutive
operations without interrupts E3 HealthCareco

Customer Satisfaction Average user story cycle time E17 InsuranceCo1

Customer Satisfaction Average user story cycle time on
program level E17 InsuranceCo1

Customer Satisfaction Cost per working hour of a fea-
ture E7 ConsultCo

Customer Satisfaction
Customer satisfaction regard-
ing collaboration with program
management

E14 InsuranceCo1

Customer Satisfaction Customer satisfaction regarding
collaboration with steering roles E14 InsuranceCo1

Customer Satisfaction Customer satisfaction regarding
communication events E14 InsuranceCo1

Customer Satisfaction Customer satisfaction regarding
the overall program E14 InsuranceCo1

Customer Satisfaction
Customer satisfaction with com-
munication with product owner
and teams

E2 BankCo

Customer Satisfaction Customer satisfaction with pro-
gram E6, E7 ConsultCo

Customer Satisfaction Defects in production E3, E8, E9,
E14, E15

HealthCareCo, Con-
sultCo, InsuranceCo1
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Goal category Goal Metric mapped name Expert Organization

Customer Satisfaction Defects in production per team E14 InsuranceCo1

Customer Satisfaction Delay of planned release E9 TelecommunicationCo

Customer Satisfaction Downtime E2 BankCo

Customer Satisfaction Duration of a software opera-
tion E3 HealthCareCo

Customer Satisfaction Effort distribution on projects E15 InsuranceCo1

Customer Satisfaction Feature usage E3 HealthCareCo

Customer Satisfaction Internal customer satisfaction
rating E2 BankCo

Customer Satisfaction Lead time of a software opera-
tion E3 HealthCareCo

Customer Satisfaction Number of interrupts E3 HealthCareCo

Customer Satisfaction Number of new defects per
sprint E8 ConsultCo

Customer Satisfaction Number of planned user stories
per PI E7 ConsultCo

Customer Satisfaction Number of planned user stories
per sprint on program level E7 ConsultCo

Customer Satisfaction Number of resolved defects per
sprint E8 ConsultCo

Customer Satisfaction Organizational customer satis-
faction E7, E8 ConsultCo

Customer Satisfaction Planned program velocity per
sprint E11 ConsultCo

Customer Satisfaction Planned vs. actual number of
capabilities E20 TransportationCo

Customer Satisfaction Planned vs. actual program ef-
fort E15 InsuranceCo1

Customer Satisfaction Product lead time E9 TelecommunicationCo

Customer Satisfaction Program velocity factor per
sprint E4, E7 ConsultCo

Customer Satisfaction Program velocity per sprint E4, E7 ConsultCo

Customer Satisfaction
Proportion of application land-
scape without full vendor sup-
port

E2 BankCo

Customer Satisfaction Release burn-down E9 TelecommunicationCo

Customer Satisfaction Release burn-up E9 TelecommunicationCo

Customer Satisfaction Remaining defects per sprint E11 ConsultCo

Customer Satisfaction Remaining work E11 ConsultCo

Customer Satisfaction Resolved defects in production
per team E14 InsuranceCo1

Customer Satisfaction Time for fixing a defect in pro-
duction E9, E15 TelecommunicationCo,

InsuranceCo1

Customer Satisfaction Time required to respond to a
defect in production E9 TelecommunicationCo

Customer Satisfaction Total defects E8 ConsultCo
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Goal category Goal Metric mapped name Expert Organization

Customer Satisfaction Total number of defects in last
months E8 ConsultCo

Customer Satisfaction Total number of defects per year E8 ConsultCo

Customer Satisfaction Velocity E4, E11,
E17

ConsultCo,
InsuranceCo1

Customer Satisfaction Velocity factor E4 ConsultCo

Customer Satisfaction Working hours of an employee E7 ConsultCo

Customer Centricity App store rating E2 BankCo

Customer Centricity Defects in production E3 HealthCareCo

Customer Centricity Feature usage E1, E3 BankCo,
HealthCareCo

Customer Centricity Internal customer satisfaction
rating E2 BankCo

Customer Centricity Lead time of a software opera-
tion E3 HealthCareCo

Customer Centricity Mobile operating system adop-
tion rate at customer E1 CarCo1

Customer Centricity Planned vs. actual program ef-
fort E15 InsuranceCo1

Customer Communication Average user story cycle time E17 InsuranceCo1

Customer Communication Average user story cycle time on
program level E17 InsuranceCo1

Customer Communication Run and change per PI in per-
son hours E15 InsuranceCo1

Customer Communication Run and change per sprint pro-
gram level E15 InsuranceCo1

Finance Profitability App store rating E2 BankCo

Finance Profitability Business value delivered per PI E14 InsuranceCo1

Finance Profitability Cost per working hour of a fea-
ture E7 ConsultCo

Finance Profitability Customer satisfaction with pro-
gram E6 ConsultCo

Finance Profitability Effort distribution E19 RetailCo2

Finance Profitability Effort distribution on projects E14 InsuranceCo1

Finance Profitability Effort per user story E19 RetailCo2

Finance Profitability Implementation effort E19 RetailCo2

Finance Profitability Internal customer satisfaction
rating E2 BankCo

Finance Profitability Program velocity factor per
sprint

E4, E7, E8,
E11 ConsultCo

Finance Profitability Program velocity per sprint E4 ConsultCo

Finance Profitability Velocity E4 ConsultCo

Finance Profitability Velocity factor E4, E6, E7,
E8 ConsultCo

Finance Profitability Working hours of an employee E7 ConsultCo

Finance Cost management Backlog fill-level E20 TransportationCo
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Finance Cost management
Customer satisfaction regard-
ing collaboration with program
management

E14 InsuranceCo1

Finance Cost management Customer satisfaction regarding
collaboration with steering roles E14 InsuranceCo1

Finance Cost management Customer satisfaction regarding
communication events E14 InsuranceCo1

Finance Cost management Customer satisfaction regarding
the overall program E14 InsuranceCo1

Finance Cost management
Customer satisfaction with com-
munication with product owner
and teams

E14 InsuranceCo1

Finance Cost management Defects in production E15 InsuranceCo1

Finance Cost management Downtime E2 BankCo

Finance Cost management Feature usage E1 CarCo1

Finance Cost management Mobile operating system adop-
tion rate at customer E1 CarCo1

Finance Cost management Monthly financial run rate E2 BankCo

Finance Cost management Number of sprints required for
a repetitive job E2 BankCo

Finance Cost management Program velocity factor per
sprint E11 ConsultCo

Finance Cost management
Proportion of application land-
scape running on cloud technol-
ogy

E2 BankCo

Finance Cost management Run and change per PI in per-
son hours E15 InsuranceCo1

Finance Cost management Run and change per sprint E15 InsuranceCo1

Finance Cost management Sprint burn-down E1 CarCo1

Finance Cost management User story costs vs. business
value E19 RetailCo2

Finance Cost management Yearly financial run rate E2 BankCo

Employee Feedback Epic burn-down E13 RetailCo2

Employee Feedback Initiative burn-down E13 RetailCo2

Employee Satisfaction Employee NPS E13 RetailCo2

Employee Satisfaction Employee satisfaction E14 InsuranceCo1

Employee Satisfaction Employee satisfaction in IT orga-
nization E17 InsuranceCo1

Employee Satisfaction Employee satisfaction in pool E17 InsuranceCo1

Employee Satisfaction Employee satisfaction on pro-
gram level E14, E17 InsuranceCo1

Employee Creativity Test gaps concerning the envi-
ronment E5 HealthCareCo

Employee Health Cost per working hour of a fea-
ture E7 ConsultCo

Employee Health Velocity factor E11 ConsultCo
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Employee Health Working hours of an employee E7 ConsultCo

Employee Motivation Employee satisfaction in IT orga-
nization E17 InsuranceCo1

Employee Motivation Employee satisfaction in pool E17 InsuranceCo1

Employee Motivation Employee satisfaction on pro-
gram level E17 InsuranceCo1

Employee Motivation Epic burn-down E13 InsuranceCo1

Employee Motivation Initiative burn-down E13 InsuranceCo1

Employee Motivation Task-based sprint burn-down E1 InsuranceCo1

Employee Motivation Velocity E4 InsuranceCo1

Employee Motivation Velocity factor E4 InsuranceCo1
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