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A B S T R A C T

Context. Test case specifications are a central element of a structured auto-
motive test process. They contain natural language test cases that are used to
perform manual tests in prototype vehicles (entire vehicle test) or as a basis
for implementing test scripts (system integration test).

Problem. Usually, these test case specifications are written by several test
designers and executed by different testers. The different actors involved,
who write and interpret test cases differently, and the fact that such test
cases are predominantly written in natural language, impairs the quality
of test case specifications. Thus, quality deficiencies, such as ambiguous,
incomplete, or inconsistent test cases, have a negative impact on the cost and
time required for testing and on the probability of detecting defects.

Goal. The aim of this thesis is to identify challenges that negatively influ-
ence the quality of test case specifications and to define and evaluate quality
assurance methods that counter them.

Method. This thesis is based on the methodological approach of Design
Science Research. First, challenges which have an influence on the quality
of test case specifications are systematically identified in an exploratory
case study and assessed by practitioners in a descriptive survey in terms
of frequency and criticality. Second, quality characteristics for automotive
test case specifications are determined based on the identified challenges,
related work on test case quality, and expert workshops to develop a qual-
ity model and review checklists to be used for analytical quality assur-
ance. Furthermore, a constructive quality assurance method called Test Case
Specification-Oriented Domain Analysis Method is developed, which focuses on
the derivation of system-specific templates for the specification of automotive
test cases. Third, the review checklists are evaluated by test designers as well
as testers and discussed in an expert workshop. In addition, the applicabil-
ity of the developed domain analysis method for deriving system-specific
templates is evaluated and a controlled experiment is conducted to com-
pare the conventional natural language approach with the template-based
approach for specifying test cases.

Results. This thesis presents a taxonomy of nine main categories of chal-
lenges concerning automotive test case specifications. To improve their qual-
ity, this thesis presents on the one hand a quality model, which forms the
basis for the developed perspective-based review checklists. On the other
hand, the developed Test Case Specification-Oriented Domain Analysis Method
supports the derivation of system-specific templates based on existing test
case specifications. Additionally, it is shown that the template-based ap-
proach leads to fewer defects in test case specifications. Finally, it is pre-
sented how the developed review checklists and a tool support for the
derivation and use of system-specific templates were integrated into an
existing automotive tool chain.

Conclusion. In summary, this thesis identifies challenges with test case
specifications in the automotive domain and presents two approaches to
improve the quality of automotive test case specifications.
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Z U S A M M E N FA S S U N G

Kontext. Testfallspezifikationen sind ein zentraler Bestandteil eines struktu-
rierten automobilen Testprozesses. Sie enthalten natürlichsprachliche Testfäl-
le, die zur Durchführung manueller Tests in Prototypfahrzeugen (Gesamt-
fahrzeugtest) oder als Grundlage für die Implementierung von Testskripten
(Systemintegrationstest) verwendet werden.

Problem. In der Regel werden diese Testfallspezifikationen von mehreren
Testdesignern geschrieben und von verschiedenen Testern ausgeführt. Die
verschiedenen beteiligten Akteure, die Testfälle unterschiedlich schreiben
und interpretieren, und die Tatsache, dass solche Testfälle überwiegend in
natürlicher Sprache geschrieben werden, beeinträchtigt die Qualität von
Testfallspezifikationen. Qualitätsmängel, wie beispielsweise mehrdeutige,
unvollständige oder inkonsistente Testfälle, wirken sich somit negativ auf die
Kosten und den Zeitaufwand für das Testen sowie auf die Wahrscheinlichkeit
Fehler zu entdecken aus.

Ziel. Ziel dieser Arbeit ist es, Herausforderungen zu identifizieren, die die
Qualität von Testfallspezifikationen negativ beeinflussen, und Qualitätssiche-
rungsmethoden zu definieren und zu evaluieren, die dem entgegenwirken.

Methode. Diese Arbeit basiert auf dem methodischen Ansatz Design
Science Research. Zunächst werden Herausforderungen, die einen Einfluss
auf die Qualität von Testfallspezifikationen haben, in einer explorativen
Fallstudie systematisch identifiziert und von Praktikern in einer deskripti-
ven Erhebung hinsichtlich Häufigkeit und Kritikalität bewertet. Zweitens
werden Qualitätsmerkmale für eine automobile Testfallspezifikation auf der
Grundlage der identifizierten Herausforderungen, verwandter Arbeiten zur
Testfallqualität und Expertenworkshops zur Entwicklung eines Qualitäts-
modells und von Review-Checklisten für die analytische Qualitätssicherung
bestimmt. Darüber hinaus wird eine konstruktive Qualitätssicherungsme-
thode namens Test Case Specification-Oriented Domain Analysis Method ent-
wickelt, welche die Ableitung von systemspezifischen Schablonen für die
Spezifikation von automobilen Testfällen fokussiert. Drittens werden die
Review-Checklisten sowohl von Testdesignern als auch von Testern bewertet
und in einem Expertenworkshop diskutiert. Zudem wird die Anwendbarkeit
der entwickelten Domänenanalysemethode zur Ableitung systemspezifischer
Schablonen evaluiert und ein kontrolliertes Experiment durchgeführt, um
den herkömmlichen natürlichsprachlichen Ansatz mit dem schablonenba-
sierten Ansatz zur Spezifikation von Testfällen zu vergleichen.

Ergebnisse. Diese Arbeit stellt eine Taxonomie von neun Hauptkategori-
en von Herausforderungen in Bezug auf automobile Testfallspezifikationen
vor. Um deren Qualität zu verbessern, wird in dieser Arbeit zum einen ein
Qualitätsmodell vorgestellt, das die Grundlage für die entwickelten perspek-
tivenbasierten Review-Checklisten darstellt. Zum anderen unterstützt die
entwickelte Test Case Specification-Oriented Domain Analysis Method die Ablei-
tung von systemspezifischen Schablonen basierend auf existierenden Testfall-
spezifikationen. Zusätzlich wird gezeigt, dass der schablonenbasierte Ansatz
zu weniger Fehlern in Testfallspezifikationen führt. Schließlich wird gezeigt,
wie die entwickelten Review-Checklisten und eine Werkzeugunterstützung

xi



für die Ableitung und Verwendung von systemspezifischen Schablonen in
eine bestehende automotive Werkzeugkette integriert wurde.

Fazit. Zusammenfassend identifiziert diese Arbeit Herausforderungen
mit Testfallspezifikationen im Automobilbereich und stellt zwei Ansätze zur
Verbesserung der Qualität von automobilen Testfallspezifikationen vor.
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1
I N T R O D U C T I O N

This chapter, especially the introductory part and Section 1.1, shares
material with the Springer Software Quality Journal open access
article “Challenges Concerning Test Case Specifications in Automo-
tive Software Testing: Assessment of Frequency and Criticality” by
Juhnke et al. [104], which is licensed under CC BY 4.01.

Innovations in vehicles are increasingly being developed through
new functions and technologies, which are implemented by means
of software and electronic systems. Novel but also established func-
tions must be tested sufficiently in order to avoid failures. Otherwise, Testing in the

Automotive Domainthis can lead to dissatisfied customers or even endanger their lives.
Therefore, a solid test process is one of the most important parts in
the development of electrical and electronic systems in the automotive
domain. Standards such as ISO 26262 [89] or Automotive SPICE [175]
define required activities and work products for testing as well as
test methods to be applied. An essential work product during the
development of a function or system is the test case specification2.

A test case specification contains a set of relevant test cases, de- Test Case
Specificationrived from a test basis, for a particular test object [94]. For example,

PRE-SAFE3 is a system (test object) that provides protection in an event
of danger, e.g., closing windows or raising the backrests of the driver
and front passenger seats. In order to validate system requirements for
this system using a vehicle prototype, a number of test cases would be
determined by a test designer. These test cases would contain detailed
descriptions of the driving maneuvers to be performed by a test driver
and the corresponding reaction description (e.g., activation of belt
tensioning or automatic closing function for side windows), which
were derived from the system requirement specification (test basis).
Typical test basis documents in requirements-based testing are system
or component requirement specifications, use cases, or scenarios.

The importance of a test case specification in the automotive test-
ing process, which actors have to deal with it, and why it is chal-
lenging to create high-quality test case specifications is explained
in more detail in Section 1.1 of this chapter. Subsequently, with re-
gard to improving the quality of automotive test case specifications,
Section 1.2 presents the research questions that guide this thesis. To

1 Creative Commons Attribution 4.0 International Public License (CC BY 4.0):
https://creativecommons.org/licenses/by/4.0/

2 In the ISO 26262 standard [89] the test case specification is also called a verification
specification. The term test case specification used in this thesis is based on the term
used in the software testing standard ISO 29119 [90].

3 Mercedes-Benz PRE-SAFE®: https://www.youtube.com/watch?v=vTmLYY-Z2rc
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https://www.youtube.com/watch?v=vTmLYY-Z2rc


2 introduction

answer these research questions, this thesis is based on the research
method Design Science Research (DSR), which aims to design and
evaluate solution artifacts. Therefore, the DSR process and its activ-
ities are presented in Section 1.3. The solution artifacts developed
during this process represent the contributions of this thesis, which
are described in more detail in Section 1.4. The chapter concludes with
the structure of this thesis in Section 1.5.

1.1 motivation

A high-quality test case specification is necessary in order to avoid
errors or misinterpretations. As shown in Figure 1.1, this is especially
important if the authors (producers) of a test case specification are not
the testers (consumers) who execute the specified test cases. This is
usually the case in the automotive domain, especially since a test case
specification contains test cases for different application areas or test
levels. For instance, test cases are used as the basis for implementingApplication Areas of

a Test Case
Specification

test scripts for Hardware-in-the-Loop (HiL) testing, for performing
manual tests using a vehicle prototype or as acceptance tests at the
end of production.

Test Designers (Producers)

creates/is responsible as basis for implementing test scripts

Testers (Consumers)

System Supervisor

External
Engineering 

Partner

commissions

Test Driver 
(internal or external)

Manual 
Test

HiL Tester 
(internal or external)

Test 
Script

Production 
Worker

Manual 
Test

Test Case
Specification

Reviewer Functional Safety
Assessor

Figure 1.1: Relationships between authors (producers) and various testers
(consumers) regarding the test case specification adapted from
Juhnke et al. [104], which is licensed under CC BY 4.0

Figure 1.1 shows the actors associated with the different application
areas and their relationship to the test case specification. Initially, there
are people who create a test case specification – the Test Designers. TheyTest Designer

can be internal employees (e.g., System Supervisor) or external employ-
ees (e.g., External Engineering Partner). Furthermore, ideally there is
an instance that reviews a test case specification before releasing itReviewer

(Reviewer). For safety-relevant systems [89], a test case specification is
also an object of consideration in a functional safety assessment, whichFunctional Safety

Assessor is performed by one or more Functional Safety Assessor(s). Finally, the

http://creativecommons.org/licenses/by/4.0


1.1 motivation 3

Testers receive a test case specification to implement or to execute the Testers

contained test cases and to report any failures that may occur. Testers
are for example HiL Testers, Test Drivers, or Production Workers, who
can also be internal or external employees.

A high-quality test case specification ensures that the testers un- Necessity of a
High-Quality
Test Case
Specification

derstand, implement, and execute the test cases exactly as the test
designer intended. This can be challenging, as all participants usually
have different knowledge or assumptions about the test object and
different experiences with test techniques and test processes.

A challenge is that the test cases considered in this thesis are mostly Natural Language
Test Casesspecified in natural language. In particular, this applies to acceptance

and costumer-experience test cases in the automotive domain that are
executed manually by a human tester in a vehicle prototype. Since
automated test execution is not required in this case, natural language
is easier to use for test designers and testers, so no test script lan-
guages are used. But also logical test cases that are used as a basis for
the implementation of automatically executable test scripts (concrete
test cases) are specified in natural language. This is due to the fact Actors Have

Different
Responsibilities

that test designers do not always have a comprehensive knowledge of
various test technologies (e.g., HiL testing), as this is usually not their
responsibility. Therefore, they are often not qualified to use typical
test script languages, which is why they describe test case procedures
in natural language. In turn, it is the task of dedicated testers who are
responsible for certain test technologies to develop test scripts based
on the specifications of the test designers. Moreover, the actors who Actors Have

Different Eductional
Backrounds

come into contact with a test case specification differ considerably,
for example in terms of their educational background and thus also
in terms of their prior knowledge of specific test script languages or
formal notations in general. Most of them are mechanical or electrical
engineers, only a few are computer scientists and some have a com-
pletely different educational background (e.g., career jumpers). Hence,
automotive test cases as used in the described context (see Figure 1.1)
tend to be documented in natural language.

As already known from natural language requirements [7, 31, 47, Problems With
Natural Language
Specifications

65], natural language test cases also have problems with ambiguity,
inconsistency, intelligibility, and completeness [77]. Accordingly, such
problems influence the quality of test case specifications, which in Consequences of a

Low-Quality Test
Case Specification

turn leads to additional effort for test designers and testers. In the
worst case, undetected defects in test case specifications can pose a
risk to the end consumer, for example, if a vehicle function has been
insufficiently tested and this leads to an accident.

In fact, practitioners from the automotive industry, with whom an Industrial Context of
this Thesisexchange took place in the context of this thesis, report that faulty

test cases exist and the quality of test case specifications is poor [104].
For instance, this is indicated by a high communication effort due to
testers’ questions about ambiguities in test case specifications or by
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incorrectly implemented test cases. A faulty test case specification (e.g.,
containing faulty test cases, not containing test cases for a specific test
platform, or having test cases assigned to the wrong test platform)
entails that testing takes too much time (e.g., until ambiguities have
been clarified), is too expensive (e.g., due to redundant test cases) and,
in some cases, testing has no effect and no defects are detected (e.g., if
test cases are implemented incorrectly or are missing).

In order to avoid these consequences and to improve the quality of
automotive test case specifications, it is important to examine these re-
ported perceptions. For this purpose, the participation of practitioners
is required. In this thesis, this is done in cooperation with the premiumDaimler as

Practice Partner car manufacturer Daimler and some of its engineering partners who
also work for other Original Equipment Manufactures (OEMs).

The aim of this thesis is to make a contribution towards improvingAim of this Thesis

the quality of automotive test case specifications exemplified by the
OEM Daimler and some of its engineering partners. An improved
quality of test case specifications should reduce defects in test case
specifications. In this way, communication between different actors
(cf. Figure 1.1) should be supported respectively the communication
effort that arises due to shortcomings should be reduced.

In order to understand what constitutes a high-quality automotiveIdentification of
Practice-Oriented

Challenges
Concerning the

Quality of Test Case
Specifications

test case specification for a practitioner, it is first of all necessary to
identify aspects that indicate a test case specification of poor quality
or that lead to poor quality. This requires a systematic investigation of
the challenges regarding automotive test case specifications, including
the perspective of the practitioners. The results of this investigation
form the basis for the development of approaches that contribute
to the creation of high-quality test case specifications and that are
appreciated by practitioners.

Specifically, this thesis considers two types of approaches to qualityAnalytical and
Constructive

Quality Assurance
assurance: analytical and constructive quality assurance. An analyt-
ical quality assurance method is necessary to assess the quality of
automotive test case specifications. For this purpose, a quality model
for automotive test case specifications is presented in this thesis and
review checklists for the execution of reviews are derived from it.
However, analytical quality assurance only comprises methods that
are applied at a time when defects have already been included in a test
case specification. Obviously, these must be identified. However, in
order to proactively prevent or at least reduce the emergence of defects
in test case specifications, a constructive quality assurance method is
necessary. Hence, in this thesis a template-based approach is devel-
oped for the system-specific documentation of automotive test cases.
This is intended to support test designers in the documentation of test
cases, reduce typical deficiencies in natural language test cases (e.g.,
ambiguities) and thus also reduce the communication effort between
test designers and testers.
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In principle, depending on the actors involved (cf. Figure 1.1), there Requirements on a
Method for the
Documentation of
Test Cases

are certain requirements for a method to be used for the documen-
tation of test cases and thus also for the developed template-based
method. It is important that a documentation method is easy to use
and easy to learn for actors with different qualifications to support
its actual application. This can be achieved, for example, by using
the previously used textual representation form as well as natural
language constructs and vocabulary typically used in the respective
domain. In the case of a graphical representation form, the user would
have to transfer known textual constructs into graphical ones. This
in turn could lead to defects being introduced into the documented
test cases as the tester might interpret a graphically documented test
case differently than the test designer intended. Furthermore, no pro-
gramming skills should be required, since not all test designers have
a background in this field. In addition, the realization of automotive-
specific and system-specific aspects, such as the basic structure of a
test case description or the use of specific technical terms for a specific
system, plays an important role for the success of a new approach for
documenting automotive test cases. Such system-specific aspects must
also be flexibly adaptable, for example if technical terms or signal
names change. Moreover, the focus of test case documentation, as con-
sidered in the context of this thesis, is not primarily on the automated
executability of test cases, since the test case specifications under con-
sideration are used in different application scenarios (cf. Figure 1.1),
which also intend to execute test cases manually.

In summary, this thesis addresses challenges that influence the Main Parts of this
Thesisquality of automotive test case specifications and describes the devel-

opment of two quality assurance methods. Therefore, this thesis is
divided into three main parts:

(1) identification of challenges concerning the quality of automotive
test case specifications including their assessment in terms of
frequency and criticality from the perspective of practitioners
(cf. Chapter 4),

(2) definition and evaluation of an analytical quality assurance
method including the definition of a quality model for auto-
motive test case specifications and its application through review
checklists (cf. Chapter 5), and

(3) definition and evaluation of a constructive quality assurance
method including a method for deriving system-specific tem-
plates for documenting test cases (cf. Chapter 6).

According to these three main parts of the thesis, specific research
questions are formulated in the following section.
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1.2 research questions

In this section, the research questions that will be answered in the
context of this thesis are presented.

In order to improve the quality of automotive test case specifications,Part 1: Challenges
Regarding

Automotive Test
Case Specifications

From a Practitioners’
Perspective

it must first be investigated which challenges that influence the quality
practitioners are aware of. This also includes an examination of the
causes and consequences of these challenges and how relevant they ac-
tually are for practitioners. Therefore, the involvement of practitioners
from the automotive domain is necessary. The processing of these as-
pects provides insights into what constitutes a qualitative automotive
test case specification from the perspective of practitioners. These in-
sights provide an important input for the definition of quality and the
development of possible approaches to improve the quality of test case
specifications. Accordingly, the following research questions arise:

RQ1: Which challenges that influence the quality of automotive
test case specifications are practitioners aware of?

RQ1.1: What are current challenges in practice concerning test
case specifications in automotive testing?

RQ1.2: Which causes and consequences of the challenges are the
practitioners aware of and which solutions exist?

RQ1.3: How do practitioners assess the frequency of occurrence
and the criticality of the identified challenges?

RQ1.4: How do the identified challenges differ between external
and internal employees?

In order to assess the quality of a test case specification, assess-Part 2: Analytical
Quality Assurance

Method
ment criteria are needed. Such quality criteria are typically grouped
in a quality model. It is necessary to clarify which quality criteria
have to be contained in a quality model especially for automotive
test case specifications. Furthermore, this quality model should be
accessible and useful for practitioners in the form of review checklists.
Accordingly, the following research questions arise:

RQ2: How can the quality of test case specifications be assessed?

RQ2.1: What quality criteria must a quality model for automotive
test case specifications contain?

RQ2.2: How can the quality model for test case specifications be
integrated into the inspection process?

RQ2.3: How do reviewers assess the review checklists in terms of
supporting the inspection of test case specifications?
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The research questions posed above are related to analytical quality
assurance. As mentioned in the previous section, quality can also be Part 3: Constructive

Quality Assurance
Method

improved constructively. The consideration of constructive quality
assurance is of interest, since this could already prevent the emergence
of defects in test case specifications. Hence, the following research
questions refer to a constructive quality assurance approach that fo-
cuses on the use of templates for the creation and documentation
of test case specifications. Practitioners had already mentioned tem-
plates as a potential improvement in initial discussions and the results
of the studies conducted regarding research question RQ1 confirm
this. Therefore, as a template-based approach, the following research
questions focus on the development of Domain Specific Languages
(DSLs) for test case documentation, which are referred to as Testing
DSLs in this thesis. Furthermore, the research questions refer to the Testing DSLs

investigation of the template-based approach regarding its effective-
ness in avoiding defects in test cases and its potential to be accepted
by practitioners.

RQ3: How can the development of system-specific Testing DSLs
be supported and how can they improve the quality of test
case specifications?

RQ3.1: What activities are required to extract domain specific
concepts from existing test case specifications?

RQ3.2: What influence does the use of system-specific Testing
DSLs have on the number of problems in test cases com-
pared to the natural language approach?

RQ3.3: What influence does the use of system-specific Testing
DSLs have on the evaluation of test cases by test designers
compared to the natural language approach?

By addressing the presented research questions, quality aspects of
automotive test case specifications are investigated regarding research
question RQ1. Based on this, two quality assurance methods are
examined in detail. Research question RQ2 refers to an analytical
quality assurance method based on a quality model and research
question RQ3 refers to a constructive quality assurance method based
on the use of templates for test case documentation.
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1.3 research methodology

The research presented in this thesis is based on the methodological
approach of Design Science Research (DSR). Hevner et al. [78] provide
the following definition for DSR:

Definition 1 Design Science Research is a research paradigm in which aDesign Science
Research designer answers questions relevant to human problems via the creation

of innovative artifacts, thereby contributing new knowledge to the body of
scientific evidence. The designed artifacts are both useful and fundamental in
understanding that problem.

Hence, DSR is a research method focusing on the design and evalu-
ation of new artifacts to solve real world problems under the premise
that the conducted research is a rigorous process, scientifically valid
and seeks pragmatic validity. Scientific validity is achieved by usingUse of Scientific

Research Methods research methods which are acknowledged by the academic commu-
nity to gain knowledge. Pragmatic validity means that a developed
solution actually works and the utility is ensured [37]. An artifact
is something (artificial) that is created by humans and contributes
to solving a domain problem [37, 158]. Artifacts are classified intoArtifact

Classification constructs, models, methods, and instantiations [37, 78, 140].
DSR was chosen as the appropriate research methodology because

the research presented in this thesis is realized in cooperation with
the automotive company Daimler and therefore has a strong relation
to practice and the industrial environment (i.e., to the real world). For
a company – in the context of this thesis the automotive company
Daimler – it is of particular interest to obtain artifacts at the end of
the research process that have a real benefit and represent an effective
solution for the identified real world problems.

There exist different process models for conducting DSR (for a com-
prehensive overview see Dresch et al. [37]). The research presented in
this thesis was conducted according to the process model described
by Peffers et al. [140]. They identified common elements from existing
research that form the basis for their developed DSR process model.
Figure 1.2 shows the DSR process model and its six activities accordingDSR Process Model

to Peffers et al. [140]. In addition, outputs are assigned to the individ-
ual activities. In the light blue boxes below the general description of
the outputs specific work results of this thesis are referenced.

The starting point for research was formed by subjective statements
from practitioners that the quality of test case specifications is poor.
Therefore, challenges concerning test case specifications were exam-
ined in more detail from a practitioner’s perspective in Activity 1
(identify problem and motivate) in order to gain a deeper understanding
of the quality problems, their context and causes. The result of this ac-
tivity is a taxonomy of challenges, which maps causes for inadequate
quality of test case specifications to different problem areas.
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Identify Problem & Motivate1

Define Objectives of a Solution2

Design & Development3

Demonstration4

Evaluation5

Communication6

Process Activities Outputs
Definition of the Problem

Taxonomy of Challenges

Objectives

Analytical & Constructive Quality Assurance

Artifact(s)

TestSpec Quality Model, Review Checklist & 
Review Guideline, Test Case Specification-Oriented

Domain Analysis Method

Evidence of the Applicability of the Artifact(s)

Review of Test Case Specifications, 
Development of Testing DSLs, Usability Study

Evaluated Artifact(s)

Expert Workshop, Surveys, 
Controlled Experiment

Publications

see publications of Juhnke et al. on page xiii

Figure 1.2: DSR process model with defined outputs for the research
described in this thesis according to Peffers et al. [140]

In Activity 2 (define objectives of a solution), objectives for solving the
problem were derived from the problem and the collected knowledge
from Activity 1. These objectives relate to analytical and constructive
quality assurance methods.

In the following Activity 3 (design & development) artifacts related to
analytical quality assurance methods (quality model, review checklist
& review guideline) and constructive quality assurance methods (Test
Case Specification-Oriented Domain Analysis Method) were designed
and developed.

In Activity 4 (demonstration), the developed artifacts were applied
to concrete instances of the problem (e.g., real test case specifica-
tions) to demonstrate their applicability, for instance by means of a
usability study.

Afterwards, it was necessary to evaluate in Activity 5 (evaluation)
how well the artifacts support the solution of the problem. For this
purpose expert workshops, surveys, and a controlled experiment were
conducted. In addition, Activity 5 focuses on comparing the developed
artifacts with the objectives for solving the problem as defined in
Activity 2. As a result, the artifacts were improved accordingly (return
to Activity 3).

Finally, in Activity 6 (communication), partial results of the research
were continuously published in academic publications (cf. Publications
on Page xiii) and presented to experts at Daimler. The entire research
results are presented in this thesis.
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1.4 contributions of the thesis

The aim of this thesis is to make a contribution towards improving
the quality of automotive test case specifications. This leads to the
following main contributions of this work:

Contribution 1 A taxonomy of challenges concerning the creation and
further processing of test case specifications.

First, existing challenges in practice regarding the creation and fur-
ther processing of test case specifications are studied. The aim is to
obtain a subjective assessment of the quality of test case specifications
by practitioners in order to determine whether test case specifications
actually exist with poor quality. Furthermore, it is about identifying
criteria by which practitioners recognize a high-quality test case speci-
fication. This results in a taxonomy of challenges that affect the quality
of test case specifications. The taxonomy complements related work
that addresses, for example, general challenges in the automotive test
process, but does not explicitly address test case specifications. In
addition, the individual challenges of the taxonomy are assessed in
terms of frequency and criticality. The results of this investigation
form the basis for the development of artifacts according to the DSR
process model (cf. Section 1.3), which contribute to improving the
quality of automotive test case specifications. The artifacts developed
in this context represent Contributions 2, 3, and 4 of this thesis, which
are explained in more detail in the following.

Contribution 2 A quality model for automotive test case specifications.

A further contribution of this work is the definition of a quality
model for automotive test case specifications, which contains quality
criteria to assess the quality of automotive test case specifications.
These quality criteria are derived in particular from the taxonomy
of challenges from Contribution 1, related work, the standard for
software testing ISO 29119 [90], and from criteria highlighted by prac-
titioners, which contribute to a high-quality test case specification in
their opinion. Additionally, the developed quality model is compared
with existing quality models, namely the ISO 25010 product quality
model [93] and the quality model from Zeiß [194]. The developed qual-
ity model is the basis for the derivation of analytical quality assurance
methods as described in the following Contribution 3 of this thesis.
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Contribution 3 A review guideline and review checklists as an analytical
quality assurance method to assess the quality of test case specifications.

Based on the developed quality model for automotive test case
specifications, an analytical quality assurance method is developed
in the form of a review guideline and review checklists. The review
guideline describes how to conduct a multidimensional review that
takes into account different perspectives on the quality of a test case
specification. In this way, for example, the views of test designers,
functional safety assessors, or testers are taken into account, who
have different demands on a qualitative test case specification. Each
perspective is assigned a checklist that contains a set of questions
relevant to that perspective. This supports the inspection of a test case
specification and takes into account the fact that different actors come
into contact with a test case specification (cf. Figure 1.1) who have
different views on a test case specification and therefore assess its
quality differently.

Contribution 4 A template-based approach as a constructive quality assur-
ance method to improve the quality of test case specifications.

Finally, this work contributes a constructive quality assurance meth-
od for test case specifications by presenting a template-based approach
for creating and documenting automotive test case descriptions. This
extends the already applied and accepted template idea for the pre- An example of

previously used
templates for
structuring test
cases can be found
in Figure 2.6 on
Page 26.

scribed elements of a test case (e.g., ID, test case name, precondition
and postcondition, test steps, etc.) at Daimler to the textual description
of the contained actions and expected results. With the developed
Test Case Specification-Oriented Domain Analysis Method, practitioners
are able to derive individual, system-specific templates for specifying
their test cases based on existing test case specifications. The templates
are flexibly adapted to individual needs (e.g., test platform, test ob-
ject, project-specific needs) and support the creation of a Controlled
Natural Language (CNL) for documenting test cases. Furthermore,
the comparison of the template-based approach with the conventional
natural language approach shows that templates offer advantages in
terms of reducing defects in test cases (e.g., incompleteness, structural
deficiencies, incorrect descriptions) and that practitioners are also con-
vinced of these advantages. Thus, practitioners feel more certain, have
more fun with this approach, and believe that it has the potential to
save time and improve the quality of test cases.
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1.5 structure of the thesis

In order to understand the relationship between the contributions
presented in Section 1.4 and the research activities from which they
emerged (cf. Section 1.3), Figure 1.3 shows the structure of this thesis.
The horizontal lanes represent the activities according to the DSR
process model (cf. Figure 1.2). The contributions also represent the
designed artifacts (cf. dark blue rectangles in Figure 1.3). In addition,
it is shown which parts are again input for further research steps
(dotted lines). The numbers (2.1 to 6.3) indicate in which sections the
respective aspects are addressed.
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Chapter 2 provides an overview of testing embedded systems in Chapter 2

the automotive context (cf. Section 2.1). For this purpose, the typical
terminology from this area is introduced and the phases of the test
process are shown. Furthermore, the general structure of test case
specifications in the automotive domain is described and its relevance
in this context is emphasized (cf. Section 2.2). These aspects describe
the context of this thesis and form the basis for conducting Activity 1

(problem identification and motivation) of the DSR process model. In
addition, Chapter 2 provides basic knowledge on the term quality
and quality assurance (cf. Section 2.3) since this thesis is about im-
proving the quality of test case specification. Moreover, an overview
of Domain Specific Languages (DSLs) is given (cf. Section 2.4), as the
artifacts developed later in this thesis and their design are based on
knowledge from this area.

Chapter 3 presents related work regarding the quality assurance of Chapter 3

test case specifications respectively test cases. This includes qual-
ity models for test case specifications (cf. Section 3.1) as well as
known quality characteristics of test cases and reviewing test cases
(cf. Section 3.2). Furthermore, the use of templates for test case speci-
fications are considered and references to template-based approaches
established in requirements engineering are made (cf. Section 3.3).

Chapter 4 presents Contribution 1 of this thesis. For this, the con- Chapter 4

textual knowledge presented in Section 2.1 and Section 2.2 is taken
as a starting point and supplemented by a literature review on ex-
isting challenges in the field of automotive testing (cf. Section 4.1).
Based on this, an exploratory case study is conducted (cf. Section 4.2),
which results in a taxonomy of challenges. In order to substantiate
the relevance of the identified challenges, a descriptive case study is
conducted (cf. Section 4.3), which focuses on the assessment of fre-
quency and criticality. This evaluation of the challenges confirms their
existence and completes Contribution 1. Based on Activity 2 (define
objectives of a solution) of the DSR process model and Contribution 1,
it is discussed for which quality problems artifacts can be designed
and developed to improve the quality of test case specifications (cf.
Section 4.4). As a result, analytical quality assurance and constructive
quality assurance methods are considered, which represent the two
vertical tracks in Figure 1.3.

Chapter 5 first presents the developed quality model for automotive Chapter 5

test case specifications (Contribution 2, cf. Section 5.1) as a basis for
analytical quality assurance. This model was mainly derived based
on the knowledge gained from Contribution 1. Then, based on the
quality model, review checklists are defined and a review guide-
line is presented (cf. Section 5.2), which explains the concept of a
multidimensional review taking into account different perspectives
on the quality of automotive test case specifications. Review guide-
line and review checklists constitute Contribution 3 of this thesis.
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According to Activity 4 (demonstration) and Activity 5 (evaluation) of
the DSR process model, the applicability of the developed artifacts is
then demonstrated and the review concept is evaluated based on a
satisfaction survey and an expert workshop (cf. Section 5.3).

In addition to the analytical quality assurance method, Chapter 6Chapter 6

describes a constructive quality assurance method based on the use of
templates for creating and documenting test cases (Contribution 4).
For the implementation of a template-based approach, system-specific
Testing DSLs are considered suitable. Therefore, the derivation of
system-specific templates is described (cf. Section 6.1) as an essential
part of the domain analysis within the DSL development process.
This includes the development of the Test Case Specification-Oriented
Domain Analysis Method within this thesis, which defines activities to
derive system-specific templates from existing test case specifications.
Furthermore, the automation of individual activities of the developed
domain analysis method is described (cf. Section 6.2). The derivation
of system-specific templates is demonstrated using various test case
specifications (cf. Section 6.3). In addition, a usability study shows that
practitioners are able to use such templates. Moreover, in a controlled
experiment, the specification of test cases using natural language
is compared with the template-based approach. Based on this, it is
shown that the template-based approach contributes to reduce the
number of defects in test cases and that practitioners believe that it
saves time and improves the quality of test cases.

Chapter 7 first introduces the tool chain existing in the scope of thisChapter 7

thesis. Then, the tools developed in the context of Chapters 5 and 6

are presented, which support the application of the multidimensional
review concept on the one hand and the development and use of
system-specific Testing DSLs on the other hand.

Chapter 8 summarizes this thesis (cf. Section 8.1) and gives sugges-Chapter 8

tions for future work (cf. Section 8.2).



2
F O U N D AT I O N S

This chapter provides an overview of testing embedded systems in
Section 2.1, which is necessary to understand this work. In particular,
the testing terminology used in this thesis is clarified. After that, the
relevance of test case specifications in the automotive domain as well
as its structure and special characteristics are discussed in Section 2.2.
With regard to the improvement of test case specifications, Section 2.3
describes the basics of quality assurance. In addition, Section 2.4
presents aspects of Domain Specific Languages (DSLs), as this thesis
addresses DSL engineering approaches.

2.1 embedded systems in the automotive domain

In this section, first the structure of an embedded system is described
and relevant technical terms related to the testing of embedded sys-
tems are defined. Subsequently, the automotive test process is ad-
dressed and it is shown from which activities in the test process the
test case specification results as an important work product. Further-
more, it is explained how the test case specification is involved in
different test levels of a V-model based development process.

2.1.1 Fundamentals of Embedded Systems

Electronics is today the key technology for the realization of many
innovations in a vehicle. Therefore, embedded systems have become
indispensable in the automotive domain. Broekman et al. [18] define
embedded systems as follows:

Definition 2 An Embedded System is a system that interacts with the real Embedded System

physical world using actors and sensors.

Figure 2.1 shows the generic scheme of an embedded system accord-
ing to Broekman et al. [18]. The interaction with the real environment
(Plant) takes place via a special Input/Output interface. Input signals
are received via sensors. These mostly analog signals have to be con-
verted into digital signals (A/D Conversion) before they are forwarded
to the Processing Unit. The embedded software is stored on a Non-
Volatile Memory (NVM). Output signals are converted into analog sig-
nals (D/A Conversion) and sent to actors that manipulate the environ-
ment. Communication with other embedded systems is also possible
via specific interfaces. In addition, the embedded system is powered by
a general power supply or its own power supply (e.g., batteries) [18].
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Plant Embedded System
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Figure 2.1: Generic scheme of an embedded system [18]

The electronics of a vehicle consists of several different embeddedSystem,
Sub-System,
Component

systems, also known as Electric Control Units (ECUs). Usually several
connected embedded systems realize a certain function. In the auto-
motive domain, a system can comprise an entire E/E architecture, a
distributed function or a single ECU [151]. It is common for systems to
be broken down into subsystems, which in turn can be broken down
into smaller subsystems, and so on. These systems are realized by
several connected components. A component (e.g., microcontroller, ap-
plication software) comprises one or more hardware parts (e.g., CPU)
or software units (e.g., stand-alone testable part of a software) [89].
Since this thesis considers testing on the OEM side, the focus is more
on testing systems, in terms of functions and several connected ECUs,
than on testing a single ECU, component, or hardware part.

2.1.2 Terminology for Testing Embedded Systems

Testing embedded systems is a complex task. The terminology of the
test activities commonly used in this context is explained hereafter.

The central component of testing is the test object, which refers toTest Object

the system, subsystem or a component to be tested [161]. The term
System Under Test (SUT) is often used instead of test object. Various
tests are used to test a test object, which can be classified, such as
according to test object type, test goal, or test method [161]. For a
better understanding of the used testing terminology, Table 2.1 shows
an overview of the technical terms relevant for this thesis including
some examples as they are used in the automotive domain. In the
following, these terms are described in more detail.
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Table 2.1: Overview of the used testing terminology in this thesis

Technical Terms Examples From the Automotive Domain

Test Object Type Model Unit, Software Unit, Model, Software, Component, System/Function

Test Goal Correct Functionality, Correct Functionality of Fault Detection & Safety
Mechanisms, Correct Reaction to Configuration Data, Correct Diagnosis
Functionality, Correct Implementation of Interfaces, Reliability & Robustness,
Efficiency & Performance, Usability

Test Method Requirement-based Test, Resource Usage Test, Performance Test, Test of
External/Internal Interfaces, Fault Injection Test, Error Guessing Test, Stress
Test, Long-term Test, User Test Under Real-Life Conditions [89]

Test Scope Country, Market, Variant, Special Configuration, Vehicle Family, Body Style,
Facelift, Change Year

Test Platform MiL, SiL, HiL, Vehicle

Test Level Model Unit Test, Software Unit Test, Model Integration Test, Software
Integration Test, Hardware/Software Integration Test, Component Test,
System Integration Test, Vehicle Integration Test, Entire Vehicle Test

test object type Similar to the decomposition of a system into
components and software units, as described in the ISO 26262 stan-
dard [89], a test object (e.g., a system) can also be decomposed into
one or more parts (e.g., components), which can also be treated as
test objects on their own. Accordingly, a test object can be classified Classification of Test

Objects Into Test
Object Types

by a certain test object type (cf. Table 2.1). Test objects that belong to
the same test object type have common characteristics, such as similar
applicable test platforms. This assignment is used in organizational
planning to distribute and perform tests of test objects according to de-
fined test levels. A test object is an instance of a test object type. In this
thesis only the test object types system and function are considered.

test goal Testing of embedded systems has different reasons or
purposes, which is also referred to as test goal or test objective [94].
In general, the test goal is to find defects. Moreover, test goals are
defined to ensure that the test object fulfills certain requirements [161].
In this respect, the ISO 26262 standard [89] defines five test goals in Test Goals Defined

by ISO 26262the context of functional safety of electrical and/or electronic systems
within road vehicles. These are suitable to provide evidence for the
(1) correct implementation of functional and technical safety requirements,
(2) correct functional performance, accuracy and timing of safety mechanisms,
(3) consistent and correct implementation of external and internal interfaces,
(4) effectiveness of a safety mechanism, and (5) level of robustness. OEMs
are responsible for ensuring that the test goals defined in ISO 26262

standard are achieved by applying appropriate test methods [89]. In
this respect, OEMs are free to add further test goals, as shown in
Table 2.1, or to refine individual test goals by defining sub-test goals.
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test methods Basically, test methods can be distinguished ac-Static Tests vs.
Dynamic Tests cording to whether the test object is executed or not. Static tests, also

named static analysis [161], are performed to detect faults1 or to iden-
tify non-compliance with guidelines and standards without executing
the test object. Typically, source code or document reviews and static
analysis are performed [94]. Dynamic tests detect failures of a test object
caused by defects. This requires the execution of the test object [94].
Test methods are further subdivided into white box testing, black box
testing, and experience-based testing techniques:

• White box testing focuses on the structure (e.g., component hierar-White Box Testing

chy, data flow, or control flow) of the test object and is therefore
also called structural testing [161].

• Black box testing considers the functional behavior of the test ob-Black Box Testing

ject without any knowledge of its inner structure in comparison
to the functional requirements [161]. In the automotive domain
this involves, for example, testing the correct functionality of
interface interactions, safety mechanisms, diagnostic functions,
or the correct reaction to configuration data. Furthermore, black
box testing is also used for testing non-functional requirements

Customer-Experience
Tests

such as reliability, robustness or usability. This also includes so-
called customer-experience tests, in which the vehicle behavior
is validated against customer expectations.

• Experience-based testing is a non-systematic method based on theExperience-Based
Testing knowledge and skills of testers, developers, users or stakehold-

ers [161]. For example, error guessing means that test cases are
determined based on known, typical or suspected errors.

In this thesis, the focus is on black-box testing with respect to
functional and non-functional requirements.

test scope The test scope specifies the application area of a test
case and contains information about certain conditions that the test
object has to fulfill, i.e., all inclusions, exclusions, assumptions and/or
limitations that have to be considered regarding the execution of the
test case [161]. Thus, the test scope can also influence the selection of
an appropriate test environment. Typical examples for the test scope
in the automotive domain are the definition of special configurations
or variants of the test object for which a test case is valid and therefore
has to be executed (see Table 2.1 for further examples).

1 In this thesis, a distinction is made between the terms failure, fault and error according
to the definitions provided by Spillner et al. [161]. Failures occur due to faults
(or defects) contained in software and describe the discrepancy between actual
result/behavior and expected result/behavior. Faults are introduced into software by
an error or mistake by a person (e.g., human error or environmental conditions).
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test platform The execution of tests on the test object takes place
on so-called test platforms. A test platform provides the environment Test Environment

in which a test is performed [18] and includes, for example, the
necessary hardware, simulators or software tools for recording output
signals. A suitable test platform has to be chosen depending on the
test object, the test goal and the test scope. A distinction between test
platforms is made according to the following test techniques:

• Model-in-the-Loop (MiL): The test object in MiL tests is a de- MiL: Software,
Hardware, and
Environment are
Simulated

veloped (software) model. The system, the hardware and the
environment are simulated [18]. Thus, MiL tests have a high de-
gree of abstraction from the real vehicle (e.g., no real hardware,
no real-time requirements for the execution of the simulation)
and are often used in early development phases.

• Software-in-the-Loop (SiL): The test object in SiL tests is a module SiL: Real Software,
but Hardware and
Environment are
Simulated

(e.g., the generated source code), which means that the real
software is tested in a simulated environment [18]. The hardware,
sensors and actors, are simulated or experimental hardware is
used. As with the MiL test, there are no real-time requirements
for the execution of the simulation. The platform used usually
corresponds to a computer. The advantage of SiL tests is that the
software can be evaluated even before the necessary hardware is
available. This enables early dynamic tests, such as component
tests with code coverage analysis [181].

• Hardware-in-the-Loop (HiL): The test object in HiL tests is the real HiL: Real Software
and Hardware, but
the Environment is
Simulated

hardware, which means that the software has been integrated
with the real hardware [18]. The environment is simulated so
that models for the vehicle, the driver, the road or the behavior of
other ECUs have to be simulated. Processes in the environment
are simulated in real time, allowing the real-time behavior of
the test object to be validated. In addition to testing the soft-
ware function, HiL tests are used to test control and regulation
functions, including signal processing in the basic software and
hardware of an ECU [152].

• Vehicle: If test cases are executed in a vehicle prototype, these Vehicle: Real
Software, Hardware,
and Environment

are tests of the real system in the real environment [18]. Despite
more extensive tests in early development phases and on the
platforms already mentioned, it is essential to test ECUs also
in the final product under real (environmental) conditions. The
main objective is to determine the maturity level of the final prod-
uct, to verify the integration of the ECUs into the vehicle and
to validate the vehicle behavior against customer expectations.
Therefore, in addition to testing basic functionalities, so-called
customer-experience functions in particular are considered and
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subjectively evaluated by human testers. Tests with vehicle pro-
totypes focus rather on the broad coverage of everyday scenarios,
whereby a broad test coverage is mostly not given. In this context,
the term “proving”2 is often used instead of testing [151].

In this thesis, the focus is on HiL tests and entire vehicle tests.

test level Test levels summarize test activities [18] in such a way
that a test level is usually assigned to certain test object types, test
scopes or suitable test platforms. Thus, they structure the test process
and force incremental testing. This means that only when a component
or subsystem meets previously defined quality criteria at a lower test
level it should be integrated into larger subsystems and tested at the
next higher test level. Test levels can be defined individually. Table 2.1
lists examples of test levels in the automotive domain.

In the context of testing embedded systems, Broekman et al. [18]Low-Level Tests vs.
High-Level Tests define tests that are primarily performed in earlier development stages

as low-level tests, such as unit tests and integration tests. Tests that are
more likely to be performed at the end of the development process
are high-level tests, such as system tests and acceptance tests. With
reference to Table 2.1, the entire vehicle test can be seen as a kind of
acceptance test and therefore as a high-level test.

With the terms introduced in this section, the testing terminology
relevant to this thesis is described, which also plays a role in the
automotive test process explained in the following.

2.1.3 Automotive Test Process

This section shares material with the Springer Software Quality
Journal open access article “Challenges Concerning Test Case Speci-
fications in Automotive Software Testing: Assessment of Frequency
and Criticality” by Juhnke et al. [104], used under CC BY 4.03.

Testing automotive embedded systems in general follows the fun-
damental test process [161], which consists of five phases: (1) testFundamental

Test Process planning, (2) test analysis & design, (3) test implementation & execution,
(4) evaluation & reporting, and (5) test closure activities. Overall, test
management includes activities for monitoring, administration and
adaptation of the test process and covers all test phases. The indi-
vidual test phases and their activities produce defined results andWork Products

documents, also referred to as work products [89]. Figure 2.2 illustrates
the test phases based on Spillner et al. [161] and shows the correspond-
ing test activities and work products in detail for the test planning and
test analysis & design phases.

2 The absence of defects cannot be proved by testing. This would require exhaustive
testing to find all defects, which is not feasible (cf. Testing Principle 1 in [161]).

3 Creative Commons Attribution 4.0 International Public License (CC BY 4.0):
https://creativecommons.org/licenses/by/4.0/

https://doi.org/10.1007/s11219-020-09523-0
https://doi.org/10.1007/s11219-020-09523-0
https://doi.org/10.1007/s11219-020-09523-0
http://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0/
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1 Test Planning

2 Test Analysis & Design
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Figure 2.2: Phases of the fundamental test process and activities of the test planning
and test analysis & design phases by Juhnke et al. [104] (CC BY 4.0)

The test case specification is the work product of the test analysis &
design phase. It results from the identification of testable requirements,
the derivation of test cases based on the application of suitable test case
derivation procedures and their distribution on test platforms. This
thesis focuses on the subsequent activities of test case documentation
and review of test case specifications.

Based on the V-model established in the automotive domain [71, V-Model

151, 181], as shown in Figure 2.3, a developed component or system
has to be tested on different test levels. At each test level, specific
test platforms are used for testing, such as HiL test platforms or a
vehicle prototype. For each test level there have to be specific test
cases focusing on different test objectives, such as functionality or
usability (cf. Automotive SPICE [175]). This is illustrated in Figure 2.3
by different test case specifications (Test Specs) per test level, e.g.,
system test case specification or integration test case specification.
This thesis focuses on test case specifications, which are necessary for
system validation and system integration testing (i.e., high-level tests).
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M Module Test Case 
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Figure 2.3: The V-model in the automotive domain with responsibilities of
OEM and supplier by Juhnke et al. [104] (CC BY 4.0)

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
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Furthermore, Figure 2.3 presents the typical responsibilities ofOEM vs. Supplier

OEMs and suppliers. Requirement-based testing [161] is common
practice in the cooperation between OEMs and suppliers. OEMs are
responsible for requirements specification and system design. Based
on this, the development of required components is usually carried
out by the supplier. This means that the supplier develops the source
code that runs on the ECUs and tests it using component or unit
tests. Finally, the OEM is responsible for final integration, system and
acceptance testing to ensure that the implemented software meets the
specified functional and safety requirements.

The following section describes in more detail the structure of test
case specifications containing such test cases whose execution is in the
responsibility of the OEM.

2.2 automotive test case specifications

The international standard ISO 29119 [90] for software testing defines
the term test specification as follows:

Definition 3 A Test Specification is the complete documentation of the testTest Specification

design, test cases and test procedures for a specific test item.

The focus of this work is the test case specification as a part of the test
specification. The ISO 29119 [90] defines this work product of the test
process as follows:

Definition 4 A Test Case Specification is the documentation of a set of oneTest Case
Specification or more test cases.

In this section, the relevance of test case specifications in the au-
tomotive domain is discussed, the general structure of a test case
specification and in particular of a test case is presented, and the
characteristics of automotive test cases are considered.

2.2.1 Relevance of Test Case Specifications

As already stated in Section 2.1.3, test case specifications are an im-
portant work product of the test process. There are several reasons for
their relevance in the automotive domain, which are as follows:

prescribed by standards OEMs have to comply with legalCompliance With
Norms and
Standards

requirements as well as standards and norms. Suppliers must also
ensure that they comply with them. Standards such as Automotive
SPICE [175] prescribe the existence of test case specifications for each
test level (cf. Figure 2.3) and also in the ISO 29119 standard for software
testing [90] they are a fundamental part of a structured test process.
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documentation Test case specifications document the set of test Documentation for
the Purpose of
Verifiability and
Reusability

cases required to adequately test a test object for a defined test level.
Usually, metadata is assigned to the contained test cases, which as-
sign test goals, model series, or test platforms to the test case. This
enables the test case specification to be used to determine whether the
corresponding conditions of the test plan are fulfilled. In addition to
requirements-based test cases, i.e., test cases that have been system-
atically derived from system or component requirements, test case
specifications also contain experience-based test cases. These test cases
do not necessarily result from the requirements, but from many years
of experience and knowledge gathered about a system or function.
Such test cases would otherwise be lost over time. Furthermore, test
case specifications and the logical test cases they contain are frequently
reused in the automotive domain, in contrast to implementations of
test cases (i.e., the concrete test cases) that are restricted to model
series or special hardware.

communication basis Generally, different groups of people Communication
Between Different
Stakeholders

are involved in testing a component or system (cf. Figure 1.1). Test
designers develop and document test cases and testers implement
and/or execute them. The test case specification thus provides a basis
for communication between these stakeholders in the test process.
Therefore, it is important that the documented test cases do not contain
ambiguities or inaccuracies in order to avoid interpretations by the
testers. If a test case specification does not meet certain criteria, this
results in increased communication effort and has a negative effect on
the progress of the test process.

contractual basis In Section 2.1.3, responsibilities of OEMs Commissioning of
the Creation of Test
Case Specifications

and suppliers have already been addressed (cf. Figure 2.3). Moreover,
it is also common practice in the automotive domain that an OEM
commissions an engineering partner A to create test case specifications,
for example for the test levels system integration test or entire vehicle
test (i.e., high-level tests), based on specified requirements (also known
as requirement-based testing [161]). These test cases can then be imple-
mented and executed by another engineering partner B. Therefore, test
case specifications are an important work product that is exchanged
between OEM and engineering partner or between different engineer-
ing partners. In this respect, they can even be part of a contract about
which test scopes are to be carried out within a contract.

All in all, in the context of system integration tests and system tests,
test case specifications form an important basis for the implementation
of test cases or the execution of manual tests in the automotive do-
main. Thus, they are prescribed by standards, serve as documentation,
communication, or are even part of a contract.
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2.2.2 General Structure of a Test Case Specification

Since this thesis contributes to the quality improvement of test case
specifications, it is necessary to provide some insight into the structure
of this work product. Besides the test cases, a test case specification
usually contains additional information that is necessary for under-
standing the content or provides organizational information. Part 3Templates for

Structuring Test
Case Specifications

of the ISO 29119 standard for software testing [90] contains templates
and examples for work products of the test process (test documenta-
tion), as well as for the test case specification. The left side of Figure 2.4
shows the proposed document structure for a test case specification
according to the ISO 29119 standard [90]. This general structure can
be adapted to domain or company specific needs. For instance, the
right side of Figure 2.4 shows an application of this structure in the
automotive domain as used by the OEM Daimler [30]. Explanations
of the individual chapters are given in the boxes to the right of the
structure. The dashed lines indicate which contents from the standard
are mapped to which chapters of an automotive test case specification.

1. Overview

2. Information

Test Case Specification Structure 
according to ISO 29119

1.2 Issuing organization

1. Document Specific Information

2. Introduction

2.2 References

2.3 Notation Convention(s)

2.4 Glossary

3. Test Coverage Items

4. Test Cases

2.1 Scope

1.3 Approval authority

1.1 Unique Identification

1.4 Change History

3. Reusable Conditions

4. Reusable Sequences

5. Test Cases

6. Archive

7. Templates

1.1 Responsibilities

1.2 Reviewers and Approvers

1.3 References

1.4 Scope

Adapted Test Case Specification Structure 
for the Automotive Domain 

Organizational and administrative information

Organization or person responsible for the 
creation of the test case specification (e.g. 
authors).

Person(s) responsible for reviewing and 
approving the document.

External and internal documents that are 
important for creating the test case specification

Scope covered by the test case specification, 
including all inclusions, exclusions, assumptions 
and/or limitations 
Any additional information for the tester 
(e.g. glossary or additional information about 
the test objects)

Reusable pre- and post-conditions

Reusable test case sequences

Archived test cases

Templates for test cases

Individual Subchapters

Set of test cases

Figure 2.4: General structure of a test case specification according to the
ISO 29119 standard [90] (on the left) and adapted to the automo-
tive domain used at Daimler [30] (on the right)

Figure 2.4 shows some chapters without corresponding ones in
the automotive test case specification. A unique identification and
information about the change history were not explicitly mapped to
chapters because this information is already captured using a version
control system for storing test case specifications. The concept of
test coverage items was not implemented in the automotive test case
specification, since there is already an assignment between test design
procedures and test coverage criteria in the test plan.
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Moreover, for organizational and tool-related reasons, further chap-
ters have been added to the general structure of an automotive test case
specification. There is an explicit chapter reserved for additional infor-
mation from the test designer to the testers (Chapter 2 in Figure 2.4).
Abbreviations or a glossary can be documented here, otherwise spe-
cial aspects of the test object can be pointed out. Since reuse also
plays a role within a test case specification, two further chapters
are included which document reusable pre- and post conditions or Reusable Conditions

& Reusable
Sequences

sequences (i.e., a defined set of test steps) of a test case (Chapters 3
and 4). If, for example, several test cases must fulfill the same precon-
ditions, then these conditions do not have to be described explicitly for
each test case (i.e., duplication of the preconditions for each test case),
but instead the affected test cases can link to the reusable condition.
This approach avoids duplicates and reduces change effort. In addi-
tion, there is a chapter in which test cases can be archived (Chapter 6).
Finally, templates can be created for a test case (Chapter 7), whereby
individual attributes of a test case (e.g., model series, test platform,
priority) are predefined. However, the core of each test case specifica-
tion are the test cases, whose structure is described in more detail in
the next section.

2.2.3 General Structure of a Test Case

This section shares material with the conference paper “Challenges
Concerning Test Case Specifications in Automotive Software
Testing” presented at SEAA’18. © 2018 IEEE. Reprinted, with
permission, from Juhnke et al. [103].

The ISO 29119 standard for software testing Part 3 [90] defines a test Test Case Elements
Defined by
ISO 29119 Standard

case consisting of the following elements: identifier (ID), objective, pre-
and postconditions for the execution of the test case, inputs/actions
to be performed on the test object, outcomes/expected results to be
checked, priority for the testing, and traceability data (e.g., references
to the associated requirements). Based on these elements, Figure 2.5
shows an example test case.

Test Case ID:  TC-001
Priority:           high Tracing: RQ-003, RQ-006

The login page is opened.
No data has been entered so far. 
Enter a valid username und password: <John Doe> and <admin1234>
Confirm the login button.
The login process is performed without any required interaction. 
A message about the ongoing login process is shown to the user.
After successful authentication, the start page is shown to the user.

Purpose: to test the login procedure

Expected Results:

Input:

Preconditions: 

Figure 2.5: Example of a test case based on the documentation form shown
in the ISO 29119 standard [90]

http://doi.org/10.1109/SEAA.2018.00015
http://doi.org/10.1109/SEAA.2018.00015
http://doi.org/10.1109/SEAA.2018.00015


26 foundations

Automotive test cases are defined by similar attributes. Figure 2.6 il-
lustrates an extract from an automotive test case for a wiper and wash
system as its documentation is prescribed by Daimler [30]. In this case,
to support the creation of test case specifications a company specific
table-based template is used. It implements the test case documenta-
tion demands defined by the ISO 29119 standard [90]. Templates areTest Case

Specification
Templates

used to specify a basic test case structure by predefining a set of manda-
tory and optional attributes. Such table-based templates are used, for
example, to specify test cases in MS Excel or IBM DOORS [83]. Tem-
plates can also be integrated as forms in graphical user interfaces, as
it is done in various test case tools (e.g., HP ALM Quality Center).

ID Object 
Type

Object 
Text

Precondition Action Expected Result Postcondition Priority Requirement Test Goal Release Workflow 
State

Vehicle 
Family

Test 
Platform

- ISw_Stat = IGN_OFF  Vehicle   
- FWS = OFF and RWS = OFF  HiL
- Front and Rear Wiper 
  in Parking Position
- WIPERCONTROL_ACTIVE = 0
- Gearbox Postion = P
- Rain sensor coded, no rain

- FWS = 0/3 - WIPERCONTROL_ACTIVE = 0
- RWS = 1 - Front and rear wipers must not 

  start wiping
- WIPERCONTROL_ACTIVE = 1
- Rear wiper must start wiping in 
  continuous wipe mode 1 as soon 
  as IGN_ACC has accepted
- WIPERCONTROL_ACTIVE = 0
- Wipers must stop as soon as 
  IGN_OFF has accepted (delay 
  max. 20 ms)

WWC
-TS-
126

test step    Step 3 - ISw_Stat = IGN_OFF

WWC
-TS-
125

test step    Step 2 - ISw_Stat = IGN_ACC

WWC
-TS-
124

test step    Step 1

2 WWC-REQ-567, 
WWC-REQ-765 

Functionality 2.0 Approved BRXYZWWC
-TS-
123

test case Switch 
on 
KL15R

- None

Test Case Basic Attributes Test Case Metadata

Figure 2.6: Example of an automotive test case for a system integration test
using a test case specification template [103] © 2018 IEEE

In the example of the company-specific and table-based test case
specification template in Figure 2.6 the test case attributes are repre-
sented by the columns and the rows are used to create different object
types (e.g., test case and test step). Not all attributes are relevant for
each object type, so some cells should not be filled (dark gray cells).
Furthermore, Figure 2.6 shows so-called test case basic attributes whichTest Case

Basic Attributes comprise the minimum prerequisite for the complete documentation
of a test case according to the ISO 29119 standard [90]. In addition to
these typical test case attributes, further specific attributes are required
in the automotive context. In the following, these are referred to as test
case metadata and include, for example, information on model series,Test Case

Metadata vehicle architectures, variants, release levels, or the target test platform
on which the test case is to be executed (cf. Figure 2.6).

characteristics of automotive test cases The test cases
considered in this thesis refer to system integration tests and accep-
tance tests, as the execution of these tests is the responsibility of the
OEM (cf. Figure 2.3). As typical representatives for system integration
tests, test cases are considered which provide the basis for implement-
ing test scripts for HiL tests. Acceptance tests are test cases that are
performed in the entire vehicle and are better known as customer-
experience tests in the automotive domain. Both types of test cases
have special characteristics, which are explained in the following.
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ID Object 
Type

Object Text Precondition Action Expected Result Postcondition Test 
Platform

- ISw_Stat = IGN_ON
- All windows closed
- Key inside

   Press and hold Press and hold driver's - Button pressed is detected and send on bus
   driver's MANUAL_OPN window switch   W_Adj_FL = 1 (MANUAL_OPN)
   MANUAL_OPN for each window W_Adj_FR = 1 (MANUAL_OPN)

W_Adj_RL = 1 (MANUAL_OPN)
W_Adj_RR = 1 (MANUAL_OPN)
- Key Inside is detected
KG_Key_Rs_ST3 = 1 (INSIDE)
- Windows start to open
W_FL_Pos_Stat = 5 (WINDOW_RUNNING)
W_FR_Pos_Stat = 5 (WINDOW_RUNNING)
W_RL_Pos_Stat = 5 (WINDOW_RUNNING)
W_RR_Pos_Stat = 5 (WINDOW_RUNNING)
- Button released is detected and send on bus
W_Adj_FL = 0 (NPSD)
W_Adj_FR = 0 (NPSD)
W_Adj_RL = 0 (NPSD)
W_Adj_RR = 0 (NPSD)
- All moving windows stop immediately
W_FL_Pos_Stat = 0 (INTERMEDIATE)
W_FR_Pos_Stat = 0 (INTERMEDIATE)
W_RL_Pos_Stat = 0 (INTERMEDIATE)
W_RR_Pos_Stat = 0 (INTERMEDIATE)

WL-TS-147 test step    Release switch Release the MANUAL_OPN 
window switch for each window

Cluster HiL

WL-TS-146 test step

WL-TS-145 test case Window manual 
opening

- None

Figure 2.7: Example of an automotive HiL test for the system window lifter

Both contain natural language formulations, but in different propor-
tions. The usage of natural language for describing test scenarios is not
uncommon in the automotive domain. For example, Hauptmann et
al. [77] report that with regard to the system test, many test executions
are performed manually using natural language tests. Furthermore,
Lachmann et al. [118] report on different ways of describing a test case
depending on the test author. Thus, test cases are described either in
complete sentences or short bullet points and abbreviations.

With regard to the test cases for HiL testing considered in this thesis, Example for
HiL Teststhese are mainly bullet point based test cases in which abbreviations,

signal names and values are frequently used. Figure 2.7 shows an
example of an automotive HiL test.

Power window / switch module driver side
Precondition: Ignition status ACC (C 15 R; IGN_ACC) is switched on. Side windows are closed. 

All vehicle doors are closed. Child lock is deactivated.
Required Aids: None.
Test Steps:

OK NOK NT

1 manual opening 
of window driver 
side

Window driver side is closed. Push the power window 
button on the driver side for the drivers window 
downwards to the first stop point and hold it for 
t > 3 seconds.

The window on the driver side will be opened, as 
long as the power window button remains pressed 
or until the lower stop point is reached.

2 manual closing of 
window driver side

Window driver side is opened. Pull the power window 
button on the driver side for the drivers window 
upwards to the first stop point and hold it for t > 3 
seconds.

The window on the driver side will be closed, as 
long as the power window button remains pulled, 
or until the upper stop point is (with soft closing) 
reached.

3 automatic 
opening of 
window driver side

Window driver side is closed. Push the power window 
button on the driver side for the drivers window 
downwards to the second stop point and release.

The window on the driver side will be opened 
completely, even after releasing the power window 
button.

4 automatic closing 
of window driver 
side

Window driver side is opened. Pull the power window 
button on the driver side for the drivers window 
upwards to the second stop point and release.

The side window on the driver side will be closed 
completely (with soft closing) even after releasing 
the power window button.

No . Test Step Actions Expected Results Test Result

Figure 2.8: Example of an automotive customer-experience test for the system
window lifter
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In contrast, customer-experience tests are mainly natural languageExample for
Customer-

Experience Tests
based test cases, which is due to the broad user base of these test
cases. Abbreviations could endanger comprehensibility. In addition,
the specification of signal names and their concrete values is less
relevant, since acceptance tests often have no interfaces to the signal
network. An example of an automotive customer-experience test is
shown in Figure 2.8.

At this point, the structure of an automotive test case specification
is explained and the characteristics of the test cases contained therein
are described. Since the improvement of their quality is the central
issue of this thesis, the following section provides an overview of the
fundamentals of quality assurance.

2.3 quality assurance

As introduced in the two previous sections, test case specifications
are an essential work product during the development of an em-
bedded system. In order to avoid defects in the later product (e.g.,
the vehicle), test case specifications must also meet certain quality
criteria. Therefore, this section presents the fundamentals of quality
assurance. The term quality is defined and the types of quality as-
surance methods are explained. Thereafter, quality models and their
development are discussed.

2.3.1 Quality and Quality Assurance

Quality assurance methods need to be established as part of quality
management in order to fulfill defined quality requirements for a
software product or a software development process. Especially in the
automotive domain, Automotive SPICE [175] prescribes that quality
assurance must be conducted for work products, including test case
specifications. Fundamental to this is the definition of the term quality.
The ISO 9000 standard [88] defines the term quality as follows:

Definition 5 Quality is defined as the “degree to which a set of inherentQuality

characteristics of an object fulfills requirements”.

There are several factors that influence the quality of work products.
According to the ISO 25010 standard [93], an improved process quality
as well as the quality of resources (e.g., human resources, used tools
and techniques) have a positive effect on the software product quality.
The term software product includes software or a set of computerWork Product vs.

Software Product programs as well as associated documents, data and intermediate
products used by developers [93]. Therefore, the following definition
of software product quality as defined in the ISO 25010 standard [93]
also seems appropriate in the context of test case specifications.
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Definition 6 Software (Product) Quality4 is defined as the “degree to which Software (Product)
Qualitya software product satisfies stated and implied needs when used under speci-

fied conditions”.

According to the ISO 25010 standard [93], a distinction is made Measures of
Software (Product)
Quality

between three types of quality evaluation: measurement of internal
properties, external properties, and quality in use properties. Internal
properties comprise static (internal) attributes of a software product
that satisfy specific needs, e.g., maintainability or portability. They
reflect the view of the software developer. In particular, internal mea-
surements can be used for the quality assessment of software work
products, such as test case specifications. In contrast, external properties
reflect the end-user’s view of a software product, whereby the behav-
ior of the software satisfies specific needs, e.g., usability or learnability.
Quality in use properties describe the degree to which a software prod-
uct can be used by users to meet their specific needs associated with
a particular context of use, e.g., effectiveness or efficiency. There is
a causal relationship between these quality terms, i.e., the internal
quality influences the external quality and this influences the quality
of use (cf. ISO 25010 [93]). These properties emphasize the multidimen-
sionality of quality, which is based on different roles, responsibilities
or quality expectations.

A similar distinction is given by Kitchenham et al. [110]. They de- Quality Perspectives

scribe five views of software quality: (1) transcendental view (properties
that delight users), (2) user view (properties regarding product behav-
ior and product usability; comparable with external and quality in use
properties), (3) manufacturing view (properties regarding the compli-
ance with process standards), (4) product view (inherent properties of a
product; comparable with internal properties), and (5) value-based view
(equating quality with what the customer is willing to pay for).

To ensure quality, quality assurance is essential, which is defined by
the ISO 9000 standard [88] as follows:

Definition 7 Quality Assurance is “part of quality management focused on Quality Assurance

providing confidence that quality requirements will be fulfilled”.

A distinction is made between constructive and analytical quality Constructive vs.
Analytical
Quality Assurance

assurance [161, 179]. Constructive quality assurance comprises preven-
tive methods that are taken to ensure that the resulting product meets
the defined quality requirements. Compliance with quality require-
ments is thus already taken into account during development, which
minimizes or prevents errors and mistakes [161]. Analytical quality
assurance comprises diagnostic methods that are taken to measure the
existing quality level of a product [161]. Thus, quality defects in the
product can be detected. Analytical quality assurance methods should
complement constructive quality methods.

4 In the SQuaRE series of standards, which includes the ISO 25010 standard, software
quality has the same meaning as software product quality [93].
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Figure 2.9 shows an overview of quality assurance methods and their
assignment to constructive and analytic quality assurance according
to Balzert [5] and Spillner et al. [161].

Quality Assurance

Constructive Analytical

Technical 
Techniques

Organizational 
Techniques

Methods

Templates

Languages

Guidelines

Standards

Checklists

Static Analysis Dynamic Testing

Informal 
Review

Walkthrough

Inspection

Audit

Black Box 
Testing

Experience-
based Testing

White Box 
Testing

Metrics

Tools

Figure 2.9: Classification of quality assurance methods based on Balzert [5]
and Spillner et al. [161]

The focus of this thesis is on the one hand on constructive quality as-Constructive and
Analytical Quality
Assurance in This

Thesis

surance, especially technical techniques (cf. Figure 2.9). It is addressed
how test designers can be supported in the creation of test case speci-
fications in such a way that quality deficiencies can be prevented.
Organizational techniques are not considered in this thesis due to time
aspects and the limited sphere of influence at the involved practice
partner. On the other hand, analytical quality assurance is addressed
in terms of (informal) reviews and inspections, respectively. Dynamic
testing techniques are not applicable because they require the test
object to be executed. The test object considered in this thesis is a test
case specification, which is a document and not executable software.

2.3.2 Quality Models and How to Develop Them

The analytical quality assurance method developed in this thesis
is based on a quality model for automotive test case specifications.
Therefore, the basics of quality models and their development are
introduced in the following.

Quality models are used to operationalize the general concept of
quality. Thus, quality models define a set of characteristics and re-
lationships between them which provide a framework for defining
quality requirements and evaluating quality. In accordance with theFundamental

Structure for
Quality Models

ISO 25010 standard [93], quality is described by characteristics, which
can be further subdivided into subcharacteristics. Each characteris-
tic or subcharacteristic is described by measurable quality-relevant
properties of a system. Each characteristic or subcharacteristic is mea-
surable by one or more quality properties. Figure 2.10 illustrates these
hierarchical relationships.
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Quality

Characteristic 1 Characteristic 3

Sub Characteristic 1 Sub Characteristic 2

Quality Property 1

Quality Property 1 Quality Property n

Quality Property nQuality Property 2

Sub Characteristic n

Quality Property 2

Quality Property 3

Characteristic 2 Characteristic n…..

…..

…..

…..

Figure 2.10: Fundamental structure used for quality models [93]

The best known quality models for software quality are those of Mc- Quality Models

Call [129], Boehm [15], Dromey [39], the FURPS model from HP [68],
or the ISO 9126 model [91], which has been replaced by that of the
ISO 25010 standard[93].

The ISO 25010 standard provides a set of quality characteristics for ISO 25010
Product Quality
Model

system or software product quality in a product quality model [93].
These eight characteristics are (1) functional suitability, (2) performance
efficiency, (3) compatibility, (4) usability, (5) reliability, (6) security, (7) main-
tainability, and (8) portability. Figure 2.11 shows these characteristics
and their related subcharacteristics of the ISO 25010 product quality
model. The model contains characteristics which refer to internal as
well as external quality (cf. Section 2.3.1) [93].

System/Software Product Quality

Functional 
Suitability

Performance 
Efficiency

Compatibility Usability Reliability Security

Functional 
Completeness

Functional 
Correctness

Functional
Appropriateness

Time-behavior 

Resource 
Utilization

Capacity

Confidentiality

Integrity

Non-repudiation

Accountability

Authenticity

Maintainability

Modularity

Reusability

Analyzability

Modifiability

Testability

Co-existence

Interoperability

Appropriateness 
recognisability

Learnability

Operability

User Error 
Protection

User Interface 
Aesthetics

Accessibility

Maturity

Availability

Fault Tolerance

Recoverability

Portability

Adaptability

Installability

Replaceability

Figure 2.11: Product quality model from ISO 25010 standard [93]

The ISO 25010 quality model is a standardized quality model. Stan- Adaptation of
Quality Modelsdardization does not guarantee that this quality model is in accordance

with individual project-, product-, or company-specific demands. For Systematic Approach
for Developing
Specific Quality
Models

this reason, it is advisable to adapt or extend quality models accord-
ing to specific demands. However, it is also possible to develop new
quality models. Basili et al. [9] offer a systematic procedure for this
called Goal Question Metric (GQM) approach. They revealed that for
effective measurement a specific goal has to be focused, measurement
has to be applied to products, processes or resources and an inter-
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pretation has to be based on characterization and understanding of
the organizational context, environment and goals [9]. Therefore, the
GQM approach enables the assessment of the quality of processes,
products or resources by describing the necessary steps for the devel-
opment of organization- or project-specific quality models. The result
of the GQM approach is a GQM model that is very similar to the
fundamental structure of a quality model as defined in the ISO 25010

standard (cf. Figure 2.10). Figure 2.12 shows the hierarchical structure
of a GQM model.

Goal 2Goal 1

Question Question Question Question Question

Metric Metric Metric Metric Metric Metric

Figure 2.12: Hierarchical structure of the GQM model [9]

The process for developing a GQM model comprises the followingSteps for Developing
a GQM Model steps [9]:

1. Identifying a set of quality and/or productivity goals

2. Deriving questions that define those goals as complete as possi-
ble

3. Specifying measures to be collected to answer these questions

4. Developing data collection mechanisms

The definition of the quality goals is supported via a template5Defining Quality
Goals Using the
GQM Template

by documenting for each goal the purpose of the measurement (e.g.,
improvement, evaluation), the object to be measured (e.g., processes,
products), the issue to be measured (e.g., correctness, usability) and
the viewpoint from which the measurement is performed (e.g., user,
developer, manager).

The application of the process steps for developing a GQM model is
discussed in detail in Section 5.1 (Page 131) by taking the example of
the developed quality model for automotive test case specifications. In
this context, the application of the template is also shown in Figure 5.1
(Page 134).

5 In a previous work by Basili [8] there exists another variant of the template for
the definition of goals. Instead of issue the term focus is used and additionally the
template contains the parameter environment, in which the context is specified, e.g.,
by describing process factors, people factors, problem factors, methods, tools, or
constraints. Basili [8] mentions that these templates represent the current state of
knowledge and may change over time. Therefore this thesis refers to a revised version
of the templates presented in [9].
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2.4 domain specific languages

Nowadays, Domain Specific Languages (DSLs) are widely used and Importance of DSLs
Regarding Software
Development

established in practice, which is shown by numerous examples of
DSLs such as SQL, HTML, CSS, UML, or LaTeX. DSLs are becom-
ing an increasingly important research focus in the field of Software
Engineering [33, 114]. Furthermore, they are an important compo-
nent of software development methodologies such as Model Driven
Engineering (MDE) or Domain Specific Modeling (DSM) [21, 69, 162].
For example, Whittle et al. [183] report that the majority of com-
panies that successfully use MDE follow domain-specific modeling
paradigms. For this purpose, companies usually use languages spe-
cially developed for their domain instead of universal languages. The
documentation of test cases can also be considered as a specific do-
main. Since this thesis introduces a template-based approach to test
case documentation based on specific DSLs, this section presents a
definition of DSLs, as well as their benefits. Furthermore, it explains
the development phases of a DSL.

2.4.1 Definition of Domain Specific Languages

The definition of the term DSL varies in the literature [33, 52, 63]. The
following definition of van Deursen et al. [33] is used in this thesis:

Definition 8 A Domain Specific Language (DSL) is a programming lan- Definition of the
Term DSLguage or executable specification language that offers, through appropriate

notations and abstractions, expressive power focused on, and usually re-
stricted to, a particular problem domain.

This means that although the scope of the language is limited, it is
sufficient to represent the problems of a specific domain. This is often
done according to the vocabulary of the domain experts. DSLs are
therefore very expressive and at the same time easy to learn for domain
experts [63]. Therefore, DSLs always focus on a specific domain aspect
and can be seen as specific tools that are well suited to solve a limited
number of problems. This distinguishes them from General Purpose
Languages (GPLs), which are used for a variety of problems.

Fowler [52] classifies DSLs into internal and external DSLs according Internal vs.
External DSLsto whether the DSLs are based on an existing host language or not.

Internal DSLs are embedded in existing GPLs, which is why they are
also referred to as embedded DSLs. They are represented in the syntax
of the underlying host language. External DSLs are standalone DSLs
that have been developed from scratch and are independent of existing
languages. They have their own syntax and semantics, which makes
them more flexible and expressive than internal DSLs.
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Furthermore, DSLs can be differentiated according to their represen-DSL Representation
Forms tation form into textual, graphical and projectional DSLs. The last one

represents a kind of hybrid form, whereby textual, symbolic, tabular
or graphic notations are supported equally [63, 178].

Völter [178] also distinguishes between DSLs depending on theTechnical vs.
Application DSL end user group. Thus, there are technical DSLs used by programmers,

and application domain DSLs used by non-programmers. According to
Völter [178], this significantly influences the design of a DSL.

2.4.2 Benefits of Using Domain Specific Languages

The advantages of DSLs are manifold. Fowler [52] emphasizes theDSLs Improve
Productivity and

Support
Communication

improvement of productivity and the support of communication with
domain experts. Productivity is primarily achieved by the fact that
DSLs are more expressive, concise and easier to understand than
GPLs [63]. If DSLs abstract from GPLs, they usually reduce the amount
of program source code while maintaining the same semantics [178].
Since DSLs represent domain knowledge and solutions are expressed
at the abstraction level of the problem domain, domain experts (some
of whom are non-programmers) are able to understand, evaluate,
modify or even develop DSL programs themselves [33]. In this way,
DSLs support communication between different groups (e.g., between
programmers and domain experts without programming knowledge).

Evidence for the benefits of DSLs is provided by empirical stud-Empirical Studies
Confirm Benefits of

DSLs
ies. For example, based on three empirical studies, Kosar et al. [115]
investigated the advantages of DSLs with regard to a higher accu-
racy and efficiency of the program understanding compared to GPLs.
Programs written using DSLs were understood correctly in 70.18%
of cases (GPLs only 53.00%). Participants accomplished their tasks
faster by using a DSL (difference of approx. 22 minutes on average)
and found the DSL approach easier to use. Häser et al. [76] also point
out that tasks can be handled faster by using a DSL and that the
participants felt more supported by the DSL approach.

Considering the communication aspect, DSLs do not always haveNon-Executable
DSLs to be executable [130]. Wile [186] emphasizes the importance of non-

executable DSLs by not necessarily understanding DSLs as a program-
ming language, but as “languages tailored to express something about the
solution to a problem”. Similarly, Ghosh [63] refers to the advantages of
a common vocabulary, which can contribute to a more concise and
effective discussion between different domain experts. Thus, a DSL
program can also be considered as specification, definition or descrip-
tion. Mernik et al. [130] illustrates this with an executability scale ofExecutability Scale

of DSLs DSLs: (1) DSLs with clearly defined execution semantics (e.g., HTML),
(2) DSLs that are executable, with a more declarative character and a
less well defined execution semantics, (3) DSLs that are not primarily
executable and have a purely declarative character (e.g., EBNF) and
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(4) non-executable DSLs (e.g., domain-specific data structure repre-
sentations). This underlines the wide range of applications of DSLs.

2.4.3 Development of Domain Specific Languages

The development of a DSLs can be divided into different phases.
Mernik et al. [130] describe the following five phases: (1) decision, DSL Development

Phases(2) analysis, (3) design, (4) implementation, and (5) deployment. With
respect to the life cycle of a DSL, Visser [176] supplements these
phases with a (6) maintenance phase. The purpose of each phase is
explained below:

(1) decision Developing a new DSL is accompanied by high in- Consideration of
Pros and Cons
Regarding the
Development of a
New DSL

vestments, such as implementation and maintenance. Existing DSLs
are often not suitable for tailoring to the respective domain, are inade-
quately documented and are therefore risky in terms of their effective
use [130]. For example, due to extended training periods or missing
constructs in the language that become evident in a late project phase.
Nevertheless, it should first be checked whether existing DSLs of-
fer a suitable solution. Therefore, in the decision phase, aspects are
examined which encourage the development of a new DSL.

(2) analysis The analysis phase is about identifying the problem Conducting a
Domain Analysisdomain and gathering domain knowledge by performing a domain

analysis [130]. Domain analysis is the process of identifying, collecting
and organizing information on a specific problem domain to derive do-
main knowledge and make it reusable for the creation of new systems.
Furthermore, necessary information for the design phase is provided.

(3) design The design phase defines the relationship to other
languages and the degree of formality of the design description.

(4) implementation The implementation phase involves devel- Implementation Is
Mostly Performed
Using Language
Workbenches

oping a program that is able to read, analyze, and process the text
written in a DSL. For executable DSLs this means interpreting the text
and generating code in another language. Today, tools are available for
the different representations of DSLs (textual, graphical, projectional)
that turn language-oriented programming into a practical approach
by generating editors, generators, and interpreters. These tools are
summarized under the term language workbenches [53].

(5) deployment In the deployment phase, a DSL is used by do-
main experts or programmers. This phase includes activities that facil-
itate the deployment of a DSL, such as trainings for domain experts.
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(6) maintenance In the life cycle of a DSL, adaptations or im-
provements of the DSL can be necessary [176]. Any tasks that are part
of this are carried out in the maintenance phase.

language workbenches The implementation of DSLs is nowa-
days supported by various language workbenches [41, 53], such as
JetBrains Meta Programming System (MPS) [99], Eclipse Xtext [169] or
MetaCase MetaEdit+ [133]. The tool support developed during this the-
sis for the template-based specification of test cases (cf. Section 7.2.2)
is technologically based on Xtext. Xtext [45, 169] is a framework forXtext Framework

the tool-supported development of textual DSLs based on the Eclipse
platform [168]. To develop a DSL using Xtext, it is sufficient to define
a grammar. The basic Xtext grammar for the design of a DSL is based
on the EBNF [87]. Xtext then generates a parser, a serializer and a
smart editor for the defined language.

2.5 concluding remarks on the foundations

In summary, the described foundations regarding embedded systems
and the automotive test process (cf. Section 2.1) and the structure of
test case specifications and test cases (cf. Section 2.2) are fundamental
for understanding the entire thesis. The foundations regarding quality
assurance by means of quality models described in Section 2.3 are rele-
vant for the consideration of existing quality models in Chapter 3 and
will be applied for the definition of a quality model for automotive
test case specifications in Chapter 5. In addition, the previous Sec-
tion 2.4 concludes the foundation chapter with the definition of DSLs,
explanations of their benefits and a description of the development
process of DSLs. The knowledge about DSLs is especially important
for understanding the concepts in Chapter 6.
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R E L AT E D W O R K

This chapter presents and discusses related work addressing the qual-
ity assurance of test case specifications and test cases. In Section 2.3,
quality models are described as an operationalization of quality and
as suitable for assessing quality. Accordingly, it is important to clarify
whether there are already existing quality models for test case specifi-
cations that could be used for quality assessment of automotive test
case specifications. Thus, Section 3.1 presents existing quality models
identified from literature. Furthermore, it is important to consider fac-
tors that contribute to a good quality of test case specifications. Since
test cases are an essential part of test case specifications, Section 3.2 ad-
dresses test case quality and also explains test smells as an indicator of
poor quality. Moreover, a reference is made to requirements smells, as
their mostly natural language documentation is comparable to natural
language test cases. This is followed by an introduction to analytical
quality assurance methods specifically for test cases. Regarding con-
structive quality assurance, an overview of existing test case templates
and Testing DSLs for supporting test case documentation is given
in Section 3.3. A reference to established template-based approaches
from requirements engineering is also considered.

3.1 quality models for test case specifications

Zeiß [194] presents a quality model especially for test specifications. In A Quality Model for
Test Specificationsthis context, a test specification refers to a test suite, i.e., a set of several

test cases with similar pre- and postconditions [161], and not to the
definition provided by the ISO 29119 standard [90] (cf. Definition 4 on
Page 22). The quality model is based on the ISO 9126 standard [91],
which has been revised by the ISO 25010 standard [93] (cf. Sec-
tion 2.3.2). While the product quality model of the ISO 9126 standard
focuses on the quality evaluation of software or systems, Zeiß [194]
argues that for test specifications the use of a specific quality model is
more convenient, since the vocabulary used differs and characteristics
are interpreted differently. Hence, Zeiß adapted his quality model
from the ISO 9126 standard. In addition, he considers instantiation of
the quality model as necessary, since it abstracts from a specific test An Instantiation of a

Quality Model for
TTCN-3 Test Case
Specifications

specification language and project-specific requirements. Thus, Zeiß
instantiated his quality model for test specifications written in the
TTCN-3, which is used as standardized language for the specification
and execution of large test suites [44, 67]. The instantiation includes the
definition of metrics for a selection of subcharacteristic of the quality
model, which are adapted to TTCN-3 based test specifications.

37
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Figure 3.1 shows the test specification quality model defined by
Zeiß [194] consisting of seven quality characteristics: test effectivity,
reliability, usability, efficiency, maintainability, portability, and reusability.
Furthermore, there is for every characteristic one subcharacteristic
called compliance, which summarizes company- or project-specific
conventions and standards that a test specification has to fulfill. A
description of concrete conventions is not given by the model.

Test Effectivity
(Functionality)

Reliability
(Reliability)

Usability
(Usability)

Efficiency
(Efficiency)

Maintainability
(Maintainability)
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(Portability)
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( – )

Test Specification 
Quality
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Test 
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( – )
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( – )

Maturity 
(Maturity)
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(Fault-
Tolerance)
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( – )
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(Resource 
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Comprehen-
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( – )
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Bold text: Quality characteristics and subcharacteristics ( Text in parentheses ): Corresponding characteristic in ISO/IEC 9126 -1
( – ): No corresponding characteristic in ISO/IEC 9126-1

Figure 3.1: Test specification quality model from Zeiß [194]

The quality model presented by Zeiß [194] is of an abstract natureWhy not use the
quality model from

Zeiß [194] for
automotive test case

specifications?

and significantly inspired by the ISO 9126 standard [91], with the
objective of applying it to various test specification technologies, such
as TTCN-3 or the UML Testing Profile (UTP). The instantiation of
the quality model is done for TTCN-3 based test specifications. These
kinds of test specifications differ from natural language based test
case specifications. For example, ambiguities in test cases documented
using TTCN-3 are avoided because they have a well-defined syntax
and semantics. TTCN-3 test cases are documented in a structured way,
for example by using data types and templates. Thus, the majority
of the developed metrics by Zeiß [194] refer to certain aspects of the
TTCN-3 language and are therefore not suitable for automotive test
case specifications considered in this thesis. For example, the metrics
template transmissibility, timeout inconsistency, or groupedness defined by
Zeiß [194] refer to TTCN-3 specific concepts. Also metrics classified as
test-specific by Zeiß have references to TTCN-3 test cases. Furthermore,
only a selection of quality characteristics are considered for instan-
tiation and only for these quality characteristics are metrics defined.
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Beyond the definition of the metrics, no interpretation of the values is
given by Zeiß [194], i.e., no threshold values or values to be aspired
are defined that indicate a good quality.

In addition, the quality model from Zeiß does not take into account
the entire document structure of a test case specification as specified
by the software testing standard ISO 29119 [90] (cf. Section 2.2.2,
Figure 2.4). This is because Zeiß understands a test specification as a
test suite consisting of a number of test cases. Therefore, the test cases
are in the focus. Furthermore, the quality model from Zeiß does not
take into account any automotive-specific aspects and therefore does
not exhibit any quality characteristics in this respect, e.g., with regard
to functional safety [89] or the relationship with the test plan.

Overall, Zeiß [194] discusses which quality characteristics of the Quality model of
Zeiß was developed
without the
involvement of
practitioners

ISO 9126 standard [91] are applicable to test specifications without
taking an inventory of real problems regarding the quality of such test
specifications. Thus, the quality model described is very abstract and
strongly based on the ISO 9126 standard. It offers the possibility to
adapt the quality model individually to project- or company-specific
features due to the subcharacteristic compliance, but it does not explic-
itly address automotive-specific aspects. Therefore, it offers no explicit
support for this domain. Hence, this quality model is unsuitable for
identifying existing problems in automotive test case specifications.

Another quality model for test code, i.e., test cases described by A Quality Model for
Test Codemeans of a test script language, is presented by Athanasiou et al. [3].

This model focuses on three quality characteristics for assessing test
code quality: completeness, effectiveness, and maintainability. As shown
in Figure 3.2, these quality characteristics result from the combination
and mapping of eight metrics, which are applicable to automated
test cases. The quality characteristic maintainability is subdivided
into further subcharacteristics. These correspond to the subcharacter-
istics for maintainability from the ISO 9126 standard [91]: analyzability,
changeability, and stability.
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Figure 3.2: Test code quality model of Athanasiou et al. [3]
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This test code quality model is similar to the quality model from
Zeiß [194], as it contains a subset of quality characteristics. Moreover,
it is also related to the revised ISO 9126 standard [91] and refers to
test cases which are described by a test script language and do not
contain natural language parts. This simplifies the application of vari-
ous computable metrics, such as code coverage (see Figure 3.2), which
are not applicable to natural language test cases. Likewise, there are
no automotive-specific quality characteristics, so that it is unsuitable
for the application to automotive test case specifications.

In conclusion, the identified quality models have no relation to
automotive aspects or natural language test cases. In particular, aspects
that pose common challenges with respect to natural language, such as
avoiding ambiguities or the comprehensibility of test case descriptions,
are not considered because the quality models focus on test cases that
can be automated. They are therefore not suitable for the automotive
test case specifications considered in this thesis. Thus, it is advisable toIf the quality of a

test case specification
is to be assessed, the
elements contained

in a test case
specification, i.e., the
test cases, must also

be assessed.

consider the quality of test cases as well, since they are a central part
of a test case specification, rather than only considering quality models
that apply to the entire test case specification. Aspects which influence
the quality of a test case or which can be used to assess quality may
be relevant for quality assurance of automotive test case specifications.
Hence, the following section addresses the quality assurance of test
cases by means of test case quality, test smells and test case reviews.

3.2 quality assurance of test cases

Various researchers [3, 61, 174] report that the quality of test cases
or especially test code is often low. Accordingly, there are different
approaches to describe qualitative test cases by characteristics in or-
der to assess quality. For this reason, Section 3.2.1 considers related
work dealing with the question: “What is a good test case?”. Then, in
Section 3.2.2, so-called test smells are presented, which are indicators of
quality deficiencies in test cases. Requirements smells are also discussed,
as they resemble the natural language based test cases considered in
this thesis. Finally, Section 3.2.3 introduces approaches for the review
of test cases to improve test case quality.

3.2.1 Test Case Quality

Kaner et al. [107] describe that test cases can be assessed as ratherQuality Depending
on the Underlying

Purpose
good or rather bad depending on the underlying purpose: “Test cases
can be ’good’ in a variety of ways. No test case will be good in all of them.”
In particular, Kaner et al. [107] refer to the information contained in a
test case. Thus, a test case can only be assessed as a qualitative test
case if it contains all the information required for its purpose.
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In the automotive context, for example, the purpose refers to the
respective test level. Thus, a test case may contain all the necessary
information for an entire vehicle test, but may not be suitable for the
system or component integration test because important information
on signals are missing. Moreover, for example, test case metadata
(cf. Section 2.2.3) specifying the scope of a test case may be missing.

Zander-Nowicka et al. [193] address test case quality in the context
of executable test cases generated based on a test model. They define Quality as a

Measure of
Completeness

test case quality as essential and as “a measure of the completeness of the
test”. An assessment of test case quality should be based on different
criteria and defined metrics for these criteria. In this respect, this corre-
sponds to the basic idea of using quality models for quality assessment.
Regarding the specification of test cases, Zander-Nowicka et al. [193]
define quality based on two quality criteria: (1) consistency as degree Quality Defined by

Quality Criteriaof uniformity, standardization, and consistency between requirements,
test design and test implementation and (2) correctness as degree to
which a test case is free of defects. In addition, they define two quality
metrics: test requirements coverage and validation function activation cover- Quality Defined by

Metricsage. The first relates to the number of testable requirements covered by
test cases. The second refers to the call of validation functions, which
are special functions within a test case used to assess the execution
status of a test case based on observations from the SUT.

Bowes et al. [16] report that although the concept of quality is
multidimensional, test case quality is often determined by measuring Multidimensionality

of Qualitytest effectiveness (e.g., coverage or the ability to find defects) or, in the
case of automatically generated tests, quality is taken for granted.
Furthermore, they argue that test cases serve also as documentation,
especially in the context of agile work practices, and therefore test
cases should be simple and meaningful to improve readability and
comprehension [16]. Based on the results of a workshop with industry Compliance With

Testing Principles as
Guarantor for High
Quality Unit Tests

partners, a comparison with literature, and teaching experience, Bowes
et al. [16] present a list of 15 testing principles that lead to high quality
unit tests. These principles are shown in Table 3.1.

Meszaros et al. [132] present in their Test Automation Manifesto Qualities of
Automated Test
Cases

for the first time a list of twelve test case qualities that should apply
to automated test cases. Based on this, Meszaros [131] defines more
concrete principles and goals for automated tests. Table 3.2 shows
these quality characteristics that an automated test case should fulfill.
Meszaros [131] especially considers the attempt to verify too much
functionality in one test case and the lower expressiveness of the used
test script languages compared to the domain concepts as main rea-
sons for the fact that test cases are often too long and complicated. The
characteristic Concise addresses such deficiencies. In his opinion, a per-
missible exception for long test cases are acceptance tests or customer
tests, since these verify real usage scenarios of the application and
thus typically represent longer test cases that verify several conditions.
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Table 3.1: Testing principles according to Bowes et al. [16]

Principle Description

P01 Simplicity For a simple test case, the probability of containing
faults should be lower. Simplicity can be defined by
the size of a test case or the number of conditions it
contains. It is a fundamental principle with impact on
other principles, such as maintainability.

P02 Readability &
Comprehension

The intention of a test case is clearly understandable
and the test is expressive (e.g., achievable by unique
test case names or naming conventions).

P03 Single
Responsibility

A test case should only test one behavior and a failure
should be traceable to one condition (e.g., achievable
by only one condition per test case).

P04 Avoid Over-
protectiveness

Redundant validations in a test case should be avoided
(e.g., achievable by questioning whether the intended
behavior is really tested).

P05 Test Behavior Avoid focusing on implementation details and concen-
trate on behavior.

P06 Maintainability Even in the case of changes, a test case should remain
easily adaptable (e.g., achievable by simple tests and
avoidance of test code duplications).

P07 A Test should
fail

A test case must contain conditions that allow it to fail
(e.g., achievable by avoidance of incomplete test cases
without test conditions).

P08 Reliability A test case should consistently provide the same results
(e.g., avoidance of sources of non-determinism).

P09 Happy vs. Sad
Tests

Test cases should not only test the regular system be-
havior but also error scenarios.

P10 Tests should not
dictate the code

No changes to the production code should be required
for testing purposes (e.g., separation of production and
test code).

P11 Fast Feedback A test case should be executable in reasonable time (e.g.,
achievable by avoidance of long test runs).

P12 4-Phase Test
Design

A test case should be constructed consisting of the
phases setup, execution, validation and tear-down.

P13 Simplicity of
Fixtures

The test case setup should be simple and duplicates
should be avoided (e.g., achievable by outsourcing of
duplicated setup activities).

P14 Test
(In)dependency

Test cases should be executable in any order (e.g.,
achievable if a test case does not call another one).

P15 Use of Test
Doubles

A test case uses test doubles to mock external depen-
dencies for the execution of the test.

Similar to Bowes et al. [16], the qualities defined by Meszaros et
al. [132] mainly refer to automated unit test (test code). Neverthe-
less, the qualities and also the principles (see Tables 3.1 and 3.2) areApplicability of

Principles and
Qualities to Natural
Language Test Cases

formulated in a generic way, i.e., they do not refer to tool- or language-
specific features. Hence, they are also applicable to natural language
test cases and therefore they have to be considered for quality assur-
ance of automotive test case specifications (cf. Chapter 5.1).
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Table 3.2: Test case qualities according to Meszaros et al. [132]

Qualities Description

Q01 Concise A test case should be simple, which means that it is small.
Only one condition per test should be checked and only nec-
essary information should be included. This promotes easy
reading and comprehension of the test case (concretized
in goal Simple Test and principle Verify One Condition per
Test [131]).

Q02 Self Checking A test case should be able to independently detect and
report any failure without the need for manual inspection
(concretized in goal Self-Checking Test [131]).

Q03 Repeatable A test case should be able to be executed multiple times
without the need for manual intervention and with the
same result (concretized in goal Repeatable Test [131]).

Q04 Robust A test case should be robust so that changes to the SUT or
test environment do not affect the test. Therefore, overlaps
between tests should be minimized, the SUT should be iso-
lated from the test environment, and only one condition per
test should be checked (concretized in goal Repeatable Test
and principles Isolate the SUT, Minimize Test Overlap [131]).

Q05 Sufficient The sum of all test cases verifies all the requirements that
the SUT should meet (no concretization in [131]).

Q06 Necessary All information in the test contributes to the specification
of the desired behavior (concretized in principle Keep Test
Logic out of Production [131]).

Q07 Clear A test case and its steps should be easy to understand. Do-
main specific test languages or libraries can be helpful to
understand the content of the test faster. The explicit docu-
mentation of the purpose of the test helps testers to better
understand the test case (concretized in goal Expressive Test
and principle Communicate Intent [131]).

Q08 Efficient The test case should be executed within a reasonable period
of time. To ensure this, manual interventions during test
execution should be reduced and test cases should be fully
automated (concretized in goal Fully Automated Tests [131]).

Q09 Specific A test case enables to trace a detected failure back to
an affected functionality of the SUT. This is achieved
when a test case focuses on a specific concern and
does not test multiple functionalities (concretized in goal
Separation of Concerns [131]).

Q10 Independent A test case should be executable independently of other
test cases (and their order), so that failures that occur can
be uniquely assigned to a particular test case (concretized
in principle Keep Tests Independent [131]).

Q11 Maintainable A test case should be easily modifiable and extensible.
The above mentioned characteristics Concise, Clear and
Independent have a positive effect on maintainability (con-
cretized in goals Simple Test, Separation of Concerns and prin-
ciple Verify One Condition per Test [131]).

Q12 Traceable A test case should enable traceability to the code and the
requirements (no concretization in [131]).
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In addition to the related work from Bowes et al. [16] and Meszaros
et al. [132], there is a publication by Tran et al. [172], which explicitly
addresses test case quality attributes for natural language test cases.Test Case Quality

Attributes for
Natural Language

Test Cases

Based on an exploratory study, six participants with testing back-
ground from a Swedish telecommunications company were inter-
viewed about how they perceive test case quality and how they rank
quality attributes. Furthermore, Tran et al. [172] analyzed a total of
seven test cases that originated from the interviewees. The result
is a list of eleven quality attributes for natural language test cases,
which are derived exclusively from the statements of the test experts
interviewed. Overall, these eleven quality attributes do not take up
any new aspects in comparison with the testing principles and test
case qualities presented in Tables 3.1 and 3.2. This is illustrated by
Table 3.3, which shows the test case quality attributes identified by
Tran et al. [172] with their description and indicates correlations to the
characteristics already presented.

Table 3.3: Test case quality attributes of Tran et al. [172] and their similarities
to testing principles of Bowes et al. [16] (cf. Table 3.1) and test case
qualities of Meszaros et al. [132] (cf. Table 3.2)

Test Case Quality
Attribute

Description Similar to ... *

Understandability The information of a test case (name, objec-
tive, precondition, steps, terms) should be
easy to understand by both testers, and de-
velopers.

P02, Q07

Simplicity A test case should not combine different test
cases together nor contain so many steps.

P01, P03, Q01,
Q09

Step Cohesion Steps in a test case should be well connected.
The test case should not contain redundant
steps or miss necessary steps.

P04, P06, P12,
Q06

Completeness A test case should contain all relevant infor-
mation for its execution.

P12, Q06

Homogeneity Test-case design should follow the same
rules.

P06, P12, Q07

Issue-identifying
Capability

A test case should help to identify issues,
weakness of features/functions.

P07, Q02

Repeatability A test case returns the same results every
time it is executed.

P08, Q03

Traceability There should be traces between a test case
and other related artifacts such as issues, ISO
quality attributes, functionality.

P03, Q09, Q12

Effectiveness A test case covers the expected requirements. Q05

Efficiency A test case should be easy to run so that it
does not waste time.

P11, Q08

Flexibility A test case should have flexibility in how to
execute it.

P06, P10, P14,
Q04, Q10, Q11

* Testing principles or test case qualities, which are most similar, are underlined.
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As Table 3.3 shows, the test case quality attributes defined by Tran et
al. [172] represent an individual compilation of the already presented
testing principles and test case qualities. A novelty is the assessment
by practitioners that understandability is the most important quality Ranking of Test Case

Quality Attributesattribute, which according to Tran et al. [172] is due to the natural
language in test cases. Furthermore, they emphasize that the under-
standing of test case quality varies depending on the respective respon-
sibility of the practitioners. For example, testers who execute test cases
particularly pay attention to the availability of relevant information for
test case execution, while those responsible for test case maintenance
pay attention to the structure of test cases. In comparison, Adlemo
et al. [1] also present a selection of 15 good test case criteria based on Good Test Case

Criteriaprevious work that have been rated by practitioners. Repeatability,
as well as accurate and correct test cases are rated most relevant by
software experts. However, there is no reference to natural language
test cases and the ranking is based on the evaluation of 13 respondents,
who are mainly software architects instead of test designers or testers.

The work of Tran et al. [172] and Adlemo et al. [1] represents an
important contribution to raising awareness of test case quality among
practitioners. However, due to the small number of study participants
(only six [172] and 13 [1]) and the lack of reference to the automotive
domain, it may not be possible to draw a direct conclusion on the
validity of the results on automotive test case specifications.

Another important contribution regarding test case quality is given
by Pfaller et al. [143]. They define test case quality as the “appropri-
ateness of test cases to check the quality of a system” and underline the
importance of analyzing the quality of test cases [143]. Therefore, they
propose a multidimensional measurement of test case quality but Multidimensionality

of Qualitydo not provide concrete quality characteristics for test cases. Before
assessing test quality, their approach is based on specifying exactly
for which object a quality statement is to be made. They distinguish Objects for Quality

Assessmentbetween a single test case, a set of test cases, or a method used to
generate test cases. In the context of this thesis, the object about which
a quality statement should be made is the test case specification and
the test cases it contains. Since these natural language test cases are
currently created manually by a test designer and are not generated,
it is not about assessing a method for test case generation.

Pfaller et al. [143] describe different dimensions of test case quality, Dimensions of Test
Case Qualitywhich refer to the quality of a test case in relation to different docu-

ments, such as requirement documents or project-specific guidelines.
Furthermore, a distinction is made between relative (comparative)
and absolute measurements, i.e., whether a measured value is to be
interpreted in relation to other measured values. Regarding quality
assessment of automotive test case specifications, it is necessary to
clarify which dimensions and measurements have to be considered,
which is addressed in Chapter 5.
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In summary, the presented literature [1, 16, 107, 132, 143, 172, 193]
gives a broad insight to what quality means for test cases. In particular,
Tables 3.1 and 3.2 provide a comprehensive overview of known quality
characteristics for test cases and best practices relevant to quality
assessment. Even later publications, such as Tran et al. [172], describe
similar aspects of test case quality (cf. Table 3.3), which is why the
work of Meszaros et al. [132] and Bowes et al. [16] can be regarded
as fundamental. In addition, Pfaller et al. [143] and Bowes et al. [16]
emphasize the multidimensionality of quality and Tran et al. [172]
highlight that the understanding of test case quality depends on the
respective responsibility for test cases. Overall, it appears that the
importance of assessing the quality of test cases is increasing. This
is also confirmed by Garousi et al. [61], who emphasize test code as
software engineering artifact that also requires quality assessment and
maintenance. This view has already been implemented in standards
such as Automotive SPICE [175] or CMMI [24], which also require
quality assurance for the work product test case specification. However,
there is no standardized procedure that provides guidelines for the
quality assurance of this work product.

3.2.2 Test Smells vs. Requirement Smells

A well-known means for quality assurance of test code is the detection
of so-called test smells [61]. A test smell is a symptom in test code thatThe term

test smell was
first introduces

by van Deursen
et al. [34].

indicates an underlying problem. The concept of test smells is inspired
by code smells described by Fowler [54]. Initially, van Deursen et al. [34]
applied code smells to xUnit-based testing. They defined eleven bad
code smells that indicate problems in test code. Furthermore, they
described test-specific refactorings for improving the quality of testRefactoring

code by removing test smells. Refactoring describes the modification
of a test case without changing its test purpose or the conditions to
be verified. This should increase readability, comprehensibility and re-
duce redundancies in test cases. Van Deursen et al. [34] emphasize that
refactoring test code differs from refactoring production code, because
different smells and refactorings exist especially for test cases.

An example of a test smell is the so-called Eager Test. AffectedExample Test Smell:
Eager Test test cases usually test several functions of a SUT and verify several

conditions. This makes such test cases difficult to read and under-
stand, rather unsuitable as documentation for the software behavior,
and more difficult to maintain. Compared to Meszaros et al. [132]
(cf. Table 3.2), Eager Tests do not satisfy the quality Concise (Q1). A
typical refactoring for Eager Tests would be to divide the test case into
several test methods, each testing only one function and assigning
them a meaningful name that clarifies the purpose of the test. Further
test smells identified by van Deursen et al. [34] are shown in Figure 3.3
together with recommended refactorings.
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#1 Mystery Guest

Test case uses external resources and is no 
longer independent

Inline Resource, Setup External Resource

#2 Resource Optimism

Test case is optimistic regarding existence 
and state of external resources, which can 

lead to non-deterministic behavior

Setup External Resource

#3 Test Run War

Test cases only run well if they run alone 
(resource inference)

Make Resource Unique

#4 General Fixture

Too general setup for test cases is difficult 
to read and can slow down execution time

Extract Method, Inline Method, Extract Class

#5 Eager Test

Several functions of a SUT are tested in 
one test case, which impairs readability and 

comprehensibility. 

Extract Method

#6 Lazy Test

A test case is tested with different values, 
which may only be relevant if several test 

cases are considered together.

Inline Method

#7 Assertion Roulette

No explanation is assigned to a condition to 
be tested, making it difficult to determine 

the reason for a test failure.

Add Assertion Explanation

#8 Indirect Testing

A test performs (additional) tests on a 
different SUT than the one to be tested.

Extract Method, Move Method

#9 For Testers Only

The production code contains code that is 
only needed for testing.

Extract Subclass

#10 Sensitive Equality

Equality checks fail.

Introduce Equality Method

#11 Test Code Duplication

Within a test there are undesirable 
duplications or several test cases have 

duplications.

Extract Method

# Test Smell Name

Description

Recommended Refactoring

Legend:

Figure 3.3: Test smells and refactorings presented by van Deursen et al. [34]

As Garousi et al. [58] revealed, test smells are a widely discussed
topic in industry and research. They identified 182 different test smells Spread of Test Smells

which have emerged since the publication of van Deursen et al. [34] in a
literature review and summarized them in a catalogue of test smells. In
this catalogue, test smells are classified into eight categories: (1) test ex-
ecution/behavior, (2) test semantic/logic, (3) design related test smells, (4) is-
sues in test steps, (5) mock and stub related test smells, (6) in association with
production code, (7) code related test smells, and (8) dependencies of tests.

One limitation is that test smells presented by van Deursen et al. [34] Test Smells vs.
Natural Language
Test Cases

and collected by Garousi et al. [58] refer to automated testing and
are therefore specific to test code scripts that have been developed
using test tools such as the JUnit framework. Test cases developed
for manual testing and therefore containing mainly natural language
descriptions are not explicitly considered. Therefore, it is necessary to
check which of these test smells can also be applied to the application
context of natural language test cases.

A first contribution in this respect is provided by Hauptmann et
al. [77], who discuss test smells in natural language tests. As a result Test Smells

Regarding Natural
Language Test Cases

they define a set of seven Natural Language Test Smells (NLTS) based on
their experiences from industrial environment (see Table 3.4). Haupt-
mann et al. [77] take into account system test cases that are executed
manually by human testers. Such test cases are often written in nat-
ural language, which often leads to incomprehensible, ambiguous
and unmaintainable test cases. They [77] state the problem that test
cases written in natural language often do not follow the established
principles of software development such as reusability and abstraction.
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Table 3.4: Natural Language Test Smells presented by Hauptmann et al. [77]

Natural Language Test Smell Description

NLTS01 Hard-Coded
Values

A test case contains “magic numbers” or strings
that are relevant for the execution of the test case
(e.g., test data). These can also occur in several
test cases. For test case maintenance, it is often
difficult to find and adapt (all) values affected by
a change.

NLTS02 Long Test Steps A test step consisting of actions and expected
results described in natural language is very long.
This impairs comprehensibility.

NLTS03 Conditional
Tests

Test cases contain conditional logic that is de-
scribed using natural language. This impairs com-
prehensibility and the resulting complexity makes
it difficult to verify the correctness of the test case.

NLTS04 Badly Structured
Test Suites

Test cases that test the same function are not
grouped together in one section in a test suit. This
makes it more difficult to understand the purpose
of a test, to select certain test cases for execution,
and the maintainability becomes more cumber-
some because test cases affected by a change have
to be determined.

NLTS05 Test Clones Test cases contain duplicates, such as identical ac-
tions or expected results. This impairs comprehen-
sibility, since similar test cases are more difficult
to distinguish, and maintainability, since several
locations are affected in the event of a change.

NLTS06 Ambiguous
Tests

The test case lacks information, which allows
room for interpretation in the execution of the test
case. This affects the comprehensibility and the
execution, since missing information contributes
to a non-determisitic test behavior resulting in
different test results.

NLTS07 Inconsistent
Wording

Domain concepts and related vocabulary are not
consistently used in the test case descriptions,
which impairs comprehensibility.

In addition, Hauptmann et al. [77] define metrics for each test smell.Metrics for Natural
Language Test Cases For example, a test step is too long (NLTS02) if the description of

actions or expected results contains more than 50 words. Conditional
tests (NLTS03) exist if a test case description contains one of the words
if, whether, depending, when, or in case. A test clone (NLTS05) exists if a
test case contains a substring of at least 30 words, which also occurs
in at least one other test case. The identification of ambiguous test
cases (NLTS06) is based on the existence of at least one weak word,
such as similar, good, bad, clear, easy, efficient, useful, or fast. To identify
inconsistent wording (NLTS07) in test cases, a lexical database is used
to identify potential synonyms, which must then be checked manually
for each test step. Hauptmann et al. [77] do not describe how these met-
rics were derived, meaning that these are probably experience values.
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With respect to the quality assessment of automotive test case speci- NLTSs in the
Context of
Automotive Test
Case Specifications

fications, the presented Natural Language Test Smells (NLTS) (see
Table 3.4) are of interest because they particularly address natural
language test cases. Therefore, they have to be considered for quality
assurance of automotive test case specifications (see Chapter 5).

Since natural language test cases are comparable with natural lan- Requirement Smells

guage requirements, it is worth taking a look at requirements smells. In
analogy to the well-known code smells [54], requirement smells com-
prise concrete symptoms of a requirement artifact that indicate poor
quality [48]. Femmer et al. [48] interpret the first eight language crite-
ria for requirements from the ISO 29148 standard [92] as requirement
smells, as shown in Table 3.5.

Table 3.5: Requirement smells according to Femmer et al. [48]

Requirement Smell Description

RS1 Comparative
Phrases

contain the first increase of an adjective and serve as a
concrete comparison to another point of reference, such
as ’better than’, ’higher quality’. The difference should be
measurable or testable.

RS2 Superlatives are the highest increase of an adjective, such as ’best’,
’most’, and express a comparison with the main unit. For
a complete specification of the requirement, a reference
point should be given with which to compare.

RS3 Subjective
Language

includes formulations that often describe properties of a
system that are difficult to measure, such as ’user friendly’,
’easy to use’, ’cost effective’. The semantics are not objective,
so that the evaluation of usability can strongly depend on
the respective user.

RS4 Vague
Pronouns

describe unclear relationships of a pronoun to the previous
context. Often it is not clear what pronouns, such as ’it’,
’this’, ’that’, refer to.

RS5 Ambiguous
Adverbs and
Adjectives

describe the phenomenon that properties are usually not
described in detail, such as ’almost always’, ’significant’,
’minimal’. At this point information is missing.

RS6 Open-ended,
non-verifiable
Terms

allow interpretations, e.g., ’provide support’ is not spec-
ified in more detail. Moreover, information on sizes and
quantities may be insufficient, so that they are not measur-
able/testable, such as ’but not limited to’, ’as a minimum’.

RS7 Loopholes such as ’if possible’, ’as appropriate’, ’as applicable’, can
lead to parts of the specification being ignored. It must
be clarified what enables or prevents a described behavior.
Furthermore, it should be defined how a system operates
in exceptional circumstances, such as ’if not possible’.

RS8 Negative
Statements

comprise properties or functions that a system should not
implement, which can lead to an underspecification.

RS9 Incomplete
References*

in requirements result in a lack of information, which
affects the measurability or testability of a requirement.

* Not defined by Femmer et al. [48] as requirement smell, but listed here for a
complete listing of the language criteria of ISO 29148 [92].
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It is conceivable that some of these requirement smells also appearApplicability of
Requirement Smells

to Natural Language
Test Cases

in natural language test cases. In this respect, some requirement smells
are similar to the previously presented testing principles (cf. Table 3.1),
test case qualities (cf. Table 3.2), or NLTSs (cf. Table 3.4). For example,
there is a content-related correspondence between RS9 (incomplete refer-
ences) and Q12 (traceable), between RS5 (ambiguous adverbs and adjectives)
and NLTS06 (ambiguous tests) as well as between RS7 (loopholes) and
NLTS03 (conditional tests) respectively P08 (reliability) or Q03 (repeatable).
The requirement smells RS1 (comparative phrases) and RS2 (superlatives)
are applicable to the scenario where one test case has references to
another test case, such as ’press the button two seconds longer than in test
case xyz’. Even if this is rather untypical in practice, this corresponds to
a dependency of the test case. Therefore, RS1 and RS2 are covered by
the testing principle P14 (test (in)dependency) and the test case quality
Q10 (independent). Furthermore, it is possible that subjective statements
(RS3) and non-verifiable terms (RS6) appear in expected results, such as
’the SUT reacts appropriately’ or ’parameter was reset’. Since information
is missing in such test case descriptions, these two requirement smells
can also be covered by NLTS06. In addition, there is accordance with
Q07 (clear) and P02 (readability & comprehension).

In contrast, some requirement smells are not applicable to test cases.
Thus, negative statements (RS8) are not uncommon in test cases, e.g., if a
reaction of the SUT should be explicitly excluded in an expected result
description. Hence, negative statements are not to be considered as
smell. The same applies to RS4 (vague pronouns). The context within a
test case is usually limited, i.e., an expected result description usually
refers to the associated action description, the test purpose descrip-
tion provides additional information about the context, and a test case
specification contains test cases for a particular SUT. Therefore, unclear
relationships of a pronoun, such as ’it’, ’this’, etc., tend not to occur.

In summary, the majority of deficiencies addressed by the require-
ment smells (RS1, RS2, RS3, RS5, RS6, RS7, RS9), which may also tend
to affect natural language test cases, are also covered by the testing
principles, test qualities or NLTSs described above. Furthermore, the
requirement smells RS4 and RS8 are not relevant for test cases. For that
reason, it is not necessary to consider the requirement smells presented
in Table 3.5 in addition to the testing principles, test case qualities and
NLTSs in the quality assurance of automotive test case specifications.

Overall, the literature research shows that, according to the well-
known code smells [54], there are also test smells [34, 58, 77] and re-
quirement smells [48], which indicate quality deficiencies in test cases
respectively requirements. Test smells, such as the NLTSs in Table 3.4,
as well as the testing principles (cf. Table 3.1) and test case qualities
(cf. Table 3.2) presented in the previous section, can be a part of ana-
lytical quality assurance. Thus, they can be used as a guideline during
test case reviews to support the identification of typical deficiencies
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in test cases and therefore to improve test case quality. Therefore, the
following section presents a test smell-based approach for conducting
test case reviews. The use of the presented test case quality character-
istics for the quality assurance of automotive test case specifications is
discussed in Chapter 5.

3.2.3 Test Case (Specification) Reviews

The quality assurance of software artifacts, as it is typical for require-
ments or production code, has recently become increasingly important
for test cases as well. Garousi et al. [61] justify this trend with an
increasing number of studies in this field of research. One reason for
this is the growing importance of test cases as specification in agile
development processes. Lanubile et al. [121] describe this as well, but Test Cases are Still

the Least Frequently
Reviewed Software
Artifacts

add that test cases are still the least frequently reviewed software
artifacts. They explain this by the fact that test activities usually take
place at the end of the development process and that these are most
frequently affected by costs and time cuts in the case of project delays.
This raises the question of how test case reviews can be performed
and what their content is.

In order to improve the quality of test cases and to identify de- Inspections as a
Useful Method to
Identify Defects in
Test Cases

fects in test cases, Lanubile et al. [121] consider inspections as a useful
method. Laitenberger et al. [119] also refer to literature that emphasizes
the importance of inspections for test cases. Nevertheless, they deter-
mine in their study that inspections are mainly used for code, design
or requirement documents instead of test cases. Spadini et al. [160]
also state that writing and maintaining high quality test code is still
challenging and is often considered secondary.

Inspections are an established method for analytical quality assurance Inspection vs.
Review(cf. Figure 2.9) and are a special form of formal reviews. They aim

to detect deficiencies in software artifacts by visual examination. The
procedure is based on defined rules, certain inspection criteria and
roles, such as moderator, inspector, and recorder [161]. The term review
is often used as a generic term for inspection or formal review, but
can also mean an informal review [161].

With regard to the review of test cases, there are two types of re-
views that are primarily considered in the literature: informal reviews
and inspections. In the following, approaches are presented that use This Thesis Focuses

on Inspectionsreviews respectively inspections as quality assurance technique for
test cases and how these are integrated into the development process.

Lanubile et al. [121] apply an approach in which two inspectors Test Smell Based
Approach for Review
Checklists

assess the quality of unit tests by using a checklist. This checklist
contains ten test smells, which have been assembled from the test
smells of van Deursen et al. [34] and Meszaros et al. [131, 132]. In their
empirical study, Lanubile et al. [121] demonstrate that through the
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inspection and in combination with the checklist used, test smells can
be identified. In particular, the results show that the Four Phases Test
Pattern [131] was frequently broken. This pattern specifies to structureFour Phases Test

Pattern a test case into four phases: (1) Setup: establish conditions for the prior
state of the test, (2) Exercise: execute the software to be tested, (3) Verify:
specify expected results, and (4) Teardown: restore the initial conditions
of the SUT. Furthermore, Lanubile et al. [121] identified in their re-
views as frequent anomalies that manual interventions were necessary
before the actual test execution and, if a test failed, it was unclear
which assertion was responsible. Overall, Lanubile et al. [121] show
that the use of test smells in test case reviews actually adds value.

Petunova et al. [142] also present a checklist-based review of testQuestionnaire Based
Approach for Review

Checklists
cases and its application in a case study from the field of telecommu-
nications. As shown in Table 3.6, they define a checklist consisting of
14 questions that refer to an entire test case specification instead of
single test cases.

Table 3.6: Checklist for test case review (TCR) from Petunova et al. [142]

ID Question

TCR01 Is the correct test case template being used?

TCR02 Is the following information correct?

References to business requirements, information about the author, creation
time, an idea on the test cases, preconditions for test cases execution

TCR03 Was a product risk factor taken into account when test case execution
conditions were defined?

TCR04 Are the test cases able to cover all defined requirements?

TCR05 Are external areas, which could affect the implementation of the require-
ment, identified and included in the test cases?

TCR06 Are equivalence classes identified? Are all possible equivalence classes
included in the test cases?

TCR07 Are test data identified and included in the test cases?

TCR08 Are boundary values, negative and invalid values identified and in-
cluded in the test cases?

TCR09 Are negative scenarios included in the test cases?

TCR10 Are test steps defined in a correct and logical sequence?

TCR11 Are the expected results defined for all test steps?

TCR12 Is the expected result correctly identified?

TCR13 Are test cases free of grammatical errors?

TCR14 Are test cases developed consistently with use cases?

Petunova et al. [142] report that test case reviews are helpful in
detecting defects in test cases as well as in requirements. According
to their case study, the most common defects in test cases are incom-
plete test cases, insufficient number of negative test cases, missing
or inappropriate test data, incorrect expected results, grammatical
errors, and test cases that are obsolete and not adapted to changes
in requirements. In addition, Petunova et al. [142] emphasize that



3.2 quality assurance of test cases 53

reviews should be conducted by a person who was not involved in the Independent
Reviewerscreation of the test cases. However, this person should have at least

the same or comparable qualification in order to assess a test case.
This also corresponds to the guidelines for independent testing, where
different people have the responsibility for development and testing
to promote unbiased testing [161].

Spadini et al. [160] report on reviewers’ practices in reviewing test Typical Practices of
Reviewers in
Informal Reviews

code and typical review findings. Some of the interviewed reviewers
first check the test code in order to gain an understanding of what a
function should do. Reviewers mainly focus on whether a test case
covers all paths of the program code and whether the maintainability
and readability of the test case is ensured. In addition, test code
reviews usually include hints for code improvements, such as fixing
typos, better naming of class, method or variable names, unused or
unnecessary code, and code styling. Furthermore, reviews document
defects in test cases, such as incorrect conditions or misuse of test
conventions. Spadini et al. [160] identified challenges for the review of
test code, such as the missing test context, the poor navigation support
of the tools used, unrealistic time targets due to management and the
lack of knowledge of good review and test procedures.

A concrete procedure for the review is not described by Spadini et
al. [160]. The focus is on reviews that have to be performed for produc-
tion and test code in case of a change request. These reviews are more
likely to be lightweight peer code reviews, usually conducted by ex- Peer Reviews

perienced developers and therefore are informal reviews. Peer reviews
are reviews based on mutual feedback from colleagues [161, 184].

In addition to the approaches described, such as conducting reviews
based on checklists or typical aspects of test code reviews, various
studies provide information on how the review of test cases is embed-
ded in the development process. Garousi et al. [61] perceive the quality Integration of

Reviews Into the
Development Process

assessment of test code as a central component in the development
and test process. They summarize the activities during the entire life
cycle of test code under the term Software Test-Code Engineering
(STCE), as shown in Figure 3.4.
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Development of 
Production Code
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Quality Improvement
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Quality Improvement

Software 
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Manual 
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Automated development 
of test code
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impacts used for impacts

Figure 3.4: Software Test-Code Engineering (STCE) process [61]
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Thus, development, quality assessment and maintenance activities
for test code have to be performed in accordance with activities related
to the production code to be tested. According to Garousi et al. [61]Test Code Has to Be

Changed in Two
Cases

there are only two reasons why test code has to be changed. Either the
production code has been changed and the test code has to be adapted
as well, or the quality of the test code can be improved by refactoring.
Furthermore, Garousi et al. [61] point out that the quality assessment
of test cases according to the current state of research is particularly
about identifying test smells and improving maintainability.

Salger et al. [149] consider reviews of test cases in the context of
effective knowledge transfer in global software development projects.
Test case specifications containing acceptance test cases are perceived
as auxiliaries to balance the mental models between customer and
development team and to improve the quality of the Software Require-
ment Specification (SRS). In a two-step test-oriented review method,Review Method

Involving the
Customer

as shown in Figure 3.5, Acceptance Test Cases (ATC) are first created
by the reviewer during the review of a SRS, whereby the review of the
SRS is based on perspective-based reading [157]. Then the acceptance
test cases are checked by the customer and new test cases are created if
necessary. For this test case review, Salger et al. [149] make no detailed
statements about applied review criteria or guidelines for the review.

Second StepFirst Step

Reviewer

ATC-
Spec

2 creates acceptance 
test cases

ATC
ATC

ATC

Customer
creates new 
acceptance 
test cases

4

ATC
ATC

ATC

SRS

Figure 3.5: Test-oriented review method according to Salger et al. [149]

In conclusion, the literature [61, 119, 121, 160] shows that the impor-
tance of quality assurance of test cases is present. Meanwhile, there are
several approaches that concern the review of test cases respectively
test code, such as checklist-based inspections or informal reviews. In-
spections, as a structured approach, are recommended for conducting
test case reviews [119, 121]. The checklists used to support an inspector
during an inspection are based on either test smells [121] or defined
questions [142]. For reviewing test code an informal review, such as
peer code reviews, seems to be common [160]. The timing of a review
should depend on changes to the product or production code [61] and
can be used additionally to transfer knowledge between customer and
reviewer [149]. However, none of the approaches presented is directly
related to natural language test cases or the automotive domain, but
may be used for it. How this is implemented for automotive test case
specifications is described in Chapter 5.



3.3 formal specification of test cases 55

3.3 formal specification of test cases

This section shares material with the conference paper “A Tailored
Domain Analysis Method for the Development of System-Specific
Testing DSLs Enabling their Smooth Introduction in Automotive
Practice” presented at SEAA’19. © 2019 IEEE. Reprinted, with
permission, from Juhnke et al. [102].

In addition to analytical quality assurance methods, as presented in
the previous section, constructive quality assurance methods also con-
tribute to qualitative test cases, i.e., the specification method used can
already lead to different test case qualities. It is therefore appropriate
to take a closer look at test case specification methods.

The specification of test cases ranges from purely natural language
descriptions in prose (informal specification) to the application of
formal methods. Figure 3.6 shows these different approaches with
examples and their assignment to increasing degrees of formalization.
The degree of formalization increases to the right. Additionally, com-
parable approaches from requirements engineering are illustrated in
grayscale in the upper part of figure.

Degree of Formalization

Testing

Requirements Engineering

Natural 
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Structured Natural 
Language

Formal Model 
or Language

Controlled Natural 
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Requirement Boilerplates, 
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Language

Structured Natural 
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UbTL, TTCN-3
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Test Case Forms 

Free Text, Prose

State of the Practice  

Gherkin

Figure 3.6: Degree of formalization for different specification approaches of
requirements and test cases [102] © 2019 IEEE

State of the practice at Daimler for the specification of test cases State of the Practice:
Structuring of Test
Case Information
Using Test Case
Specification
Templates

that are used by testers as a basis for implementing automated test
scripts (e.g., HiL test scripts) or for manual execution in a vehicle
prototype (e.g., costumer-experience tests) is the use of test case speci-
fication templates as presented in Section 2.2.3. In this way, information
contained in natural language test cases is structured. This typically
includes the separation of action and expected result descriptions into
the corresponding attributes of a test case specification template (cf.
Figure 2.6, Page 26). In addition, further information of a test case,
such as test case properties defined by standards (e.g., ISO 29119 [90])
or project-specific demands (e.g., test case metadata in the automo-
tive domain, cf. Figure 2.6), is structured. Comparable approaches

http://doi.org/10.1109/SEAA.2019.00011
http://doi.org/10.1109/SEAA.2019.00011
http://doi.org/10.1109/SEAA.2019.00011
http://doi.org/10.1109/SEAA.2019.00011
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also exist in requirements engineering, such as Cockburn’s Use Case
Template [25] or the structure for Software Requirement Specification
(SRS) documents recommended by the ISO 29148 standard [92].

The challenge in using the described test case specification tem-Disadvantage of
(Structured) Natural

Language
plates is still that the information within the individual structural
units is in natural language. This means that the individual texts may
still contain deficiencies typical for the use of natural language, such
as ambiguity, spelling mistakes, poor comprehensibility and so on.
These deficiencies can be reduced by an increasing degree of formal-
ization of the approach used. Thus, requirements or test cases can
be described in a more formal way, for example by using Controlled
Natural Languages (CNLs) or formal languages (cf. Figure 3.6).

CNLs offer a higher degree of formalization than test case speci-Controlled Natural
Languages fication templates. CNLs are languages that are based on a certain

natural language, such as German or English, but are restricted in
syntax, semantics, and vocabulary [116]. They are used to improve
communication between humans, which is also a concern regarding
the test case specifications considered in this thesis. When using CNLs,
it is also about restricting the natural language used for the individual
information units of a test case, e.g., descriptions of actions or expected
results. This reduces ambiguities and supports comprehensibility. A
typical example for the semi-formal documentation of requirements
using CNLs are requirement boilerplates [64], such as the boilerplates
by Pohl & Rupp [144] or the EARS boilerplates [128]. These are de-
scribed in more detail in Section 3.3.2, since the natural language test
cases considered in this thesis have similarities to natural language
requirements. A comparable approach for specifying test cases using
a CNL is offered by the language Gherkin.

Gherkin [134, 189] is a description language that can be used toGherkin

describe test scenarios for the Behaviour-Driven Development (BDD)
tool Cucumber. It is also known as Given-When-Then notation and has
few keywords, making it easy to learn. Listing 3.1 shows a fictitious
test case described with Gherkin from the Gherkin reference [62].

1 Feature : Highlander
2

3 Rule : There can be only One
4

5 Background :
6 Given there are 3 n i n j a s
7

8 Example : Only One − More than one a l i v e
9 Given there are more than one n i n j a s a l i v e

10 When 2 n i n j a s meet , they w i l l f i g h t
11 Then one n i n j a dies ( but not me)
12 And there i s one n i n j a l e s s a l i v e
13

14 Example : Only One − One a l i v e
15 Given there i s only 1 n i n j a a l i v e
16 Then he ( or she ) w i l l l i v e f o r e v e r ; − )

Listing 3.1: Sample of a test case specified with Gherkin [62]
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The keyword Feature groups related scenarios (Line 1). Rules describe
a business rule to be implemented, which can be illustrated by several
scenarios (Line 3). Rules can include a Background describing steps
that apply to each scenario (Lines 5 – 6). An Example illustrates a
business rule and consists of several steps (Lines 8 – 12 and 14 – 16).
Alternatively, a Scenario can be defined instead of an Example. Each
step begins with one of the keywords Given, When, Then, And, or But.

The keywords support the structuring of the individual elements Gherkin in the
Automotive Contextof a test case into preconditions (Given), actions (When) and expected

results or postconditions (Then). However, Gherkin does not offer
any support for writing the text that is between the keywords. These
can be descriptions in natural language that do not consider any
automotive-specific or system-specific aspects and may contain typical
shortcomings such as ambiguities, inconsistencies and incomprehensi-
bility. Therefore, based on the keywords used, Gherkin is similar to the
approach taken by test case specification templates. An advantage of
Gherkin lies in the automation, since method bodies can be generated
from the written scenarios for each individual step. These method
bodies must be implemented accordingly for test automation, which
requires programming experience. To the best of knowledge, no appli-
cation of Cucumber or Gherkin in conjunction with test automation
languages popular in the automotive domain such as PROVEtech:TA1

is known. In contrast, Cucumber and Gherkin are often mentioned
in relation to the automation of acceptance testing for web applica-
tions [189]. Moreover, there are even missing possibilities to specify test
case metadata (cf. Section 2.2.2), such as the validity for specific model
series or the assignment of test platforms. In conclusion, Gherkin
offers no significant advantages over the structured natural language
approaches such as the test case specification template (cf. Figure 3.6).

In addition to the documentation of test cases using CNLs, Figure 3.6 Formal Languages

shows formal models or languages that provide a well-defined syntax
and semantics and therefore allow a formal verification. The for-
mal documentation of requirements is established in requirements
engineering, through the use of formal languages such as the Uni-
fied Modeling Language (UML) [138], System Modeling Language
(SysML) [137], Object Constraint Language (OCL) [136], the formal lan-
guage Z [36] or temporal logic. A formal specification of test cases can
be achieved with the UML Testing Profile (UTP) or various test script
languages, such as TTCN-3. The following Section 3.3.1 presents re-
lated work that explicitly address the formal specification of test cases
using formal languages by means of test script languages or DSLs.

1 PROVEtech:TA from AKKA Technologies:
https://www.provetech.de/index.php/products/provetech-ta

https://www.provetech.de/index.php/products/provetech-ta
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3.3.1 Overview of Formal Languages for Specifying Test Cases

Bertolino [10] suggests that testing can benefit from the use of DSLs
and that research should focus on how domain knowledge can im-
prove the test process. It is therefore worth to look at languages for
the specification of test cases and to provide an overview. In doing so,A Potential Test

Language Must Fit
the Context

the application context on which this thesis is based and as described
in Section 1.1 has to be considered. Especially the comprehensibility
and learnability of a formal language even for users with little or no
programming skills and the representation of automotive-specific as-
pects in order to support test designers in the specification of test cases
should be emphasized. The focus is not on the automated execution
of the described test cases.

One of the first languages for specifying test cases is the UML Test-UML Testing Profile
(UTP) ing Profile (UTP), which is standardized by the Object Management

Group (OMG) [73]. It is a graphical DSL for the specification, visualiza-
tion and documentation of test artifacts. It is based on UML. Therefore,
interactions as they occur during the execution of actions for a test case
can be graphically visualized using sequence diagrams. UTP is often
associated with the Model-Based Testing (MBT) approach [4], but is
independent of any domain, method or type of system. For example,
Iyenghar et al. [95] demonstrate the applicability of UTP for MBT of
real-time embedded systems. However, this flexibility of UTP is often
seen as a disadvantage because the scope of concepts and modeling
elements is too large to solve domain-specific problems [81].

Regarding the specification of automotive test cases, this flexibility
can also have the consequence that test developers and testers either
feel overwhelmed or misinterpretations can occur. Furthermore, UTP
has no system-specific or automotive-specific characteristics and there-
fore a test designer is not adequately supported for her or his system.
In addition, test designers and testers must learn a new notation, since
UTP is a graphical language and therefore requires a transfer from
the existing textual, natural language approach. This is a considerable
initial obstacle and especially at the beginning, the graphical descrip-
tion of test cases may take more time than the writing of natural
language texts. Therefore, UTP is not suitable for the documentation
of automotive test cases as considered in this thesis.

Iber et al. [82] describe an approach to ease the use of UTP by in-UTP-based Testing
Language (UbTL) troducing the UTP-based Testing Language (UbTL). Only a subset of

the UTP and UML specification is used for specifying test cases using
a textual DSL. Test cases specified with UbTL can be transformed into
UML or UTP models, which then can be used to generate test cases
for the test environment. Iber et al. [82] show an example of a test
case specified with UbTL for testing a cosine function, as shown in
Listing 3.2.
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1 comp sut_cos cos
2 comp component_assert ions a s s e r t i o n s
3 comp component_monitor monitor
4

5 var f l o a t 3 2 _ a r r a y inputs = f l o a t 3 2 0 . 0 , f l o a t 3 2 4 .514468643

6 var f l o a t 3 2 _ a r r a y expected_outputs = f l o a t 3 2 1 . 0 ,
7 f l o a t 3 2 −0 .196630695

8

9 t e s t c a s e component_context t e s t {
10 monitor . s e t ( cos . outputs . get (OUT) )
11 foreach ( i : inputs , j : expected_outputs ) {
12 cos . f ixedInputs . get ( IN ) = i cos . execute ( )
13 a s s e r t i o n s . assertThresholdBounded ( cos . outputs . get (OUT) , j ,

−0 .00001 , 0 . 0 0 0 0 1 )
14 }
15 }

Listing 3.2: Sample of a test case specified with UbTL [82]

The SUT is defined as a component called cos (Line 1 in Listing 3.2).
This is followed by the definitions for the test components assertions
and monitor (Lines 2 – 3). The assertions component provides certain
assertions, such as assertThresholdBounded (used in Line 13), which
checks for equality between the first and second operands. The monitor
component is used to observe variables during test case execution. The
test data is defined in the arrays inputs and expected_results (Lines 5 – 7).
Then the test case is specified (Lines 9 – 15).

The notation of UbTL strongly reminds of a programming language,
therefore the term UbTL code is also used. Thus, the entry hurdle
for users without programming skills is rather high, because the
used program structure must be understood and keywords must be
known. Test designers would be forced to transfer their previous
natural language test case descriptions into the structure of UbTL,
which greatly limits the degree of freedom for the formulation of test
procedures. It may happen that test cases have to be described more
circumstantially using UbTL and are also more difficult for testers to
understand, since they also have to interpret the written text, which
could possibly be written more easily in natural language. Similar
to UTP, the language does not contain automotive-specific aspects.
Therefore, UbTL is not suitable for the documentation of automotive
test cases which are considered in the context of this thesis.

Another aspect in testing embedded systems is that General Purpose
Languages (GPLs), such as C, C++, C# or Python, are typically used for
test automation, but textual DSLs such as TTCN-3 are also increasingly Testing and Test

Control Notation
(TTCN-3)

used. The earlier versions of the Testing and Test Control Notation
(TTCN-3) [44] were primarily designed for the telecommunications
industry and testing of communication protocols. Version 3 focuses
on the possible adaptation to other domains [66], which led to the
use of TTCN-3 for railway and automotive domain or web application
testing [13, 153]. Listing 3.3 shows an example of a test case specified
in TTCN-3 from Zeiß [194].
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1 module testConfigEample {
2 type port myPort message {
3 inout i n t e g e r
4 }
5 type component myComponent {
6 port myPort p ;
7 }
8 template i n t e g e r myMessage := 1 ;
9 template i n t e g e r expectedMessage := 2 ;

10

11 a l t s t e p catchUnexpected ( ) runs on myComponent {
12 [ ] p . r e c e i v e {
13 stop ;
14 }
15 }
16 t e s t c a s e t e s t ( ) runs on myComponent {
17 var d e f a u l t myDefault := a c t i v a t e ( catchUnexpected ( ) ) ;
18 p . send ( myMessage ) ;
19 a l t {
20 [ ] p . r e c e i v e ( expectedMessage ) {
21 s e t v e r d i c t ( pass ) ;
22 }
23 }
24 d e a c t i v a t e ( myDefault ) ;
25 }
26 }

Listing 3.3: Sample of a test case specified with TTCN-3 [194]

A component myComponent with a port myPort is defined (Lines 5 – 7
in Listing 3.3). The definition of the test case (Line 16) refers to this
component. The behavior of the test case first describes the activation
of a default behavior (Line 17). The SUT is then stimulated by sending
a message (myMessage) to the port (Line 19). If the returned message
corresponds to the expectedMessage, the test result is set to pass (Line 21).
Otherwise, the default altstep is executed (Line 11 – 15), where in this
example the execution of the test case is stopped (Line 13).

Executable test cases written in TTCN-3 closely resemble complex
program structures. This poses the risk that domain experts need a
technical understanding similar to GPLs to specify and understand
test cases. Another disadvantage of TTCN-3 is the power of the lan-
guage, which makes it difficult for test designers and testers to learn
it. Therefore, TTCN-3 is particularly unsuitable for application by
users without programming skills and for the description of manually
executable customer-experience test cases.

A higher abstraction level can be achieved by specifying the test
description and the presentation of test execution results by using the
Test Description Language (TDL) [43]. The focus of TDL is on the de-Test Description

Language (TDL) scription of the test purpose by using formal semantics, whereas
TTCN-3 focuses more on the description of the test implementa-
tion [124]. Hence, TDL does not focus on the description of the test
case procedure (i.e., actions and expected results) and is not suitable
for the description of automotive test cases as considered in this thesis.
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The TEst Specification LAnguage (TESLA) is part of the framework TEst Specification
LAnguage (TESLA)Computer-Aided Specification and Testing (CAST), which focuses the

automation of test execution for embedded real-time systems [180].
TESLA should support the formal specification of test cases with a pre-
cise semantics, minimize test case specifications and enable automated
test execution. Listing 3.4 shows a test case specified with TESLA for
controlling the temperature in a room with air conditioning. The air
conditioner is turned on (Line 4) and the room temperature, which
was given to the test case during the test execution, is set (Line 5). Then
it is checked whether the air conditioner is not overloaded (Line 8).
Since the test is defined as critical (Line 7), the test case would be
terminated irregularly if the air conditioner was overloaded.

1 t e s t ACWorking ( Types . ACStatus ac I n t room_temperature ) {
2 def MAX_POWER = 5

3 a c t i o n {
4 ac . on = true
5 Room . temperature = room_temperature
6 }
7 c r i t i c a l check never in [ 0 , 5 ] sec {
8 Room . overload occurred ac . power > MAX_POWER
9 }

Listing 3.4: Sample of a test case specified with TESLA [180]

TESLA is similar to a programming language and therefore tends to
be difficult to learn for users without programming skills. In addition,
TESLA focuses on the automation of test cases at system level for the
testing of control and allocative functions. Automotive-specific aspects,
for example, are not implemented by specific keywords. Therefore,
this language is rather unsuitable for the description of manually
executable test cases in the automotive domain.

A Testing DSL related to the automotive domain is presented by testCaseFramework
(tCF) DSLSroka et al. [163]. They introduce a DSL for specifying test cases called

testCaseFramework (tCF) DSL. This DSL is part of a tool chain for
specification-based software testing of embedded software. Listing 3.5
shows an example of a test case specified with the tCF DSL for switch-
ing on the headlight when the vehicle is unlocked and the light switch
is switched on. A test case has a name such as lightOn (Line 1) and
consists of a number of different steps. Data steps describe either
setting (=, Lines 4 and 10) or checking (==, Lines 7 and 12) a certain
value for an actuator, such as LightSwitch or Headlight. Data steps are
defined without a prefixed keyword. Time steps are characterized by
the keyword Run (Lines 5 and 11) and define waiting times between in-
puts (set steps, =) and outputs (check steps, ==). Call steps are defined
by the keyword Step and summarize a sequence of steps that can be
called. The call step UnlockCar (Line 3) includes, for example, pressing
the button on the vehicle key for a defined time and releasing the key.
Moreover, links to requirements are marked with a # (Lines 6 and 9).
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1 TestCase lightOn {
2 Execute {
3 Step UnlockCar // step unlock car

4 LightSwitch = o f f // preset light switch to off

5 Run( 1 0 0 0 ) // let ECU run for 1s

6 #REQ_37 // link to requirement

7 Headlight == o f f
8

9 #REQ_52 // link to requirement

10 LightSwitch = on // set light switch to position on

11 Run ( 4 2 ) // let ECU run for 42ms

12 Headlight == on // check , if the light is on

13 }
14 }

Listing 3.5: Sample of a test case specified with the tCF DSL [163]

Automotive-specific aspects can only be represented with the tCF
DSL by naming variables accordingly (e.g., LightSwitch). Otherwise,
there are no rules or restrictions for the specification of the test case
procedure. For example, it is possible to change the order of the steps
so that check steps can be defined before set or time steps without
being displayed as an error to the user. Longer descriptions, especially
in natural language, are only possible in the form of comments. Fur-
thermore, the scope of language is very limited, as there are only set,
time and check steps within a test case. In addition, the tCF DSL is
not sufficiently documented. Hence, the tCF DSL is not suitable for
documenting test cases as considered in the context of this thesis.

Funke [57] defines a Testing DSL for the structuring of a test caseTesting DSL for
Smart Card

Applications
for specifying test case specifications in the area of smart card ap-
plications, such as Electronic Passport (EPASS) or Electronic Identity
Card (EID). Listing 3.6 shows an example of a test case specified by
Funke according to the Testing DSL. Accordingly, a test case always
consists of a unique ID, test purpose, version, profile, precondition,
test scenario and postcondition. The profile of a test case describes
the characterization of a chip in EID or EPASS. The quality of a test
case indicates whether it is mandatory or optional. The test scenario
consists of a set of steps and results, each described as free text.

1 T e s t S u i t e myTestSuite {
2 Purpose " myPurpose "
3 Reference " Requirement 123"
4 Version " 1 . 0 "
5 P r o f i l e " EID "
6 Quali ty " mandatory "
7 Precondi t ion " Chip i s not damaged"
8

9 Tes tScenar io
10 Step " I n s e r t EID i n t o card reader "
11 Resul t " Card reader accepts card "
12 Step " Enter c o r r e c t PIN"
13 Resul t " Data are r e l e a s e d f o r encrypted transmiss ion "
14

15 Postcondi t ion "None"
16 }

Listing 3.6: Sample of a test case specified based on the grammar of a Testing
DSL defined by Funke [57]
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The Testing DSL for smartcard applications is very limited in its
language scope. It does not contain any automotive-specific aspects.
Furthermore, it mainly supports the structuring of a test case based on
the test case attributes shown in Listing 3.6, such as purpose, precon-
dition, step, result, postcondition, and so on. The texts which are spec-
ified for the description of actions (step) and expected results (result)
can be any natural language texts which are not restricted. This means
that ambiguities or inconsistencies in the test case descriptions are not
avoided. Thus, the approach does not differ significantly from the test
case specification template or the language Gherkin and is not suitable
for improving test case descriptions in the context of this thesis.

The Restricted Test Case Modeling (RTCM) approach [191] pro- Restricted Test Case
Modeling (RTCM)vides a template for test case specifications that structures information

about the test case, e.g., test case name, description, precondition,
tester, dependencies, as well as basic and alternative flows with post-
conditions. This is comparable to the approach followed by test case
specification templates (cf. Section 2.2.2). Since the RTCM approach
was inspired by Restricted Use Case Modeling (RUCM), the specifi-
cation of scenarios is a central component in RTCM, i.e., the specifi-
cation of a sequence of steps with a postcondition. RTCM test case
specifications are automatically generated from requirememnts (use
cases) specified in RUCM. Based on RTCM test cases, executable test
cases can be generated automatically using a test case generation tool
(aToucan4Test) [191]. Figure 3.7 shows an example of a RTCM based
test case specification using the template and keywords. The keywords
are highlighted in color and the rest of the text is natural language.

Figure 3.7: Extract from a RTCM test case specification [191]
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A set of rules, which are based on the RUCM restriction rules,
restrict the usage of natural language for specifying the steps of a
test case. Examples of these are: Describe one action per sentence, Use
present tense only, Use active voice rather than passive voice, Use words in a
consistent way, Don’t use modal verbs, Avoid adverbs [192]. Furthermore,
there are rules that describe the use of certain keywords, which should
avoid ambiguities. Examples of these are, IF-THEN-ELSE-ELSEIF-
ENDIF, MEANWHILE, DO-UNTIL, VALIDATE THAT or INCLUDE
TEST CASE SPECIFICATION.

Overall, Yue et al. consider a similar context to the one discussed in
this thesis – test case specifications used as reference documents for
manual execution of test cases and for manual implementation of test
cases in a test script language for automated test execution [191]. In
addition, the test case specification language of RTCM test cases is
natural language. However, it is up to the user to ensure compliance
with the rules described for restricting natural language. This means
that the keywords are used for the general description of test cases and
the natural language restrictions are only recommendations for formu-
lation. There is no active domain-specific support, e.g., by means of
automotive-specific keywords. It is not clear whether recurring techni-
cal terms, parameters or signal names can be documented in a central-
ized manner. Yue [190] reports that one of the disadvantages of RTCM
is that there is “No support on dictionary/glossary of domain concepts”.
This underlines that RTCM does not support automotive-specific or
even system-specific aspects. Furthermore, the application scope of
RTCM is limited [190], which may be due to the dependencies on
RUCM, and RTCM is not sufficiently documented. Therefore, RTCM
is not suitable for improving automotive test case descriptions.

In summary, the formal languages under consideration [43, 44, 57,
73, 82, 163, 180, 191] do not offer test designers and testers domain-
specific support for creating or interpreting automotive test cases.
UTP [73] is a graphical language that offers too less guidance due to
its immense flexibility. UbTL [82], TTCN-3 [44], and TESLA [180] are
very similar to a programming language and have hardly any natural
language constructs, which makes them difficult to understand for the
user group under consideration. TDL [43] focuses on the description
of the test purpose and not the test procedure and is therefore not
suitable for the improvement of test case descriptions. Funke [57] only
presents a DSL, which is mainly used to structure test case attributes.
The description of actions and expected results in natural language
does not follow specific rules. The only DSL with automotive-specific
references is presented by Sroka [163]. However, this is limited to
the definition of variable names. More detailed descriptions of the
respective test steps containing natural language constructs can only
be defined as comments. Furthermore, this approach does not exclude
the possibility that the order of actions and expected results may
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be incorrectly reversed. Only RTCM [191] follows a distinct natural
language approach, which has the potential to be easily learned and ap-
plied for different user groups with different knowledge backgrounds.
However, RTCM does not support automotive-specific aspects. Hence,
this thesis investigates how automotive-specific language support can
be developed and used (cf. Chapter 6).

3.3.2 Templates for Requirements Specification

Template-based approaches for structuring natural language based
descriptions are already popular in Requirements Engineering under
the term requirement boilerplates. Hull et al. [80] introduced this concept Requirement

Boilerplatesas a method to standardize the language used to phrase requirements.
Thus, requirement boilerplates are phrase templates for writing re-
quirements in natural language. They define a syntactic structure for
the construction of requirements with the aim of syntactic uniqueness
and the reduction of linguistic effects, such as nominalization, uni-
versal quantifiers, or incomplete conditions. This avoids ambiguity,
enables automated analysis and validation and thus improves the
quality of natural language requirements [64, 144].

Two popular examples for requirement boilerplates are provided by Popular Requirement
Boilerplatesthe boilerplates from Pohl & Rupp [144] and the EARS boilerplates

from Mavin et al. [128]. They are shown in Figure 3.8. The boilerplates
contain fixed (terms in bold) and variable (terms in square brackets)
components. This notation is strongly reminiscent of Gherkin (cf.
Section 3.3.1), with the fixed components representing the syntax and
the variable components representing the specific knowledge of the
domain experts. In addition, Pohl & Rupp [144] recommend the use
of a domain glossary for filling the variable parts.

WHEN
<Under what conditions?>

THE SYSTEM 
<system name>

SHALL

SHOULD

WILL

<process>

PROVIDE <whom?> 
WITH THE ABILITY 

TO <process>

BE ABLE TO 
<process>

<object>
<additional details 
about the object>

WHEN

IF

WHILE

WHERE

<optional preconditions> <trigger>

<optional preconditions> <trigger>, THEN

<in a specific state>

<feature is included>

THE
<system name>

SHALL <system response>

optional optional

optional

[Pohl & Rupp]

[Mavin et al.]

Figure 3.8: Requirements boilerplates from Pohl & Rupp [144] and the EARS
boilerplates from Mavin et al. [128]
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Mavin et al. [128] applied their EARS templates in a case study
to three requirement documents of an aero engine control system.
The requirements revised using EARS templates were then analyzed
with the original requirements with regard to the criteria untestability,
inappropriate implementation, wordiness, duplication, omission, com-
plexity, vagueness and ambiguity and evaluated by an airworthiness
expert. The frequency of problems encountered was significantly lower
for all criteria for the requirements revised using the EARS templates.

Ibrahim et al. [85] used among others the boilerplates from Pohl &
Rupp as a basis to develop an extended set of requirement boilerplates
for the specification of functional and non-functional requirements. InBoilerplates support

the specification of
requirements

a case study for a healthcare system they evaluated these boilerplates
with the result that the boilerplates are especially helpful for beginners
to formulate requirements uniformly and that by using boilerplates
ambiguities and incomplete requirements can be reduced.

Denger et al. [31] describe a similar approach that uses naturalNatural Language
Patterns for

High-Quality
Requirements

language patterns to reduce inaccuracies in natural language based
requirements, especially in the context of embedded systems. They
define nine patterns for specifying functional and non-functional re-
quirements, events, reactions, computations, conditions, relationships,
exceptions, and patterns for special aspects. Listing 3.7 shows an
event pattern and an example for the instantiation of this pattern. The
instantiation still contains the roles of components in parentheses.

1 //Event Pat tern
2 <When | I f > ( con junct ion ) noun phrase (VARIABLE) verb (VALUE

CHANGE) { numeral a d j e c t i v e (VARIABLE VALUE) | noun phrase (
VARIABLE) }

3

4 //Example I n s t a n t i a t i o n
5 I f ( con junct ion ) the water pressure (VARIABLE) r i s e s above (VALUE

CHANGE) , the maximum value (VARIABLE) . . .

Listing 3.7: Sample of an event pattern defined by Denger et al. [31] and its
instantiation

Denger et al. [31] demonstrate the applicability of their natural
language requirement patterns by means of a case study in which
they rewrite an existing requirement specification from the field of
communication systems using their patterns. The validation of the ef-
fectiveness of these patterns showed that ambiguities, incompleteness
and inaccuracy in natural language requirements can be reduced.

Marko et al. [126] define a restricted requirement language (a CNL)Restricted
Requirement

Language
to support engineers in creating high quality requirements that are
syntactically correct, consistent, and uniform. Thus, they try to ensure
that a semi-formal notation recommended by the ISO 26262 [89] stan-
dard for the description of requirements for safety-critical systems
is provided. The described CNL reminds strongly of the boilerplates
of Pohl & Rupp [144]. Figure 3.9 shows the basic structure of the
restricted requirement language and an example.
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Basic Structure:
Precondition Part Main Part Restrictions

While state: ”standstill” and if parameter:
”clutch” is parameter_value: ”disengaged”,

the system: ”testequipment”
shall action: ”select”

parameter: “gear” quantity: “1”.
Example:

While <state> and if <condition>, the <system> shall <action> <parameter> <quantity>.

Figure 3.9: Restricted requirements language structure and example accord-
ing to Marko et al. [126]

The requirements language structure consists of three parts: precon-
dition part (optional), main part and restrictions. The precondition
part contains language patterns, such as “when” or “if”, to specify
conditions that must apply before an action is triggered. The main
part specifies the system and a specific function that has to be exe-
cuted. In the restriction part additional information for the function
to be executed can be specified, e.g., parameter or time constraints.
Variable parts of the boilerplate are marked by square brackets or in
the example in quotation marks. In addition, as shown in the example,
the placeholder types are explicitly specified before the variable com-
ponents followed by a colon, e.g., state, parameter, system or action.

In addition, there are other studies that investigate the advantages Advantages of
Requirement
Boilerplates

of requirement boilerplates. Kopczyńska et al. [112] confirm the ben-
efits of templates especially for non-functional requirements in their
laboratory experiment. Accordingly, non-functional requirements cre-
ated using requirement templates are more complete, more detailed,
contain fewer ambiguities and are better verifiable than non-functional
requirements created using the ad hoc approach. Furthermore, An-
uar et al. [2] examine in their Systematic Literature Review (SLR) the
contribution of boilerplates to improving the quality of SRSs. They
argue that while literature (e.g., [80, 144]) reports on the benefits of
boilerplates, empirical research examining this are limited. The re-
sults of their SLR show that boilerplates in particular contribute to
unambiguity, followed by conformity, completeness, accuracy and
reusability. Hence, boilerplates are considered useful to overcome
quality problems in SRSs and natural language based requirements.

Bock et al. [14] do not explicitly present boilerplates for the specifi- A Concept for
Creating CNLs for
Specifying
Requirements

cation of requirements, but a concept how CNLs and their implemen-
tation as DSLs can be used for the documentation of requirements in
the automotive industry. Accordingly, requirements are to be speci-
fied textually with the common automotive vocabulary and artifacts
can be generated from it, such as function models. According to
Bock et al. [14], the DSL used must adapt to the representation and
terminology of existing requirement documents and the style of the ed-
itors in order to keep the training effort low. Therefore, they propose a
concept that initially aggregates and structures unstructured informa-
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tion from documents, slides or ideas about a system to be developed.
This step is performed using manual transformations and parsing
techniques. The collected data is then transferred to a DSL, which
can then be used to generate artifacts. How exactly the information
is aggregated and how the DSLs for the specification of requirements
look in detail is not described. Only the draft of a DSL is shown.

Comparable investigations for the use of templates or boilerplates
for natural language test cases is not known, but could be promis-
ing. Therefore, Chapter 6 of this thesis describes how system-specific
templates for the documentation of natural language test cases can be
determined and in a controlled experiment it is investigated which
advantages this template-based approach offers compared to the con-
ventional natural language approach.

3.4 concluding remarks on the related work

In summary, the quality models described in Section 3.1 provide an
overview of existing approaches to quality assurance of test case speci-
fications and test cases. Especially the product quality model of the
ISO 25010 standard [93] and the quality model for test specifications
from Zeiß [194] are used in Chapter 5 for a comparison with the
quality model developed in this thesis. However, these models also
indicate that there are neither specific quality models related to the
automotive domain nor for natural language based test case speci-
fications. Therefore, in Section 3.2 individual quality characteristics
of test cases were considered and their application in the context of
quality assurance of automotive test case specifications was discussed.
In particular, the testing principles of Bowes et al. [16], the test case
qualities of Meszaros et al. [132], and the Natural Language Test Smells
(NLTSs) of Hauptmann et al. [77] are identified as quality properties
that are also applicable in the context of automotive test case specifi-
cations. Hence, they are considered in Chapter 5 for the creation of a
quality model.

At the end of this chapter, different formal languages for the specifi-
cation of test cases were discussed in Section 3.3 and it was shown that
there is a research gap regarding an automotive-specific controlled
natural language for the specification of test cases (see Figure 3.6).
In this respect, comparable established concepts from requirements
engineering (e.g., requirement boilerplates from Pohl & Rupp [144]
or Mavin [128]) were presented and their advantages were discussed.
This encourages the development of a template-based approach for
the specification of automotive test case specifications as presented in
Chapter 6 of this thesis.
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C H A L L E N G E S C O N C E R N I N G AU T O M O T I V E
T E S T C A S E S P E C I F I C AT I O N S

This chapter shares material with the Springer Software Quality
Journal open access article “Challenges Concerning Test Case Speci-
fications in Automotive Software Testing: Assessment of Frequency
and Criticality” by Juhnke et al. [104], which is licensed under CC
BY 4.01. Initial ideas have been presented at ICSE’18 [105] and
SEAA’18 [103]. © 2018 IEEE. Reprinted, with permission, from
Juhnke et al. [103].

In order to improve the quality of automotive test case specifications, it
is primarily necessary to identify challenges that contribute to quality
deficiencies in test case specifications. Therefore, this chapter presents
Contribution 1 of this thesis, which is the output from Activity 1 of
the DSR process (cf. Section 1.3) and comprises a taxonomy of test case
specification challenges and their evaluation in terms of frequency
and criticality.

First, known challenges related to test case specifications are ex-
tracted systematically from literature and summarized in Section 4.1.
Based on this and a conducted exploratory case study, the taxonomy
has been developed. The design of the study, its implementation and
the resulting taxonomy are described in Section 4.2. The identified
challenges were then assessed in a descriptive survey in terms of
frequency and criticality to underline their relevance. These results
are presented in Section 4.3. Based on the results from both studies
(Sections 4.2 and 4.3) objectives for the development of solution arti-
facts were defined according to Activity 2 of the DSR process. Hence,
Section 4.4 concludes this chapter with the presentation of objectives
for solving quality problems in automotive test case specifications.

4.1 known challenges with test case specifications

In this section, related work that address challenges related to software
testing in general and automotive software testing in particular is
discussed. This also includes existing work focusing specifically on
challenges of automotive test case specifications.

For general software testing challenges see Bertolino [10]. She
presents a road map of challenges that research in software testing
has to address, such as the assessment of test effectiveness or the
education of software testers. The focus is more on test techniques
than on challenges specific to test case specifications.

1 Creative Commons Attribution 4.0 International Public License (CC BY 4.0):
https://creativecommons.org/licenses/by/4.0/
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Garousi et al. [59] characterize challenges in software testing basedChallenges in
Software Testing in

Industry
on a survey of 105 testing practitioners from industry. The opinion of
the practitioners regarding existing challenges was obtained according
to nine test activities. Thereof, the test activities test-case design, test
scripting and test tools refer to activities in the test analysis and design
phase (cf. Figure 2.2, Page 21) and thus to the research focus of this
thesis. While test-case design and test scripting were rated as rather
not challenging, practitioners perceived a need for research activities
in the development of better tool support for different test activities.
With regard to the three mentioned test activities relevant to this thesis,
the following challenges recorded by Garousi et al. [59] are interesting:
quality of requirements impact quality of test-case design, correlation
between domain knowledge and tester skills, need for training for
various test activities, manual test cases are often too long or do not
contain necessary details, tracing from requirements to test cases with
a meaningful metric, documentation issues on explorative testing, and
the need of better tool support.

The review of related work in software testing especially in the
automotive domain reveals that research in this area is dominated by
methods and tools developed for model-based testing [60, 141, 171]. In
addition, it is also evident that there is a lot of research activity when
it comes to test automation and tools in the automotive domain [109,
141]. For example, this is impressively demonstrated by Kasoju et
al. [109], who collected 15 sources for solving challenges related to
the lack of automation for test case generation. These approaches are
mainly related to lower integration levels (e.g., model or software
integration tests, cf. test level definition in Section 2.1.2), which are not
in the focus of the research in this thesis. In contrast, higher integration
levels, such as system integration tests or validation based on vehicle
prototypes, are considered less frequently [17, 166].

There is a need to better understand challenges in the domain of
automotive software testing, in particular in relation to entire vehicle
and system integration testing. However, only a few reports exist on
how software test processes are performed in the automotive indus-
try, whereby test case specifications are considered only marginally.
Challenges in automotive software testing are influenced in partic-Challenges in

Automotive Software
Testing

ular by the characteristics of the automotive domain [71, 109, 145,
166]. Grimm [71] mentions the control of the increasing complexity of
software-based systems as a core challenge. He highlights the impact
on integration and testing of complex systems as a major challenge.
Due to the distributed development of a system [71, 145], the maturity
of the requirements specification as well as integration and testing
aspects must be considered. Pretschner et al. [145] consider the huge
number of variants and configurations within the software as challeng-
ing. They point out that an elaborative design and test methodology
is required to handle this challenge. Furthermore, the heterogeneous



4.1 known challenges with test case specifications 71

nature of software depending on the different domains in automotive
engineering (e.g., powertrain, body, chassis, infotainment, or safety
electronics), mentioned in Pretschner et al. [145], also poses a chal-
lenge. This requires skills from various disciplines for test case design.
The influence of the domains on the development of control devices
implies influences on testing. Moreover, Grimm [71] and Broy [20]
mention that a seamless chain of methods and tools supporting the
whole development cycle from requirements specification to integra-
tion and testing is missing. Frequently, each domain and in some cases
each division has its own processes, methods and tools. Kasoju et
al. [109] in particular emphasize the lack of a uniform test process.

Challenges focusing on the entire automotive test process have Challenges Focusing
on the Automotive
Test Process

already been addressed by several researchers [109, 166]. Kasoju et
al. [109] studied challenges within the entire automotive testing pro-
cess with the aim of helping an organization to improve its process.
They identified ten areas of challenges: (1) organizational and process
related issues, (2) time and cost constraints for testing, (3) requirement
related issues, (4) resource constraints for testing, as well as issues
related to (5) knowledge management, (6) communication, (7) testing
techniques and tools, (8) quality aspects, (9) defect detection, and (10)
documentation. They stated that the identified challenges are more or
less related to test or project management issues. For instance, eight
out of ten challenge areas are assigned to a process area that refers to
management topics. Although it is a very comprehensive view on the
test process, they have not explicitly examined challenges related to
test case specifications. With respect to the research focus in this thesis,
there are especially correlations with the challenge area (10) documen-
tation related issues, where test cases are not continuously updated.

Sundmark et al. [166] focus on system testing in the automotive
release process and identified challenges related to integrating system
testing activities into the release process. They highlight the need for
detailed identification of areas with improvement potential. Identified
challenges relate to change requests that are included late in the
release process, difficulties in defining exact responsibilities of the
different test levels, lack of measurements for process analysis (due
to heterogeneous tools), increasing complexity, and the increasing
number of variants leading to test case explosions.

A more detailed view of challenges related to test case specifications Experience from
Industry concerning
Test Case
Specifications

is provided by Lachmann et al. [117] in an experience report. They
describe challenges focusing on testing driver assistance systems:
missing test plan, safety requirements and the resulting enormous test
effort as well as unstructured test case design. The latter challenge
comprises problems regarding missing requirement specifications,
undefined coverage criteria, or a lack of knowledge regarding test case
derivation methods. Lachmann et al. [118] outline further challenges
with respect to natural language specifications that can influence the
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comprehensibility (e.g., due to non-defined abbreviations). They also
mention problems in the tool-based detection of redundancies for
natural language based test cases because natural language processing
algorithms are insufficient.

In summary, the presented related work points out some challengesSummary of Known
Challenges that are associated with test case specifications. These challenges are

summarized into 25 challenges from related work (CRW01 – CRW25)
and shown together with the corresponding references in Table 4.1.

Table 4.1: Overview of challenges concerning test case specifications, ex-
tracted from related work, by Juhnke et al. [104] (CC BY 4.0)

ID Challenges References

CRW01 Increasing complexity of software-based systems influences testing [71, 145, 166]

CRW02 Huge number of variants and configurations (test case explosion) [71, 145, 166]

CRW03 Enormous test effort (especially due to safety requirements) [117]

CRW04 Heterogeneous nature of software depending on the different domains [145]

CRW05 Quality of requirements impact the quality of test-case design
(e.g., due to insufficient or incomprehensible requirements)

[59, 109]

CRW06 Missing test plan (and thus undocumented test strategy, test coverage
criteria, etc.)

[117]

CRW07 Correlation between domain knowledge and tester skills (when developing
test cases based on human expertise, the quality of the test cases depends
on the knowledge of the tester)

[59]

CRW08 Lack of domain and system knowledge transfer
(e.g., if testers personnel changes frequently)

[109]

CRW09 Lack of basic testing knowledge [109]

CRW10 Need for training for various test activities [59]

CRW11 Lack of traceability between requirements and test cases makes it hard to
determine test coverage

[109]

CRW12 Lack of a meaningful metric regarding traceability [59]

CRW13 Poor change management (e.g., test artifacts are not updated continuously) [109, 166]

CRW14 Lack of a structured test process and lack of a seamless chain of methods [71, 109]

CRW15 Difficulties in defining the exact responsibilities of different test levels [166]

CRW16 Lack of dedicated testers or unavailability of personnel for testing [109]

CRW17 Distributed development of a system (e.g., involvement of different sup-
pliers in the development and test process)

[71, 145]

CRW18 Lack of regular face-to-face meetings (to avoid miscommunication) [109]

CRW19 Differences of opinion regarding test effort distribution [166]

CRW20 No unified tool for entire testing activities [20, 71, 109, 166]

CRW21 Lack of documentation on how tools work [109]

CRW22 Need of better tool support [59, 71]

CRW23 Natural language based test cases influence comprehensibility [118]

CRW24 Manual test cases are often too long or do not contain necessary details [59]

CRW25 Documentation issues on explorative testing [59]

http://creativecommons.org/licenses/by/4.0
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In particular, Garousi et al. [59] presents an overview of testing
challenges related to several test activities, but those are not specific
to the automotive domain. Challenges specially related to automotive
software testing have been mentioned in related work by Kasoju et
al. [109] for the entire test process and by Sundmark et al. [166] re-
garding the system release process. In all conscience, there is no other
empirical study investigating challenges associated with the creation
and further processing of test case specifications in automotive soft-
ware testing. Especially challenges related to the understanding of
test case descriptions were insufficiently considered in related work.
However, this aspect is important in order to understand how test
cases have to be described so that in a distributed development en-
vironment (involving different test designers, testers and suppliers),
misunderstandings can be avoided. The only publication [118] address- Lack of Research on

Challenges with Test
Case Specifications

ing those challenges in automotive software testing is an experience
report which is not based on an empirical study. However, what is
lacking so far is a more comprehensive examination of the challenges
concerning test case specifications.

4.2 taxonomy of test case specification challenges

In order to investigate challenges concerning test case specifications
from a practitioner’s point of view, an exploratory case study [148] was
conducted. Therefore, the applied research methodology is described
in Section 4.2.1 and the identified challenges are presented in detail
in Section 4.2.2. Finally, the results of the study are summarized in
Section 4.2.3 including an overview of the individual challenges with
the consequences and solutions named for each challenge.

4.2.1 Research Methodology

In the following, the formulated research questions are presented
and the design of the exploratory case study [148] as well as data
collection and data analysis are described. In addition, threats to
validity are discussed.

4.2.1.1 Research Questions

The study is based on the following two research questions:
RQ1.1: What are current challenges in practice concerning test case speci-

fications in automotive testing?
This research question focuses on the typical life cycle of a test case

specification. Usually test case specifications are written by a test de-
signer and afterwards concrete test cases are implemented or executed
manually by a tester. Test designers and testers are usually different
people, as illustrated in Figure 1.1 (Page 2), but they don’t have to be.
Between these activities of creating and processing a test case specifi-
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cation, quality assurance activities can exist to improve the test case
specification. For example, reviews can be used to detect incomprehen-
sible or faulty test cases or to determine the requirements coverage. In
the case of a high-quality test case specification, the tester as the “con-
sumer” of a test case specification should have few queries about the
contained test cases and the implemented test cases should test what
the test designer intended to test. Hence, it is suspected that the chal-
lenges occur particularly in the areas of: (C) creation, (P) processing,
and (Q) quality assessment related aspects of test case specifications.
Therefore, the availability and quality of the input artifacts used as
well as the phrasing of test cases (C) are considered. Furthermore,
the focus is on identifying challenges related to negative effects in
downstream development activities based on decisions and faults that
occurred during the creation of test case specifications (P). Challenges
related to the understanding of high-quality test case specifications
are examined as well as which quality criteria and mechanisms are
already in use or could be useful to improve quality (Q).

RQ1.2: Which causes and consequences of the challenges are the practi-
tioners aware of and which solutions exist?

This research question supplements research question RQ1.1. It is
interesting to know what causes and consequences practitioners are
aware of. This makes it possible to estimate the extent of a problem
and, if the causes are known, to develop suitable solutions. In addition,
solutions proposed by the practitioners are considered. Such insights
are interesting because existing solutions may also be applicable to
other practitioners or can be applied to other situations.

4.2.1.2 Study Design

The goal of the exploratory case study is to identify challenges con-Exploratory Case
Study cerning automotive test case specifications from a practitioner’s point

of view. Specifically, the case that is considered is Daimler and its engi-
neering partners. Therefore, semi-structured interviews [148] were con-Semi-structured

Interviews ducted with test managers, test designers and testers. This method [37]
was selected to get insights into the examined topic and to identify
problems to be studied related to research questions RQ1.1 and RQ1.2.
An interview guide2 for the semi-structured interviews was designed
based on some initial open-minded interviews, literature review (cf.
Section 4.1), and a manual analysis of existing test case specifications
(cf. Juhnke et al. [106]).

4.2.1.3 Data Collection

The study was conducted with employees of Daimler and three differ-17 Practitioners
Participating ent engineering partners. The interview participants were selected due

to their involvement in the test process. In order to obtain multiple

2 The interview guide used in the interviews is attached in Chapter A of the appendix.
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different points of view, participants with various roles from eleven dif-
ferent departments were selected. This means, they all dealt with test
case specifications but for different systems under test, e.g., exterior
light, remote start, central locking, parking assistant, power manage-
ment network, electric drive, comfort systems, preventive safety sys-
tems, or powertrain-related systems. Each interview lasted for around
90 minutes. With permission of the participants, the interviews were
recorded and transcribed. Overall, 17 participants were interviewed.

Table 4.2 summarizes the characteristics of the interviewees. Par-
ticipants assigned themselves to one or more areas of responsibility: Most Participants

Review or Create
Test Case
Specifications

(C) creating test case specifications (12 interviewees), (D) delegating
the creation of test case specifications to suppliers (10 interviewees),
(R) reviewing test case specifications (14 interviewees) and (I) imple-
menting test case specifications (7 interviewees). In addition, they
assessed their testing expertise themselves, based on the five-stage
model of Dreyfus [38]. They assigned themselves into the category
of beginner (Level 1), advanced beginner (Level 2), competent practi-
tioner (Level 3), experienced practitioner (Level 4), or expert (Level 5).
On average, the interviewees rated themselves as more experienced
practitioners in terms of their testing expertise (Median = 4, N = 17).

Table 4.2: Overview of the interviewees [103] © 2018 IEEE

Rolea Company Testing Responsibilitiesc Label

Affiliation Expertise C D I R

(Years) (Levelb)

System Manager < 3 3 X X Int01

Test Manager 3 – 5 4 X X X Int02

Test House Manager 11 – 25 5 X Int03

Test Manager 3 – 5 4 X X X Int04

Function Developer 3 – 5 2 X X X X Int05

System Manager < 3 4 X X Int06

Function Manager 3 – 5 3 X X Int07

Test Manager 11 – 25 4 X X Int08

Function Developer 11 – 25 4 X X Int09

Project Manager (S) 6 – 10 4 X X X Int10

Test Manager (S) < 3 4 X X X Int11

Test Manager < 3 2 X X Int12

System Manager 6 – 10 3 X X Int13

System Manager < 3 3 X X X Int14

Test Manager 11 – 25 3 X X X Int15

Tester (S) 6 – 10 4 X X X Int16

Tester ¥ 26 3 X X X Int17

a Suppliers/External Employees are marked by (S)
b Expertise Levels: (1) Beginner, (2) Advanced Beginner, (3) Competent Practitioner,

(4) Experienced Practitioner, (5) Expert
c Responsibilities: (C) Creating, (D) Delegating, (I) Implementing,

(R) Reviewing Test Case Specifications
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4.2.1.4 Data Analysis

The analysis of the interview data is based on a qualitative content anal-
ysis according to Seaman [154] and Runeson et al. [148]. The coding ofQualitative Content

Analysis the data was performed using the three main coding activities based
on Strauss et al. [165]: open coding, axial coding, and selective coding.
Open coding generates categories using conceptual codes. This was
done by highlighting noteworthy statements and assigning a code.
The relationships between the concepts and their subcategories were
identified during the axial coding. For this purpose, the conceptual
codes were supplemented by a classification into cause, consequence,
current solution, or desired scenario. Finally, nine main categories
were defined in the selective coding phase.

4.2.1.5 Threats to Validity

In the following, threats to validity are discussed according to the
four threat aspects provided by Runeson [148]. To increase constructConstruct Validity

validity, attempts were made to avoid a biased selection of interviewees
by considering various systems, roles and testing knowledge for the
selection of interviewees as well as a sufficient number of interviewees
participating in the study (see Table 4.2). At the beginning of the
interview, the study goal was explained to the interviewees in order to
avoid misunderstandings. Further, to obtain detailed results and avoid
interpretations of the answers to the research question, the interview
questions are based on the formulated research question. In addition,
to reduce the restraint of the participants, the data was anonymized.
The interview guide was reviewed by five persons and subsequently
adapted and refined as a result of a pilot interview to improve theReliability

reliability. The anonymized interviews were literally transcribed by
students and reviewed to minimize influences of the researcher and
to remove transcription errors. The conceptual codes were reviewed
in pairs by two researchers. Everyone got familiar with the data ma-
terial and used the developed coding system. The results were then
discussed with three external researchers and the coding system was
iteratively refined. It might not be possible to generalize the findings of
the case study to automotive software engineering in general to other
OEMs and suppliers. However, with respect to external validity inter-External Validity

viewees from eleven independent internal departments and external
suppliers who also work for other OEMs were deliberately selected.
Hence, it can be assumed that some of the results are generalizable to
a certain extent.

4.2.2 Identified Challenges

In this section, the results of the exploratory case study and the qualita-
tive data analysis are presented in order to answer RQ1.1 and RQ1.2.
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Table 4.3 gives an overview about the categories (M1 – M9) and the
related Types of Challenges, such as ToC-1.1. In addition, the numbers
of the corresponding concrete challenges (C01 – C92) are assigned to
the respective main categories and types of challenges.

Table 4.3: Taxonomy of test case specification challenges by Juhnke et al. [104],
used under CC BY 4.0

ID Main Categories (M) / Types of Challenges (ToC) Challenge

Numbers

M1 Availability Problems with Input Artifacts C01 – C05

ToC-1.1 Non-existing Input Artifacts C01 – C03

ToC-1.2 Distributed Input Artifacts C04

ToC-1.3 No Access to or Provision of Input Artifacts C05

M2 Content-related Problems with Input Artifacts C06 – C17

ToC-2.1 Content-related Problems with Requirement
Specifications

C06 – C11

ToC-2.2 Content-related Problems with Test Plan C12 – C15

ToC-2.3 Conformity of Test Case Specification Template with
User Needs

C16

ToC-2.4 Content-related Problems with Other Input Artifacts C17

M3 Knowledge-related Problems C18 – C24

ToC-3.1 Lack of Knowledge about the System Under Test C18

ToC-3.2 Lack of Knowledge about Test Platforms C19, C20

ToC-3.3 Lack of Knowledge about Testing Policies C21 – C24

M4 Test Case Description related Problems C25 – C55

ToC-4.1 Language-based Problems in Test Cases C25, C26, C33

ToC-4.2 Phrasing-based Problems in Test Cases C27 – C32

ToC-4.3 Quality-based Problems in Test Cases C34 – C55

M5 Test Case Specification Content-related Problems C56 – C58

ToC-5.1 Handling of Variants and Model Series C56, C57

ToC-5.2 Focusing on Specific Test Platforms C58

M6 Process-related Problems C59 – C70

ToC-6.1 Lack of Standards or Guidelines C59 – C63

ToC-6.2 Change Management related Problems C64

ToC-6.3 Organizational Decisions C65 – C70

M7 Communication-related Problems C71 – C77

M8 Quality Assurance related Problems C78 – C86

ToC-8.1 Inadequate Definition of the Term Quality C78, C82,

ToC-8.2 Lack of Useful Metrics C79, C80, C83

ToC-8.3 Lack of an (established) Review Process C81, C84 – C86

M9 Tool-related Problems C87 – C92

ToC-9.1 Usability and Function-related Problems C88, C89, C91

ToC-9.2 Heterogeneous Tool Chains C87, C90

ToC-9.3 Deficiencies with the Support C92

http://creativecommons.org/licenses/by/4.0
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In the following, one of the nine main categories (see Table 4.3)
is presented per subsection with the associated Types of Challenges
(ToCs), which are described by means of problems/aspects (printed
in bold) stated in the interviews and related to the results of the
selective coding. In addition, the identified problems and their causes
are illustrated by statements from the interviewees. In some cases,
interviewees described consequences arising from challenging aspects
or solutions that have already been put into practice.

4.2.2.1 Availability Problems with Input Artifacts (M1)

Category Definition. This category groups challenges related to inputInput artifacts
include all

documents required
to create a test case

specification

artifacts that do not exist or are not available in time or in the required
maturity. Furthermore, this includes distributed information or docu-
ments (e.g., stored in different systems or databases), or relevant input
artifacts for which access is missing or not provided.

non-existing input artifacts (toc-1 .1) Interviewees reported
that for requirement-based testing the specifications are often not
available (in time): “In my opinion, it is also one of the most importantC01: Requirement

Specification does
not Exist

C02: Requirement
Specification does
not Exist in Time

challenges that the whole left side of the V-model has to be in a correspond-
ing quality and it is usually NOT. It is also one of the biggest problems in
my opinion that I have to test something with non-existent requirements.”
(Int10|Project Manager) In addition, documents that supplement the
requirements may not be up to date, for example the definition of
signals in the vehicle network.

Therefore, test designers are forced to create test cases based on
previous and out-of-date requirements, or test cases have to be written
later, which can lead to a delay of the project. To handle missing
signal names, temporary placeholders are used, but this leads to a
considerable post-processing effort: “So right now, we’re using dummies
instead of the actual signals. And these signals can then only be tested once
we have the real signals.” (Int05|Function Developer) “So, we also have
to completely rewrite the test and system requirements specifications and
supplement the signals.” (Int02|Test Manager)

The lack of test plan has also been mentioned as a significantC03: Test Plan does
not exist challenge: “The test cases were written, when there was no test plan.”

(Int07|Function Manager) The study showed that this phenomenon
is due to a lack of resources (e.g., time), or lack of knowledge about
the relevance of a test plan: “This is some standard document, where we
don’t put work in. Personally, I think it’s silly. ... I don’t even know what is
actually written in such a test plan.” (Int01|System Manager) “We don’t
have something like that. ... According to ISO 26262 we have a classification
of QM and thus we work a bit more free and leave a few aspects away, which
would actually be very useful in hindsight, but due to a lack of time are not
done then.” (Int13|System Manager)
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Missing test plans lead to inefficient, highly redundant testing across
multiple test platforms, insufficient utilization of test platforms, in-
creasing test effort and costs: “The result is that you may have redundant
tests. I may have a test case for a HiL test platform and somehow later in a
slightly different form for a vehicle test platform, and so on. So, that’s why
there may exist redundancies.” (Int13|System Manager)

This challenge is treated with a rudimentary standard test plan,
which can still lead to an increased or insufficient testing effort. Some
interviewees mentioned that they want to commission test plans in
the future. This requires a deep knowledge of the supplier about the
available test platforms, which is not common.

Seven external and internal interviewees, including Test House,
Function, System, and Test Managers, remarked that a test plan would
be helpful for creating the test case specification and improving the
test process: “If a system manager thinks about this from the beginning -
where do I test which content - and then of course takes our test platform into
account, we would have gained a lot.” (Int08|Test Manager)

distributed input artifacts (toc-1 .2) Requirements or addi-
tional information necessary to understand the system specifications
are stored in a distributed manner using different tools (e.g., IBM C04: Information

and Documents are
Distributed

DOORS, MS Excel, MS Word): “I also received Excel lists from colleagues
as input for creating the test case specification, because certain contents
were defined in an Excel list.” (Int03|Test House Manager) Hence, test
designers are forced to collect this information: “I would like to see
requirements all written in the same tool at our company ... I have to find
and put them together.” (Int15|Test Manager)

Attempts have been made to enrich the specifications with necessary
additional information: “All possible figures ... which were partly included
in the specification, but we also have many overview figures as PDF files.”
(Int01|System Manager) Interviewees often expressed that it would
be helpful to reduce the number of possible sources or to standardize
them. But due to the complexity and size of the systems to be devel-
oped, it will be difficult to combine everything in a single document.

no access to or provision of input artifacts (toc-1 .3)
Interviewees mentioned that specifications contain references to other
specifications or to parts within the specification to which they have C05: No Access to

Relevant Documentsno access: “Well, we already have the classic additional applicable documents.
But we usually only get the system part from the requirement specification
and not the complete requirement specification. If there are links in it, then
we have trouble dealing with them.” (Int11|Test Manager) This is often a
problem in cooperation with suppliers, but was also observed during
the interviews between departments of the same company. The result-
ing information gaps lead to a poorer system understanding and to
incorrect or incomplete test cases.



80 challenges concerning automotive test case specifications

Interviewees mentioned that if the lack of access rights exists for
technical reasons, data is provided manually: “Sometimes I’ve to extract
files explicitly and provide these files to them [the supplier], because they
can’t access them.” (Int01|System Manager) However, this can lead to
poorer traceability between test cases and test basis documents.

Interviewees expressed uncertainties about what information they
were allowed to provide to a supplier: “This is a difficult issue ... when
I explain something to a supplier, I always have to be careful what in-
formation I share with him and what I don’t.” (Int14|System Manager)
If an insufficient amount of information is provided, suppliers are
encouraged to clarify ambiguities through communication (e.g., time-
consuming workshops).

4.2.2.2 Content-related Problems with Input Artifacts (M2)

Category Definition. This category summarizes challenges related to de-
fects in requirement specifications and test plans as well as challenges
with the used test case specification template and other input artifacts.

content-related problems with requirement specifica-
tions (toc-2 .1) The interviewees highlighted different types of
defects in requirement specifications which frequently occur: miss-Deficiencies in

Requirements:
C06–C11)

ing, obsolete, changing, incomplete or conflicting requirements. These
errors make it difficult writing a high-quality test case specification.
The risk of containing outdated requirements is high because typically
functions from previous model series are copied and changed.

With regard to the testability rating of requirements, intervieweesC07: Incorrect
Requirements Exist cited the incorrect or missing classification of requirements as a chal-

lenge for creating a test case specification: “For example, filling in the
attribute for the testability: I believe everybody does it a little bit by gut
feeling ... I would say that it is not yet specified up to 60% of the cases.”
(Int11|Test Manager) If the testability of a requirement has not been
evaluated, then it could not be tested or is incorrectly tested. This can
lead to an increased testing effort, because the testability had to be
determined later for the affected requirements.

In order to clarify incomplete or conflicting requirements, testC08: Conflicting
Requirements designers must communicate with the responsible persons: “I’m then

dependent on the response from a system or component manager.” (Int03|Test
House Manager) In the worst case, uncertainties in the specification
are identified for the first time during test execution.

Furthermore, interviewees mentioned the increasing system com-
plexity and size and its impact on testing: “Often, system specifications
have grown greatly in the past. This makes the creation of a test specifica-
tion difficult.” (Int06|System Manager) This is due to a large scale of
functions and the corresponding number of requirements (e.g., over
6.000 requirements for only one system) as well as the constraint that
each requirement has to be tested and linked with the corresponding
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test case: “Then you have to link a thousand times.” (Int02|Test Manager)
Interviewees cited that increasing complexity makes it more difficult
to understand the requirements without additional information.

C12/C13: Test Plan
is too
General/Extensive

content-related problems with test plans (toc-2 .2) In-
terviewees named the creation of a high-quality test plan as challeng-
ing: “It is always a challenge to create a test plan.” (Int02|Test Manager)
Reasons for this are a lack of description of the procedure for creating
a test plan or the difficulty of decomposing the system under test into
smaller testable units. This requires a deeper understanding of the
requirements, as there are requirements that can result in multiple test
cases for different test platforms.

Consequences associated with a low-quality test plan are similar C14: Insufficient
Description of the
Test Object
C15: Undefined Test
End Criteria

to those of a missing test plan as mentioned in Subsection 4.2.2.1:
increased test effort, inefficient or incorrect usage of test platforms. In
addition, it is often observed that the test plan is not taken into account:

“The influence of the test plan is very, very limited. It is practically not used.”
(Int09|Function Developer) The decomposition of the function, the
assignment of variants and the assignment to test levels do not take
place until the test case is created.

conformity of test case specification template with

user needs (toc-2 .3) Another challenge is that an all-encompass-
ing test case specification template does not meet all user needs due C16: Template does

not fit
project-specific
Requirements

to the heterogeneous nature of software depending on the different
domains in automotive engineering. The influence of the domains on
the development implies influence on the testing. For example, inter-
viewees complained about the large number of attributes to be filled
when using an all-encompassing template: “Because it is very bloated ...
the template also contains more than I actually need.” (Int13|System Man-
ager) “There are certain columns that make sense and others I fill because I
have to.” (Int14|System Manager)

Furthermore, there are different needs of how test cases and in par-
ticular test case metadata have to be specified. This includes support
of multilingual test cases. For example, “a test case ... has two language
tracks. That means, ... a German and an English version directly next to
each other.” (Int08|Test Manager) This is particularly important for test
cases that are used worldwide, such as acceptance test cases that are
executed at the end of production in various production plants.

Another point is the possibility of reusing different parts of a test
case, such as preconditions or configurations. “In our case the reactions
[expected results] are often very similar, but ... are executed differently de-
pending on different environmental parameters. ... In the end, we’ve a very
high copy & paste effort when it comes to the reactions, which are always
the same.” (Int06|System Manager) By defining reactions globally and
linking them to corresponding test steps, the reuse of parts of a test
case would be possible. Preconditions are already reused in this way.
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In addition, interviewees mentioned the large number of test cases
whose sequence is fundamentally identical but only differs in indi-
vidual variables as challenging. “What I miss ... is that I can work with
parameters. ... It’s always ... hard coded. For example, I’ve a coding parameter
and I know I’ve to test it with values from 5 to 50. Then I’ve ... 49 test steps
that I actually have to write down.” (Int10|Project Manager) This could
be avoided by parameterizing test cases, which would reduce the
number of test cases to be written: “And there is the consideration ... that
I add a parameter module in which I define the value range and step size
etc. ... and then it [the concrete test cases] will be generated automatically
afterwards.” (Int10|Project Manager)

It can be observed that in most cases the template was modified
to support system or project-specific needs, sometimes without con-
sidering compatibility to the downstream tool chain. For example,
attributes are added or their value range is supplemented in the
context of variant and model series management. Interviewees empha-
sized the necessity of documenting the testing purpose and the origin
of the test case (e.g., requirement, lessons learned, experience-based).

Based on these statements of the interviewees, the following sig-
nificant challenges that a test case specification template has to deal
with are summarized: parameterization of test cases, managing model
series, variants, test data, reusable parts of a test case (e.g., precondi-
tions, configurations) and supporting multi-language (e.g., German
and English) test cases. In addition, it should be possible to customize
the template to system or project-specific needs while still keeping
compatibility to the testing tool chain.

content-related problems with other input artifacts

(toc-2 .4) In addition to content-related problems with requirement
specifications or test plans, content-related problems with other input
artifacts also pose challenges to the error-free creation of test case
specifications. This applies, for example, to the reuse of test cases
from previous versions of a test case specification: “This [errors in testC17: Influences due

to Faulty Previous
Test Cases

cases due to reuse] occurs when previous test case specifications are copied
and modified. The old test cases contain the wrong signal names, which
are no longer valid for the current system.” (Int05|Function Developer)
Interviewees also mentioned the continuous revision of the Network
Communication Description (NCD) as challenging. As a result, test
cases often contain incorrect or obsolete signal names.

To avoid outdated signal names in test cases, parameters are used,
for example: “We do not write signal names in the specifications. We link
to a parameter list.” (Int06|System Manager) Signal names and other
variables are managed in a separate parameter module, which means
that the test case specification does not have to be explicitly adapted
in the event of changes.
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4.2.2.3 Knowledge-related Problems (M3)

Category Definition. This category points out challenges related to a
lack of knowledge in terms of system understanding, test platform
functionalities, guidelines for testing, and deficiencies in consulting,
training and documentation.

lack of knowledge about the system under test (toc-3 .1)
Interviewees highlighted the inadequate understanding of the SUT C18: Insufficient

Knowledge about the
SUT

as a major source of errors in test case specifications, which can often
be observed with new and inexperienced colleagues or suppliers: “It’s
common to get the impression from external parties that system understand-
ing is missing.” (Int14|System Manager) This concerns different roles.
On the one hand, if the test designer has no knowledge about the
SUT, it can lead to errors in test cases: “Then test cases were developed,
about which we said: ’Ok, this would not work at all in the real vehicle’.”
(Int04|Test Manager) On the other hand, testers can implement a test
case incorrectly because they have misinterpreted it: “The test cases were
misinterpreted ... and the implementation was simply wrong.” (Int01|System
Manager) Moreover, a reviewer of a test case specification without
a deeper system understanding can tend to neglect semantic checks:
“It’s more likely to only check formal criteria ... but do not really look at the
content anymore.” (Int03|Test House Manager)

Therefore, interviewees with different responsibilities in the test
process mentioned that test designers, testers and reviewers should
have a comprehensive understanding of the system to better design
and understand test cases: “I think that the reviewer should have a deep
understanding of the system.” (Int03|Test House Manager) As a possible
solution to fill knowledge gaps and to establish a common understand-
ing about the SUT, the organization of workshops with all relevant
participants was mentioned.

lack of knowledge about test platforms (toc-3 .2) An-
other challenge arises from the lack of knowledge about the function- C20: Insufficient

knowledge about Test
Platform
Functionalities

alities of test platforms, which have an impact on creating test case
specifications: “I don’t know how to test [using the test platform], so I can’t
write a meaningful test case specification at all.” (Int03|Test House Man-
ager) Interviewees also cited the lack of overviews of test platforms C19: Insufficient

Knowledge about
Available Test
Platforms

as challenge: “I have no idea what kind of test levels and test platforms we
have.” (Int15|Test Manager)

These challenges can lead to a suboptimal assignment of test cases
to test platforms and late error detection because test cases were only
tested in the vehicle in a late test phase although earlier test phases
would have been more suitable. To handle these challenges, testers or
testing departments try to explain functionalities of a test platform by
means of example test cases: “We wrote test cases, showed him [the test
designer] this, and he then said, ’Yes, I understand how you work, how you
need it!’” (Int03|Test House Manager)
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lack of knowledge about testing policies (toc-3 .3) In-C21: Insufficient
Knowledge about

Testing Guidelines
terviewees mentioned that (internal) testing policies do not exist
or the existing ones are rarely used. Reasons for this are unknown
sources of information, missing of a reference process, guidelines or
examples. Finding relevant information is classified as difficult by the
interviewees: “Yes, I basically find it hard to find things ... Usually you
either have to know where to find something or you know the people who know
it.” (Int14|System Manager) Moreover, a majority of the interviewees
stated that due to lack of time, they do not have the opportunity to
read huge manuals.

To meet this challenge, the intuition and profound knowledge of a
test expert was highlighted as a necessary success factor for efficientC23: Lack of

Consulting/Contact
Person

testing. In particular, test designers want one-sided instructions, con-
tinuous and short refresher courses, newsletters or an expert hotline.

C22: Lack of
Training on Test

Case Specifications
C24: Insufficient

Documentation of
the Template

A cross-departmental reference process and control authorities that
verifies compliance with established testing guidelines have been de-
scribed as helpful and even necessary: “I do not know any guidelines.
Unfortunately not. It would be good if there were such guidelines, because
then we could benefit from them.” (Int08|Test Manager)

4.2.2.4 Test Case Description related Problems (M4)

Category Definition. This category addresses challenges related to the
phrasing of test cases and influences by the language used. These
challenges relate in particular to the description of the test steps with
the individual actions and expected results. It also covers various
quality characteristics of a test case such as completeness, reusability,
comprehensibility, consistency and unambiguity.

language-based problems in test cases (toc-4 .1) Trans-
lation and spelling errors have been mentioned by interviewees asC25/C26:

Translation/Spelling
Errors in Test Cases

common examples of language-based problems.
This challenge can lead to false test cases, whose meaning differs

from the original test case: “We still write a lot in German and our Indian
colleagues use Google Translate, which works quite well for standard text but
not for technical text. This also means that, of course, incorrect translations
are made and then, accordingly, wrong test cases are created.” (Int10|Project
Manager) A wrong spelling or even a missing letter can lead to aC33: Typing Errors

in Test Cases fundamentally different meaning. For example ’driving at a speed of
10 m/h’ would be pretty slow and hopefully the tester would notice.

Interviewees stated that using more formal approaches (e.g., de-
scribing a sequence of signal changes on the network) reduces the
risk of translation errors: “But thank God, we are often on the signal level.
There it works.” (Int05|Function Developer) Signal level means that the
description of the test cases is based on simple assignment operators.
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phrasing-based problems in test cases (toc-4 .2) Inter- C27: Several
Authors are Working
on a Test Case
Specification

viewees mentioned the phrasing of test cases as one of the most
important challenges. It depends on the test designer how a test
case is specified and documented (e.g., full sentences vs. short bul-
lets and abbreviations), which is a challenge when several different
authors write a test case specification: “You can see the writing style.”
(Int01|System Manager) “The biggest challenge is to find a common style.”
(Int04|Test Manager)

These variations of phrasing can lead to ambiguities and misunder-
standings during test implementation: “Misunderstandings, definitely
yes. I think, it is not a problem in the test case creation, but actually in
the test execution.” (Int10|Project Manager) Besides, excessive use of C29/C30: Use of

(undefined)
Abbreviations
impairs
Comprehensibility

abbreviations can impair the comprehensibility and readability of test
cases, if glossaries are not used: “Abbreviations can be misunderstood.”
(Int11|Test Manager) Writing test cases in a uniform way is preferred
by test designers and testers, but this requires a lot of discipline when
creating test cases. For this reason, test designers often work with copy
and paste or unify test cases retrospectively, which means increased
workload: “In the end, I revised the test cases to unify them.” (Int13|System
Manager) “I’ve defined a vocabulary within my test case specification. And
that is what I use. Because many of the steps are actually the same, I copy
a lot. This gives me a vocabulary for my own system or for my test case
specification.” (Int16|Tester)

In addition, the specification of natural language test cases is also C28: Phrasing of
Test Cases in
Natural Language
can lead to
Misunderstandings

considered a challenge due to insufficient and ambiguous test case
descriptions: “I find a test case bad, if too much prose is in it and you
first have to start to disassemble it. ... I find it difficult to get an overview.”
(Int06|System Manager) “If I have such a long description, I’d need to actu-
ally underline the core statements during reading.” (Int11|Test Manager)

Furthermore, describing test cases in a very abstract manner was C31: Abstract Test
Case Description
lead to Inaccurancies
in Test Cases

mentioned as a challenge. This case occurs when test cases have been
developed in such a way that they can be used generically for several
test platforms: “We also have some very nasty constructs, for example ONE
test case for MiL, SiL, C-HiL AND Vehicle. We have to fix that. ... That’s
rather BAD, because we have time dependencies. MiL, SiL is very much at
the beginning [of the development], C-HiL tends to be in the middle and
vehicle at the end. That means that if we have to change something for MiL,
SiL, we would have to change it for the other platforms as well, but they
are not yet so far.” (Int05|Function Developer) In addition, excessive
abstraction in test cases is a reason for interpretation in the test case
implementation: “I think the generic test cases are phrased too vaguely,
so that I have too much freedom afterwards when implementing them and
then something completely different comes out anyway. And for me, a test
specification is also essential to ensure that the test is done correctly. And
if I have some freedom afterwards, I might even test without any test case
specification.” (Int03|Test House Manager)
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Therefore, it was stated that the phrasing used in test cases haveC32: Phrasing of a
Test Case is not

Specific to the
Respective Target

Test Platform

to be oriented towards the target test platform, e.g., test cases for
a HiL test platform (using a lot of signals and abbreviations) differ
significantly from test cases in the vehicle (mainly prose): “They differ
greatly because the test cases are specific with respect to the functional
characteristics of a test platform ... and therefore the test cases are completely
different.” (Int14|System Manager) “It is the task of the test designer
... to formulate test cases with respect to the target [special test platform].”
(Int03|Test House Manager) This can be problematic if a test designer
assigns a test case to different test platforms, but has formulated
this test case according to the needs of a specific test platform. For
example, if a HiL tester receives a test case that was actually developed
for the entire vehicle test, then signal names and values which he
would have to test are often not specified. This means that important
information may then be missing. In the worst case, the test case
describes actions that cannot be performed on a HiL system at all,
such as the activation of controls that are not part of the HiL system
and therefore need to be simulated or the surrounding temperature,
which is difficult to change.

quality-based problems in test cases (toc-4 .3) The selec-
tion and application of a particular writing style or phrasing influences
different characteristics of a test case. As already mentioned, an exces-
sive usage of prose influences ambiguity and readability. Interviewees
named further challenges associated to the completeness of a testC34: Incomplete Test

Cases Exist
regarding Certain

Characteristics
(C35 – C51 and C55)

case containing incomplete descriptions of test case purpose, missing
preconditions or unspecified test case metadata.

As a consequence, this leads to an increased communication effort,
because testers have to ask for missing information. It is necessary to
determine the affinity of a test case for corresponding model series
and to specify the required test platform: “The test platform attribute
has to be set in any case, which is very important for us. The model series are
also important.” (Int05|Function Developer) Otherwise testers are not
able to identify relevant test cases for their test platform or test cases
are assigned to the wrong test platform.

The possibility to react straightforward and without much effort
to changes was also named as challenge. A typical example during
the development is the change of signal names, which are used inC54: Changes to a

Test Case are
Time-consuming

several test cases: “Changes in the signal names ... led to a lot of manual
work.” (Int12|Test Manager) This includes the tedious manual search
and replacement of the affected parts.

An approach to counter this challenge is the usage of placeholders
or the extraction of reusable sequences into a base scenario. If a change
is necessary, test cases do not have to be adjusted individually, because
the change takes place at a central point: “If it’s going well, it’s just one
base scenario where you have to adjust the signal.” (Int02|Test Manager)
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The interviewees also named missing strategies and mechanisms for
reusing test cases across different model series as challenging. There- C52: Test Cases are

not Reusedfore, test cases were often redesigned or have to be manually copied
and adjusted for the new model series. In particular, the reusability
of experience-based test cases was highlighted, because such test C53:

Experience-based
Test Cases are not
Reused

cases are often lost in requirement-based testing approaches because
of insufficient documentation: “In terms of reusability ... I’ve made an
experience [finding an error independent of requirement-based test cases] ...
Such that I document it [the experience-based test case] and such a test case
is not lost.” (Int09|Function Developer)

If this information is missing and test cases are handed over or
reused, this often leads to requesting: “I always ask for: ’Was this test
case created based on a requirement or a fault?”’ (Int15|Test Manager)

To treat this challenge, faults were documented in the requirement
specification afterwards or the necessary information was documented
separately (e.g., MS Excel), which leads to additional effort.

4.2.2.5 Test Case Specification Content-related Problems (M5)

Category Definition. This category includes challenges related to the
scope of content of a test case specification. The management of
variants, model series and test platforms is an integral part of test case
specifications and is classified here.

handling of variants and model series (toc-5 .1) Intervie-
wees remarked the manageability of test case specifications including
multiple model series and the enormous amount of variants as a chal- C57: Many Different

Model Seriess
C56: insufficient
Handling of Variants

lenge. “We now have a great variance in it. We have three variants and
each variant has the corresponding five functions. Of course, the variants
blow it up.” (Int12|Test Manager) As observed, various project-specific
methods exist to handle variant diversity and different series in one
or several test case specifications, but nothing of this is standardized.

The interviewees emphasized that variant handling had to be cov-
ered by the template: “That variant diversity is automatically supported
in the [test case specification] template would be great.” (Int01|System
Manager)

focusing on specific test platforms (toc-5 .2) Another
challenge is the distribution of test cases and their storage in many C58: Only Test

Cases for a Specific
Test Platform are
Contained

different tools. It is not uncommon that a test case specification only
contains test cases for a particular test platform. For example, if only
HiL tests are contained, then “... we are currently using the test specifica-
tions primarily in the HiL test environment.” (Int03|Test House Manager)

Equivalent to a missing test plan, the distribution of test cases
encourages the redundant execution of test cases on different test
platforms. The distribution of test cases makes it difficult to check the
completeness of the test scope, since individual sources may not be



88 challenges concerning automotive test case specifications

considered. This problem arises in particular in the context of commis-
sioning the creation of test cases: “... it is not the case that one ... company
A handles everything. Instead, there is company A, which only does this and
company B only does that. ... This means that we have commissioned HiL test
cases, ... vehicle test cases and then completely forgot that there must also
be board test cases with network management.” (Int10|Project Manager)
Furthermore, changes to the requirements have an impact on various
test cases (e.g., HiL and entire vehicle tests). “The topic of distributed
systems, for example ensuring a traceable processing of changed test cases, is
also very, very difficult.” (Int 09|Function Developer) As a result, not all
test cases may be adapted.

4.2.2.6 Process-related Problems (M6)

Category Definition. This category groups challenges in terms of differ-
ent understanding between various participating parties, ignorance of
requirement changes, the lack of standards or guidelines and unclear
responsibilities.

lack of standards or guidelines (toc-6 .1) The actual cre-
ation and further processing of test case specifications differs de-
pending on the department: “We don’t have a company-wide alignedC62: A Defined

Reference Process for
Testing in Missing

strategy for the creation of test case specifications.” (Int08|Test Manager)
“The problem is that each department tests differently, each department has
different requirements and necessities and this leads to the fact that you will
probably never be able to have a consistent test process.” (Int17|Tester)

As a consequence, cross-departmental cooperation is often ham-C60: Templates for
Test Reports are

Missing
pered, for example because uniform templates for reporting test results
are missing or interfaces to other departments or persons responsible
are not clearly defined.C63: Unclear Inter-

face Definition to the
Overall Process

Interviewees reported that project-specific guidelines are devel-

C59/C61: Guidelines
(for Handling the

Tools/Tool Chains)
are Missing

oped for the creation of test case specifications but they are rarely
used across departments. In addition, own processes are defined to
meet project-specific demands. Furthermore, the mandatory intro-

C65: Test Process
does not Fit the
Project/System

duction of a test manager for each project would help to establish a
consistent process.

change management related problems (toc-6 .2) In some
cases, a poor change management was observed which leads to failingC64: Lack of Change

Management leads
to Ignorance of

Changes

test cases because test cases no longer fit to the system under test: “...
the vehicle behaves quite differently or the instrument cluster is different.
Then the test case does not fit anymore because everything [e.g., the control
unit integrated in the vehicle prototype, the functionality and thus also the
actions and expected results of the test case] has changed in the meantime.”
(Int17|Tester) As a consequence, it is necessary to adapt the test case
afterwards and to execute it again, which means a considerable effort.
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In this respect, mechanisms for the maintenance of test case speci-
fications are unsuitable or unknown: “Suppose I have a change request,
which means I have some kind of change of a requirement. Ideally, I should
directly adjust the test case. This is usually not done due to time and no
corresponding tooling.” (Int10|Project Manager)

organizational decisions (toc-6 .3) Company-related de-
cisions can affect the test process. Several interviewees stated that
test-related tasks are increasingly being outsourced to suppliers:
“And now we have had a very massive change that he [system manager]
just writes system specification and the test house writes a test specification
separately.” (Int03|Test House Manager)

With respect to increasing outsourcing, numerous consequences
were outlined by the interviewees. For example, an increasing loss of
knowledge about the test cases also leads to another communication C68: Increasing

Outsourcing leads to
Knowledge Gaps

level between system manager and test house, because no longer
the failed test cases are of interest to the system manager, but the
affected requirements. This requires a consistent traceability, which C69: Increasing

Outsourcing leads to
Increased Effort

in some cases has been described as insufficient by the interviewees.
Furthermore, it was reported that it takes longer to obtain test results.

C70: Increasing
Outsourcing means
that Test Execution
takes Longer than
In-house

Another aspect regarding organizational challenges refers to the
definition of roles and responsibilities in the test process (e.g., system

C67: Responsibilities
and Roles are
unclear

managers have a very broad range of tasks), the lack of staffing for
important positions (e.g., vacant position of the test manager) or the

C66: Test Manager
is Vacant

non-regulation of responsibilities. Differences also result from system-
or project-specific aspects: “That is quite different. There are systems that
are relatively small. Such systems have someone in the personnel who is
system and component responsible at the same time. There are systems that
have one system manager and several component managers. There are also
systems that have several subsystem managers.” (Int17|Tester) Even due to
department-specific differences, responsibilities are not always clear.

One solution mentioned by the interviewees to keep track of the
different responsibilities is the system list: “A very helpful medium is the
so-called system matrix or system list ... because it also addresses subsystems
and ... sub-functions and ... who is the contact person” (Int17|Tester)

4.2.2.7 Communication-related Problems (M7)

Category Definition. This category includes challenges focusing on
communication problems caused by cultural background and different
expectations of test designers and testers with respect to the assumed
knowledge about the SUT and testing methodology.

Interviewees addressed that the cultural background, depending C75:
Communication
Problems due to
Cultural Differences

on national origin, influences how technical aspects are described and
understood as well as the inhibition threshold for queries: “Yes, that
is a huge problem. For some reason and I don’t know why, they struggle to
ask and start instead to interpret.” (Int10|Project Manager) “This is simply
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another cultural understanding. Phrases, how to describe things, are also
different.” (Int03|Test House Manager) These observations refer to the
cooperation with Indian colleagues in a branch abroad.

Furthermore, different expectations occurred mainly between testC77: Different
Expectations lead to
Misunderstandings

designers and testers, based on implicit knowledge about the sys-
tem under test. Therefore, some information is not explicitly docu-
mented by test designers in the test case, but is presupposed by testers:
“For example, one of the actions in a test case is ’start engine’. If the vehicle
has an automatic gearbox, I have to step on the break. If the test case does
not contain ’hold the break’, then there are always testers who say: There is
no ’hold the break’ in the test case. This is an error. So, it depends on the
expectation of the tester. Actually, he should know, that he has to step on the
break, but not everyone knows it.” (Int08|Test Manager)

Workshops can help to counteract these challenges and example
test cases are already used to show suppliers a proper detail level of a
test case. In addition, interviewees reported that it would be beneficial
to communication if the participating parties were close to each other.

4.2.2.8 Quality Assurance related Problems (M8)

Category Definition. This category presents challenges related to the
quality assessment of test case specifications. This includes the in-
adequate definition of the term quality in the context of test case
specifications, the lack of useful metrics, and the missing of an estab-
lished review process.

inadequate definition of the term quality (toc-8 .1) It
can be observed that interviewees often had no idea of what quality
means for their test case specification or what necessary quality
characteristics are: “Good Question. I guess that no one can give an answer.”
(Int02|Test Manager) “That’s difficult.” (Int05|Function Developer)

When quality characteristics were named, then comprehensibility
(named 12 times), unambiguity (12 times) and completeness (8 times)
were indicated as important but without any established or known
process to check or to ensure their compliance. Characteristics such
as uniformity (4 times), atomicity (4 times) and suitability for the
respective test platform (3 times) were much less stated.

lack of useful metrics (toc-8 .2) Only requirements cover-C80: Requirement
Coverage is the Only

Known Quality
Metric

age was stated as well-known metric to evaluate the quality of a test
case specification, but other metrics for quality measurement were not

C79: Established
Metrics for Quality

Assessment are
Missing

mentioned: “As a metric, we currently only have the traces to the system
specification. Well, that’s actually the only possibility known for me, which
we have right now.” (Int04|Test Manager) “I do not have any idea, because I
think this is actually too specific to each test case specification.” (Int16|Tester)
Considering that the majority of the test case specifications are based
on the same template, it is not absolutely necessary to have individual
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metrics. Without appropriate metrics, it is difficult to make a reliable
statement about the quality of a test case specification.

Some ideas of the interviewees for possible metrics have been col-
lected: number of mandatory attributes that are not filled, number of
test steps to evaluate the size of a test case, number of reused phrases,
number of prioritized test cases, number of used words in a test case
or the consistent usage of terms according to a glossary.

C83: Lack of
Established Review
Processes

lack of an (established) review process (toc-8 .3) Inter-
viewees reported that there are no established reviews explicitly for
the test case specification, either due to lack of time or personnel: “By C86: Lack Of Time

to Conduct Reviews
C84: Shortage of
Manpower to
Conduct Reviews

whom? ... Is that somehow reviewed in connection with the specification?
No.” (Int06|System Manager) “Nobody cares for the system except me, so
no one else looks at the tests except me.” (Int14|System Manager)

In order to meet this challenge, reviews are commissioned or, if nec-
essary, test designers review their own test case specification, whereby
an independent review is considered to be better: “Well, testing some-
how doesn’t yet have great significance. The system specification clearly
follows the principle of dual control. And if anything in the specifications is
changed, the change will be reviewed.” (Int06|System Manager) In some
cases reviews are only performed on a random sample due to an C85: Test Case

Specification is to
Large for
Cunducting a Full
Review

increasing number of test cases related to the increased complexity of
the systems. Here, requirements coverage, formal aspects are checked
and whether all mandatory test case attributes have been specified.
Checking semantic aspects (content-related compliance with the re-
quirement) is hard to verify and, therefore, an expert with system
understanding is required for reviewing the test case specification.

The possibility of performing internal walkthroughs with colleagues
who have similar specialist knowledge (e.g., exterior vs. interior light
system), the development of review checklists, guidelines, and stricter
controls were described by the interviewees as helpful: “This is al-
ways difficult to say, but I always find it helpful to have more control.”
(Int13|System Manager)

4.2.2.9 Tool-related Problems (M9)

Category Definition. This category addresses challenges related to poor
usability and missing functionality of tools, the use of heterogeneous
tool chains, and deficiencies with the support. The challenges pre-
sented here are not limited to a specific tool, but have been generalized
as far as possible and can also occur in other tools.

usability and function-related problems (toc-9 .1) Inter-
viewees mentioned often usability problems with the used tools or C89: Usability

Defienciesmissing knowledge about the usage. These problems include difficul-
ties with copy & paste tasks, editing test cases, creating traceability be-
tween different artifacts or exporting and importing content within the
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tool chain used. This is evident from the following examples: “This is
difficult to handle. I’ve to double click, ... then a field opens, then I’ve to click
the fields individually. That’s just a huge amount of clicking.” (Int10|Project
Manager) “Unfortunately, there are no regular expressions to replace [a
specific text].” (Int11|Test Manager) “The ... import is always a bit ex-
citing. It breaks off more often.” (Int06|System Manager) Furthermore,
interviewees mentioned performance problems: “The [used tool] is very
confusing and not performant.” (Int05|Function Developer) “The popular
[irony] import that makes my life very, very difficult.” (Int04|Test Manager)

As a result of the poor usability or even missing functionalities of
the tools used, certain tasks can only be implemented with difficulty
and with considerable time effort or, in the worst case, can not be
realized at all. In particular, the interviewees complained about the
resulting additional time expenditure: “I can’t mark everything and
change it simultaneously, I’ve to do everything individually. And that sucks,
because that’s another half hour of work, where I always do the same process
step.” (Int14|System Manager)

heterogeneous tool chains (toc-9 .2) Guidelines and over-
views of the functional interaction of the different tools in a tool chain
are missing. This is shown by unawareness or by the fact that testC87: Heterogenous

Tools are Used
C88: Tools used are

Complex and
Functions are

Unknown

cases are not created according to guidelines with the appropriate
tools: “Some colleagues say: ’I’m not even aware that this [the test case
specification] is also in [Tool X]’. ... Sometimes we don’t get the test cases

C91: Project-specific
Asaptations of the

Template lead to
Problems

in the ... template as we would like them to be. ... [Instead], they are written
in Word [or] in Excel.” (Int03|Test House Manager) The employed tool
chains make it difficult to react flexibly to changes and a consistent
traceability cannot always be established: “Traceability is therefore not
ensured.” (Int03|Test House Manager) And one is aware of this lack:

“Results are only reported back in case of an error ... We want to address this in
a new concept ... in order to completely ensure this traceability.” (Int08|Test
Manager) Furthermore, the integration of additional functionali-
ties to existing tools used for test management was highlighted asC90:

Non-continuous Tool
chains (Interface
Problems) Exist

challenge, because non-matching subsystems delivered by different
suppliers due to the lack of precise specifications. “The compatibility
across the different tools and versions, with the interface to Tool X or the
import to Tool Y, is problematic.” (Int13|System Manager) “I’ve about nine
different construction sites through these ’import stories’ or THIS tool world
... Six of them have been worked through, the others are still open and one
seems insoluble.” (Int15|Test Manager)

Often it takes a lot of time to carry out the tasks with the available
tools. It can lead to “trouble and project delay ... because I can’t provide
the test cases in time.” (Int15|Test Manager) Interface problems are
usually solved in an unconventional way, which sometimes causes
new problems: “Then we make ... an Excel exchange, because it always
works. But then the traceability is even worse.” (Int13|System Manager)
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deficiencies with the support (toc-9 .3) Furthermore, in-
terviewees reported that in cases of individual problems or project-
specific requirements the support cannot timely provide a solution. C92:Deficiencies

with the Tool
Support

This is reflected in statements such as: “No one really knows what the
problem is and the support lacks the flexibility to change things quickly and
easily. ” (Int14|System Manager) “If you have to wait half a year until you
get some change implemented, then it really can’t be.” (Int17|Tester)

Unfortunately, this lack of support for project-specific issues often
leads to the development of individual solutions: “In my opinion this
leads to many people developing their own tools” (Int17|Tester) However,
such tools often do not fit seamlessly into the existing tool chain.

4.2.3 Concluding Remarks on the Identified Challenges

In the following, the results of the exploratory case study are summa-
rized and the identified challenges are related by means of the main
categories (M1 – M9) to the suspected areas, as shown in Table 4.4.
The areas that are significantly affected by the challenges are high-
lighted in the table using a X. Furthermore, challenges identified in
Section 4.1 from related work (CRW01 – CRW25) are assigned to the
main categories.

Table 4.4: Challenge categories related to areas and related work [104] (CC BY 4.0)

Main Categories

Area M1 M2 M3 M4 M5 M6 M7 M8 M9

(C) Creation X X X X X X X

(P) Processing X X X X X X X

(Q) Quality X X X X X

Related Work
Challenges

CRW 06 CRW 01,
CRW 03 –
CRW 05

CRW 07 –
CRW 10

CRW 11,
CRW 23 –
CRW 25

CRW 02 CRW 13 –
CRW 18

CRW 19 CRW 12 CRW 20 –
CRW 22

References [117, 118] [59, 71, 109,
117, 145,

166]

[59, 109,
117, 141]

[59, 109,
118]

[71, 145,
166]

[71, 109,
117, 145,

166]

[109, 166] [59, 109] [20, 59, 71,
109, 166]

Challenges related to the availability of input artifacts (M1) oc-
cur mainly while creating (C) test case specifications and inhibit test
case design. Similar to Lachmann et al. [117, 118] the lack of test
plans was identified as an important challenge. As a solution in prac-
tice, rudimentary standard test plans were observed. This challenge
was assigned to the type of non-existing input artifacts (ToC-1.1,
Section 4.2.2.1). The distribution (ToC-1.2, Section 4.2.2.1) and access
restrictions of input artifacts (ToC-1.3, Section 4.2.2.1), especially in col-
laboration with suppliers, were identified as new challenges concern-
ing test case specification, which were not mentioned in related work.

http://creativecommons.org/licenses/by/4.0
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Content-related problems with input artifacts (M2) concerning re-
quirement specifications (ToC-2.1, Section 4.2.2.2), such as the lack
of requirements clarity, incomplete or conflicting requirements, lead
to re- and miss-interpreting were mentioned by Garousi et a. [59]
and Kasoju et al. [109]. Such problems have a significant impact of
the quality of test design and therefore occur mainly while creat-
ing (C) test case specifications. In the worst case, problems can also
occur in the further processing (P) for the first time. New content-
related challenges for test case specifications were identified regarding
test plans (ToC-2.2, Section 4.2.2.2), test case specification templates
(ToC-2.3, Section 4.2.2.2) and incorrect previous test cases (ToC-2.4,
Section 4.2.2.2). Interviewees highlighted the usage of customized
templates and some aspects that should be supported by a template
have been identified, i.e., variant handling, managing reusable parts.

Similar to Kasoju et al. [109], challenges related to a lack of knowl-
edge (M3) were identified, which affects all areas and roles (C, P, Q).
Test designers, testers and reviewers must have sufficient knowledge
of the system under test (ToC-3.1, Section 4.2.2.3), test platforms used
(ToC-3.2, Section 4.2.2.3) and test policies (ToC-3.3, Section 4.2.2.3) in
order to create, process and review high-quality test cases. This also
means that there must be a correlation between domain knowledge
and tester skill, as indicated in Garousi et al. [59] and Kasoju et al. [109].

Test case description related problems (M4), such as challenges
related to the phrasing of test cases (ToC-4.2, Section 4.2.2.4) and
in particular natural language based test cases may cause problems
(e.g., lot of manual activities to uniform test cases, understanding
and completeness of test cases in processing test cases and extensive
quality checks) in all areas (C, P, Q). Similar to Lachmann et al. [118],
also a variation of phrasing and problems related to the excessive
use of abbreviations were detected. In addition, the consequences
were identified: e.g., ambiguity and misunderstanding during test
implementation. Furthermore, a new challenge concerning the corre-
lation between test case description and the target test platform was
identified. Besides, language-based problems are mainly associated
with translation and spelling errors. In addition, challenges related to
language-based problems (ToC-4.1, Section Section 4.2.2.4) were iden-
tified, which mainly arise in terms of translation and spelling errors.
In accordance Garousi et al. [59] and Kasoju et al. [109], methods for
documenting and tracing experience-based test cases are still miss-
ing. Moreover, typical quality-based problems in test cases (ToC-4.3,
Section 4.2.2.4) related to the completeness (e.g., missing precondi-
tions and undefined test case meta data), changeability and reusability
of test cases were stated.

The huge number of variants is still challenging in the automotive
domain, as stated by Pretschner et al. [145], even in the creation of a
test case specification (ToC-5.1, Section 4.2.2.5). It can be observed that
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this can not be solved by the existing test case specification template
so far. Hence, different departments develop individual solutions. This
reflects the well-known challenge, also stated by Grimm [71], that
each discipline has its own processes, methods and tools. Interdisci-
plinary exchange between different departments rarely takes place.
Furthermore, the new type of challenge regarding the focus on a spe-
cific test platform (ToC-5.2, Section 4.2.2.5) in the category test case
content related problems (M5) were identified. In this case, the test
platform-dependent distribution of test cases intensifies the problem
of redundant test case execution.

Various process-related problems (M6) have been identified. The
lack of standards or guidelines (ToC-6.1, Section 4.2.2.6) particularly
influences the creation (C), while missed change requests (ToC-6.2,
Section 4.2.2.6) mainly occur in the processing (P) of a test case speci-
fication (e.g., test cases do not match the SUT). Similar to Kasoju
et al. [109] and Sundmark et al. [166], this is due to poor change
management and a lack of traceability management. The increasing
outsourcing of audit-related tasks and the resulting consequences
was emphasized by the interviewees and perceived as a new chal-
lenge in the context of organization-related decisions (ToC-6.3, Section
4.2.2.6). Furthermore, similar to Lachmann et al. [117] the lack that
no test manager is nominated, which affect the area of processing (P),
were observed.

Communication-related problems (M7, Section 4.2.2.7) occur mainly
between test designers and testers and therefore they are related to the
further processing of a test case specification (P). Similar challenges
were identified by Kasoju et al. [109] regarding the lack of interaction
between costumers and test personnel. However, they rather describe
process-related communication problems and do not refer directly to
test case specification issues.

Quality-related problems (M8, Section 4.2.2.8) mainly address qual-
ity assessment activities and affect only quality aspects (Q). It should
be emphasized that answering the question “What is a high-quality test
case specification for you?” was difficult for many interviewees. This
suggests an insufficient (known) definition of quality (ToC-8.1, Sec-
tion 4.2.2.8). Quality aspects are taken into account in operational
activities, but they could not be named explicitly. For example, test
designers pay attention to writing test cases in a comprehensible and
complete manner, but they only perceive it unconsciously as a quality
feature. Moreover, there is a lack of useful quality metrics (ToC-8.2,
Section 4.2.2.8) for checking test case specifications. Quality metrics
for test case specifications could make a valuable contribution to a
better understanding of quality and to support test case specification
reviews. In this context, similar to Kasoju et al. [109], the interviewees
reported a lack of established review processes and review guidelines
(ToC-8.3, Section 4.2.2.8).
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The challenge of insufficient tools (M9, Section 4.2.2.9) was men-
tioned as a still existing problem for various test activities (C, P, Q),
stated in multiple related works [59, 71, 109, 118, 141]. In particular,
a challenge in the lack of tool support for an automation of quality
assessments especially for test case specifications was identified. Fur-
thermore, it was observed that a major part of the creation of a test case
specification is still done manually. This aspect was also mentioned in
Tierno et al. [171] using the example of various existing model-based
testing concepts, which are still not used by OEMs. A distinction is
made between challenges regarding the usability and functionality
of a tool (ToC-9.1, Section 4.2.2.9), the use of heterogeneous tools
(ToC-9.2, Section 4.2.2.9), and deficiencies in the assistance provided
by the support (ToC-9.3, Section 4.2.2.9).

To sum it up, this allows to answer the following research question:

RQ1.1: What are current challenges in practice concerning test case
specifications in automotive testing?

The developed taxonomy provides an overview of the identified
test case specification challenges (see Table 4.3). Accordingly, chal-
lenges are divided into nine main categories (M1 – M9) with 24
subcategories called Types of Challenges (ToCs). In total, 92 con-
crete challenges (C01 – C92) were identified from the exploratory
case study and assigned to the taxonomy.

Similar challenges were encountered in all four companies as well
as in the different departments. Hence, it can be assumed that these
challenges may be similar for other departments and companies in the
same environment. There exist significant problems in the creation,
further processing and quality assessment of test case specification.
Thus, the interviews and the qualitative analysis of the data allows to
answer the following research question:

RQ1.2 Which causes and consequences of the challenges are the practi-
tioners aware of and which solutions exist?

It becomes clear that practitioners are aware of the existing chal-
lenges and the related quality problems in test case specifications.
Some of the interviewees are aware of the consequences of a chal-
lenge and develop solutions for it. However, this often results in
individual developments that are seldom used across departmental
boundaries, which means that synergy effects are rarely exploited.
All in all, Table 4.5 provides a summary of the consequences and
named solutions for each identified challenges.

The results of the exploratory case study form the basis for further
investigations. In the following section, the challenges are examined
in more detail with regard to their frequency and criticality by means
of a descriptive survey.
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4.3 assessment of the identified challenges

In order to validate the challenges identified in the previous ex-
ploratory case study (cf. Section 4.2) a descriptive survey [37] was
conducted. This step is important to check whether the identified chal-
lenges also apply to people other than the interviewees. Furthermore,
it is of interest how practitioners assessed the frequency of occurrence
and the criticality of each challenge. Therefore, the research method-
ology used for this descriptive survey is described in Section 4.3.1,
Section 4.3.2 presents the results and concluding remarks on the as-
sessment of the identified challenges are given in Section 4.3.3.

4.3.1 Research Methodology

A survey is used to explore, describe and explain a specific issue.
Depending on the objective, a distinction is made between explo-
rative, descriptive and explanatory surveys [37]. The descriptive sur-
vey chosen as the methodology for this study is based on clearly
formulated research questions and a random selection of partici-
pants that adequately represents the group of people responsible for
test case specifications. The following subsections present the formu-
lated research questions, study design, data collection, data analysis,
and consider threats to validity.

4.3.1.1 Research Questions

The study addresses the following research questions:
RQ1.3: How do practitioners assess the frequency of occurrence and the

criticality of the identified challenges?
This question focuses on the assessment of the identified challenges

from the exploratory case study. It is assumed that the challenges
are also known to other practitioners with similar test responsibilities
as the interviewees from the exploratory case study. Therefore, this
research question intends to examine the frequency of occurrence and
the criticality of the challenges. The results of the assessment are inter-
esting because they allow a prioritization of improvement activities.

RQ1.4: How do the identified challenges differ between external and
internal employees?

In addition to RQ1.3, it is suspected that differences in the as-
sessment of the occurrence and the criticality with respect to the
assessments of external and internal employees exist. There may be
challenges that are more likely to occur for the group of external
employees and less for the group of internal employees and vice versa.
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4.3.1.2 Study Design

For the descriptive survey, a questionnaire3 based on the identifiedDescriptive Survey

challenges from the exploratory case study was developed. The ques-
tionnaire consists of an introductory section with information about
the purpose, a declaration of consent, and a brief overview of the topic
test case specifications. After that, some demographic data queries
follow in order to characterize the participants in relation to their
working context, e.g., company affiliation and testing responsibilities.
The main part consists of questions about the identified challenges,
which are grouped according to the nine main categories of the taxon-
omy (cf. Table 4.3 on Page 77). An example of a question group with
different challenges and associated scales is shown in Figure 4.1.

no comment
does not 
occur

does occur very rare rare sometimes often very often not critical
rather not 

critical
partly critical  rather critical very critical

C01 Requirement Specification does 
not exist
C02 Requirement Specification does 
not exist in time
C03 Test plan does not exist
C04 Information and documents are 
distributed
(e. g. on different systems, storage formats, 
etc.)

C05 No access to relevant documents
(Means documents, which are relevant for 
creating test case specifications, e.g. 
requirement specifications, test plans, 

additional documents, etc.)

Occurrence Frequency Criticality

1 
In

pu
t 

A
rt

ifa
ct

s 
(A

va
ila

bi
lit

y)

Figure 4.1: Example of a question group from the developed question-
naire [104] (CC BY 4.0)

In total, 92 challenges were derived from the interviews (C01 – C92).
For each challenge a participant first had to assess whether it “does
occur”, “does not occur” or whether he or she does not want to make
any statement (“no comment”). A nominal scale was used to measure
these answers. If a challenge has been marked as “does occur”, the
participant was asked to provide additional information about the
frequency of occurrence and criticality of the challenge. Otherwise the
participant did not have to give an assessment for this challenge. This
limitation was chosen to avoid vague statements about frequency or
criticality of a challenge. Only if a participant was aware of a challenge
and it actually occurs during his or her work on test case specifications
it is expected that he or she can make a reliable statement about the as-
sessment. For the assessment of frequency of occurrence and criticality,
five-point Likert scales with an ordinal scale level were used [12].

At the end of the questionnaire, respondents had the opportunity
to provide further challenges and comments as a free text answer.
The questionnaire was implemented as an online survey using theOnline Survey

survey tool LimeSurvey4. This was done to minimize the effort for
data collection, to ensure anonymous recording of responses and to
automate the distribution of the questionnaire via e-mail.

3 The survey questionnaire is attached in Chapter B of the appendix.
4 Survey Tool LimeSurvey: https://www.limesurvey.org/

http://creativecommons.org/licenses/by/4.0
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4.3.1.3 Data Collection

In general, practitioners who deal with test case specifications have
been selected to participate in the survey. On the one hand, survey
participants were also selected from Daimler, whereby interviewees
from the first study were excluded from this selection. Therefore, a
company directory that lists internal employees responsible for creat-
ing or commissioning test case specifications was used. Furthermore,
internal employees of three test teams were selected who are respon-
sible for the implementation and execution of test cases for various
systems. On the other hand, external employees of three suppliers
were selected who are commissioned to create, document, implement
and execute test cases. One of the three suppliers is the same as in the
first study, but the employees involved in the survey are different from
those in the first study. Overall, the participants invited for the survey
differ from the interview participants. This approach was chosen to
ensure that the identified challenges were assessed impartially by the
survey participants. Therefore, interviewees were not involved in the
survey as they already knew the challenges.

Overall, 36 participants completed the questionnaire within a period 36 Practitioners
Participatingof two weeks. With regard to 220 invited participants, this represents

a response rate of 16%. The 36 participants consist of 26 internal
employees from 20 different departments and 10 external employees
from three different suppliers. Table 4.6 shows an overview of the
characteristics of the survey participants.

Table 4.6: Overview of the survey participants with company affiliation,
testing expertise level and responsibilities [104] (CC BY 4.0)

Groups of Sample Company Testing Responsibilitiesb

Participants Size Affiliation Expertise C D I R

(N) (Years) (Levela)

Internal Employees 26 12.5 3 13 17 14 13

External Employees 10 3.0 3 5 0 12 6

All Participants 36 5.6 3 18 17 26 19

a Expertise Levels: (1) Beginner, (2) Advanced Beginner, (3) Competent Practitioner,
(4) Experienced Practitioner, (5) Expert

b Responsibilities: (C) Creating, (D) Delegating, (I) Implementing,
(R) Reviewing Test Case Specifications

The participants have the following responsibilities: 18 participants Most Participants
Implement Test Case
Specifications

creating test case specifications (C), 17 participants delegating the
creation of test case specifications to suppliers (D), 19 participants
reviewing test case specifications (R) and 26 participants implementing
test case specifications (I). On average, both groups rated themselves as
competent practitioners in terms of their testing expertise (Median = 3,
N = 36). The company affiliation refers for internal employees to the

http://creativecommons.org/licenses/by/4.0
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time in the company and for external employees to the time they are
already working for Daimler (cf. survey questionnaire in Chapter B).
Thus, internal employees have an average company affiliation of 12.5
years and external employees of 3.0 years.

4.3.1.4 Data Analysis

The answers of 36 questionnaires were analyzed. 44 incomplete ques-
tionnaires were excluded from the analysis. For data analysis, de-
scriptive statistics were used primarily and, in addition, Fisher’s exact
test [51] with a level of significance α ¤ 0.05 was used. This is a non-Fisher’s Exact Test

parametric statistical test, which is applicable for nominal scales and
is recommended if the sample size is rather small. Both applies to the
given case, since a nominal scale for the occurrence is used and the
group of external employees is only N = 10. The Chi-Squared (X2)
test [139] would often not provide reliable results, as the required
expectation value in the cells of the cross table tends to be less than 5.
The cross table is structured as follows. The two dichotomous variables
company affiliation (possible values: “external” or “internal”) and the
assessed occurrence of the respective challenge (possible values: “does
occur” or “does not occur”) are considered. The 2� 2 cross table contains
the different groups in the rows and the answers for the respective
questions in the columns. If Fisher’s exact test indicates a significant
difference, the φ coefficient is also calculated [28]. This symmetricalPhi Coefficient φ

measure is used to make a statement about the effect size (small effect
size: φ = 0.1, medium effect size: φ = 0.3, large effect size: φ = 0.5).

4.3.1.5 Threats to Validity

In the following, the four different threats to validity aspects similar
to those presented in Section 4.2.1 are discussed.

To increase construct validity, attempts were made to avoid a biasedConstruct Validity

selection of survey participants by considering various systems, roles
and testing knowledge for the selection of interviewees as well as
having a representative number of participant. Furthermore, pilot
tests were conducted to ensure the comprehensibility of the ques-
tions. At the beginning of the survey, the study goal was explained
to the survey participants in an introductory part in order to avoid
misunderstandings. Further, to obtain precise results, the questions
about the challenges were chosen in such a way that they cover the
identified challenges from the exploratory case study. In addition, the
questionnaire survey was conducted anonymously in order to avoid
restraint among the survey participants in answering the questions.
However, it cannot completely exclude a selection bias, since the inter-
nal surveyed employees all came from the same OEM. Nevertheless,
it can be assumed that due to the measures taken, construct validity
threats could be limited.
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In order to improve internal validity, the developed questionnaire Internal Validity

was tested in a two-stage pilot study and its quality was subsequently
improved. Moreover, despite the conducted pilot studies, it cannot be
excluded that the length of the questionnaire had a negative impact
considering the number of 44 incomplete questionnaires. In order to
avoid a learning effect and maturation of the test persons, the test per-
sons were only allowed to complete the questionnaire once. This also
takes into account that participants from the interview study were not
invited to the questionnaire survey in order to avoid influences from
the interviews and to assess the identified challenges independently.

The questionnaire was reviewed by six persons within the pilot Reliability

study. Two of them were external researchers, one internal researcher
and three internal practitioners. As a result the questionnaire was
subsequently adapted and refined to improve the reliability. In order
to calculate the significance of two different groups on the basis of
a hypothesis and thus ensure the reliability of such an analysis, the
Fisher’s exact test with a significance of 5% was used.

To increase external validity participants from 20 independent depart- External Validity

ments and three external suppliers which also work for other automo-
tive companies were deliberately selected. These participants represent
various responsibilities and levels of knowledge (cf. Table 4.6).

4.3.2 Assessment Results

In this section, the results of the descriptive survey are presented. For
this purpose, all 36 completed questionnaires were analyzed.

For answering RQ1.3 it was investigated how practitioners assessed
the identified challenges in terms of frequency of occurrence and criti-
cality. Therefore, the following Sections 4.3.2.1 to 4.3.2.9 are structured
in accordance to the main categories (M1 – M9) of the developed tax-
onomy of test case specification challenges (cf. Table 4.3 on Page 77).

For each main category, the assessments of the associated challenges
based on their frequency of occurrence and criticality are considered.
The results of all challenges are presented per category with one
diagram for frequency of occurrence and one for criticality, such as
Figures 4.2 and 4.3 for category M1. On the left side of the figures the
challenges (C01 – C92) are listed, which have been identified in the
exploratory case study. To the right of each challenge is the percentage
of survey participants who answered the questions. In the case of fre-
quency of occurrence, the response scale ranges from “does not occur”
to “very often”. In this case, the original five-point Likert scale was
extended, as shown in Figure 4.1, by the value “does not occur”. For the
purpose of a complete presentation of the results regarding the fre-
quency of occurrence of the challenges, the integration of the answers
“does not occur” is considered necessary in the following diagrams.
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The number of survey participants who did not rate a challenge (“no
comment”) is shown on the right side of each figure (grey bars). These
survey participants did not have to provide any further information
about frequency or criticality.

If the survey participants rated a challenge as “does occur”, which
means that this challenge occurs at least “very rare”, it was interesting
how critically they assessed this challenge. It can be assumed that
survey participants who actually face a challenge, even if only very
rarely, can make a more precise statement about their criticality than
others. These results are presented in a similar diagram, which shows
the percentage of survey participants who rated each challenge as
“not critical” and “rather not critical” (left percentage), “partly critical”
(middle percentage) or “rather critical” and “very critical” (right percent-
age). The diagram next to the criticality assessment shows how many
participants have answered this question (“rated”). Participants who
did not assess a challenge (“no comment”) or assessed the challenge as
“does not occur” are summarized as “not rated”.

In order to answer RQ1.4, differences between external and internal
employees were examined in terms of their assessment of the occur-
rence of challenges. For this purpose, Fisher’s exact test as described in
Section 4.3.1.4 was used. In addition, to determine the effect strength
for identified significant differences between the groups, the φ coeffi-
cient as a correlation measure was calculated. These statistical results
are presented in Section 4.3.2.10. Finally, the results of the descriptive
survey are summarized in Section 4.3.3.

4.3.2.1 M1: Availability Problems with Input Artifacts

Survey participants rated the challenges from category M1 as more
likely to occur. As illustrated in Figure 4.2, between 15% and 76%
rated the frequency of occurrence of the challenges from “sometimes”
to “very often”. Two out of five challenges (C03 and C04) were rated
over 50% as at least “sometimes” occurring. For survey participants,
challenge C04 (information and documents are distributed) is the
most common, resulting in an overall score of 76%. Challenge C03
(test plan does not exist) occur more frequently with 52%. However,
both challenges are not classified as very critical overall (cf. Figure 4.3).

85%

73%

51%

48%

24%

15%

27%

49%

52%

76%

Requirement specification does not exist (C01)

No access to relevant documents (C05)

Test plan does not exist (C03)

Information and documents are distributed (C04)

33

33

35

27

34

100 75 50 25 0 25 50 75 100 20 0 20 40

sometimes often very oftendoes not occur rarevery rare no comment
responded

 (C02)Requirement specification does not exist
in time

Figure 4.2: Frequency assessment of category M1: Availability problems with
input artifacts [104] (CC BY 4.0)
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As it was mentioned in the interviews, missing test plans (C04)
leads to increased testing effort, which could explain why 25% of
31% consider it to be “very critical”. The frequent occurrence of the
challenge C04 can be attributed to the high complexity of the systems
to be developed. The opposite low level of criticality (33% rather not
critical) may be due to the fact that the parties involved have developed
strategies for gathering information, such as enriching specifications
with additional information.

As shown in Figure 4.2, challenge C01 was rated with 85% as pre-
dominantly rare occurring to does not occur. However, this challenge
is considered most critically with 50% (cf. Figure 4.3). This statement
can be regarded as convincing, since requirements-based testing pro-
cedures are still widely established in the automotive industry and
in this context requirement specifications are a fundamental input
artifact for creating test case specifications.
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Requirement specification does not exist (C01)

Requirement specification does not exist
in time

Figure 4.3: Criticality assessment of category M1: Availability problems with
input artifacts [104] (CC BY 4.0)

4.3.2.2 M2: Content-related Problems with Input Artifacts

Challenges from category M2 were mainly rated as occurring by
survey participants. Half of the challenges were rated at least 50%
as “sometimes” to “very often”, as shown in Figure 4.4. In particular,
the frequency of challenges with respect to requirement specification
issues were more frequently rated with “sometimes” to “very often”.
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Figure 4.4: Frequency assessment of category M2: Content-related problems
with input artifacts [104] (CC BY 4.0)

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0


108 challenges concerning automotive test case specifications

Challenges C10 (incomplete requirements), C11 (unintelligible re-
quirements) and C06 (entire requirement specification is outdated) oc-
cur more frequently with 53% to 57%. It is more likely that individual
requirements are outdated than the entire requirement specification.
That the three most common challenges are related to requirement
specification issues can be explained as both the test designer and the
tester are usually familiar with the requirement specification. Hence,
this document is known to a larger number of survey participants. In
contrast, the test plan is more relevant for system or test managers who,
for example, commission the creation of test case specifications. Testers
seldom have insight into it. At position four of the most frequently oc-
curring challenges is challenge C12 (test plan is too general) with 52%.
The high frequency of this challenge can be explained by the increased
usage of standard test plans mentioned in the interviews. These con-
tain a comprehensive test strategy that usually has to be adapted to the
system to be developed, which is sometimes not done. The criticality
of this challenge is rated lowest with 5%, as shown in Figure 4.5. This
rating could be explained as it is better to have a general test plan
instead of none at all (cf. challenge C03). The rare occurrence of con-
flicting (C08) and incorrect (C07) requirements between 29% and 37%
is noteworthy. This could be a sign of the effectiveness of the quality
checks for requirements that have been introduced in the investigated
OEM in recent years. Similarly, the rare occurrence of challenge C14
(insufficient description of the test object) indicates that if a test plan
exists, the contained description of the test object is sufficient.
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Figure 4.5: Criticality assessment of category M2: Content-related problems
with input artifacts [104] (CC BY 4.0)

The assessment of criticality also reveals that problems regarding
the requirements (C06, C07, C08, C09) tend to have critical effects
on the test case specification (cf. Figure 4.5). It is noteworthy that
challenge C16 (template does not fit project-specific needs) was con-
sidered rather uncritical (43%). It is known from the interviews that
numerous individual solutions exist which extend the standard test
case specification template or reinterpret the template guidelines.
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4.3.2.3 M3: Knowledge-related Problems

Figure 4.6 shows that survey participants predominantly rated the
challenges of category M3 as not occurring (cf. large percentage of

“does not occur” ratings). This shows that the majority of survey partici-
pants are not aware of any gaps in their knowledge. However, these
statements may be influenced by the fact that individuals are reluctant
to admit their own shortcomings. In contrast, if survey participants are
confronted with knowledge-related problems, they rate them as criti-
cal. This can be seen in Figure 4.7, where five out of seven challenges
were assessed as predominantly critical (between 35% and 50%).
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Figure 4.6: Frequency assessment of category M3: Knowledge-related
problems [104] (CC BY 4.0)

As illustrated in Figure 4.6, the high demand for trainings (C22)
regarding test case specifications and insufficient knowledge about
the SUT (C18) between 53% and 68% is noteworthy. In addition, both
challenges are regarded as rather critical between 43% and 50% (cf.
Figure 4.7). It is obvious that the lack of knowledge about the system
to be tested (C18) is assessed most critically. If a test designer does
not know the system, it is difficult to develop meaningful test cases.
Furthermore, the survey results underpin the statements from the
interviews on the described lack of company-wide testing guidelines,
such as the lack of training (C22, 68%), lack of consulting and contact
persons (C23, 47%) or the insufficient knowledge about testing guide-
lines (C21, 45%). These challenges are also assessed as rather critical
(between 35% and 43%), as can be seen from Figure 4.7. In addition,
there is the insufficient documentation of the test case specification
template (C24), which is also assessed as rather critical (42%).
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Figure 4.7: Criticality assessment of category M3: Knowledge-related
problems [104] (CC BY 4.0)
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4.3.2.4 M4: Test Case Description related Problems

Figure 4.8 shows that survey participants rated the frequency of chal-
lenges of category M4 between 18% and 67% as “sometimes” to “very
often”. From a total of 31 challenges, 19 were assessed as predomi-
nantly occurring, which is approximately 55% of the challenges of
category M4. Predominantly occurring means that these 19 challenges
were rated by at least 61% of the survey participants from “very rare” to
“very often” (applicable for C26, C27, C29 – C34, C38, C39, C42 – C44,
C46 – C49, C54, and C55). The other twelve challenges were assessed
as predominantly “does not occur”.
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Figure 4.8: Frequency assessment of category M4: Test case description re-
lated problems [104] (CC BY 4.0)

As can be seen in Figure 4.8, the first nine challenges occur more
frequently than others (between 51% and 67%). This includes that
changes to a test case are often time-consuming (C54), information
about the used procedure for test case derivation (C43), the origin
(C42) and the prioritization of a test case (C39) is often missing. More-
over, this also concerns incomprehensible test case descriptions (C44)
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and incomplete test cases (C34) or that the phrasing of a test case is
not specific to the respective test platform (C32). Spelling errors in
test cases (C26) lead the ranking with 67%, but are rated as rather
uncritical (88%, cf. Figure 4.9). Regarding criticality, the same applies
to typing errors in test cases (C33, 85%). Another language-based prob-
lem concerns translation errors in test cases (C25), which have been
rated as rather rare (68%) and uncritical (57%). The low frequency and
criticality of this challenge could be explained by other characteristics
of the survey participants. The questionnaire also asked for the native
language and the common language of the test case specifications.
The majority of the survey participants deal with German test case
specifications and are native speakers (50%), whereas only 6% are
not German native speakers. 36% of the specifications are written
in English by non-native speakers and 8% bilingual in German and
English by German native speakers. However, as it is known from the
interviews, the possible effects of challenges C25 and C26 should not
be underestimated.
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Figure 4.9: Criticality assessment of category M4: Test case description related
problems [104] (CC BY 4.0)
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Figure 4.9 shows that most challenges in category M4 are rated
as rather uncritical by the survey participants (22 of 31 challenges).
The challenges of undocumented preconditions (C35), actions (C36)
and expected results (C37) are considered rather critical by most sur-
vey participants (between 46% and 62%). This is quite obvious, since
these attributes contain the main information of a test case: the de-
scription of the test case. Another challenge that has been rated as
rather critical (42%) concerns incomprehensible test case descriptions
(C44). Moreover, this challenge seems to to occur more frequently
(55% rather often, cf. Figure 4.8). Insufficient and incomprehensible
test case descriptions mean an increased effort, as for example neces-
sary queries by the tester before a test case is implemented. Especially
in the interviews, the use of phrases in prose was cited as the cause of
incomprehensible test case descriptions. An interesting aspect is that
70% of the survey participants assessed that the challenge of misun-
derstandings caused by test cases formulated with prose is less likely
to occur (C28, cf. Figure 4.8). The majority (58%) of the survey partici-
pants rated this challenge as “does not occur” occurring. Moreover, this
challenge was assessed as rather uncritical by 43%. Misunderstand-
ings do not seem to be the biggest problem with prose test cases. As
interviewees explained, readability and changeability play a decisive
role in this context. In particular, the survey seems to confirm that
changing a test case is usually a time-consuming task (C54). 62% agree
that it is more time consuming and 35% rated it critical.

A challenge identified for the first time in the interviews is con-
firmed by 55% in the survey: the phrasing of test cases is often not
adapted to the target test platform (C32). However, a test case that is
not formulated in accordance with the test platform is predominantly
regarded as partially critical by 45%. There are two reasons for this
average assessment of criticality. Either test cases cannot be executed
on the test platform and are rejected by the test platform (less critical),
or such test cases lead to considerable additional effort for clarification
(more critical).

Furthermore, the challenge of not reusing test cases (C52 and C53),
already described in the interviews, becomes clear from the survey
results. 38% of survey participants rated this challenges as more fre-
quent and especially C53 with 46% as rather critical. This criticality is
obvious, since knowledge is lost through non-reused experience-based
test cases, whereby these test cases are usually very useful test cases.

4.3.2.5 M5: Test Case Specification Content related Problems

Figure 4.10 shows that the challenges C56 (insufficient handling of
variants) and C57 (many different model series) occur more frequently
between 58% and 68%. The increasing system complexity is a well-
known challenge and can be perceived here on the basis of model
series and the problem of inadequate variant management.
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Figure 4.10: Frequency assessment of category M5: Test case specification
content related problems [104] (CC BY 4.0)

All challenges seem to be rather uncritical, between 35% and 59%
(cf. Figure 4.11). Only 29% of the survey participants consider vari-
ant management to be a critical challenge. The focus of a test case
specification on test cases for a specific test platform and thus the
distribution of the total number of test cases to different documents is
rated as rather uncritical with 59%.
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Figure 4.11: Criticality assessment of category M5: Test case specification
content related problems [104] (CC BY 4.0)

4.3.2.6 M6: Process-related Problems

As shown in Figure 4.12, survey participants predominantly rated
process-related challenges (M6) as “sometimes” to “very often” occur-
ring. Eight out of twelve challenges exceed the 50% threshold (between
52% and 70%).
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Figure 4.12: Frequency assessment of category M6: Process-related
problems [104] (CC BY 4.0)

Figure 4.12 shows that the identified challenges are very common
for the survey participants. In particular, the first five challenges tend
to occur between 67% and 70% more frequently. All challenges are
assessed as rather critical (between 29% and 68%). The negative ef-
fects of outsourcing test activities mentioned in the interviews are
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also assessed in this way by the majority of the survey participants.
Most of the survey participants (between 68% and 70%) answered
that outsourcing related challenges occur “sometimes” to “very often”,
such as the loss of knowledge (C68), the longer duration of the test
execution (C70) and the increased effort (C69). In particular, all three
outsourcing related challenges were assessed most critically (more
than 64%, cf. Figure 4.13). In the case of losing knowledge about the
test case specification when outsourcing, none of the survey partici-
pants assessed this as rather uncritical or not critical. In addition, the
survey participants seem to consider the role of a test manager to be
important, as 56% consider the lack of this role to be rather critical
(C66). This is an interesting aspect considering that this challenge
occurs rather frequently with 54%.
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Figure 4.13: Criticality assessment of category M6: Process-related prob-
lems [104] (CC BY 4.0)

4.3.2.7 M7: Communication-related Problems

For each question of category M7, the answers are shown in Fig-
ure 4.14. Five of the seven challenges tend to occur more frequently
(between 61% to 76%). Between 6% and 19% did not answer the ques-
tions. Hence category M7 has the highest response rate. This shows
that most survey participants face communication related challenges.

56%

55%

39%

32%

32%

32%

24%

44%

45%

61%

68%

68%

68%

76%

Communication problems due to language
barriers (C76)

Communication problems due to cultural
differences (C75)

Communication problems due to distributed
teams (C73)

Difficult communication due to communication
via representatives (C72)

Reduced communication due to spatial
distance (C74)

Different expectations lead to
misunderstandings (C77)

Communication problems with the supplier (C71)

34

31

33

34

34

34

29

100 75 50 25 0 25 50 75 100 20 0 20 40
no comment
responded

sometimes often very oftendoes not occur rarevery rare

Figure 4.14: Frequency assessment of category M7: Communication-related
problems [104] (CC BY 4.0)
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In general, most of the survey participants (76%) answered that
communication problems with suppliers (C71) occur “sometimes” to

“very often” (cf. Figure 4.14). However, the aspect that communication
with the supplier usually takes place via representatives (C72) was
rated by 68% as rather frequent. In Figure 4.15 it is shown that a
majority of the survey participants (48%) rated this challenge as rather
critical. This also reflects the findings from the interviews that commu-
nication via representatives is perceived as fundamentally challenging.
Furthermore, the survey participants rated the challenge of spatial
distances (C74) as more frequent with 68%. This aspect also often
affects suppliers and can be a reason for communication problems
with the supplier. Challenges relating to communication problems due
to cultural differences (C75) ore language barriers (C76) occur less
frequently (55% and 55%), but are assessed as rather critical with 47%.
That was also mentioned in the interviews that when other cultures or
non-native speakers are involved in projects, this is challenging. It can
be assumed that a high proportion of survey participants who never
face challenges C75 and C76 are not involved in international projects
or work alone on the test case specification. Unfortunately, this is not
evident from the recorded data.
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Figure 4.15: Criticality assessment of category M7: Communication-related
problems [104] (CC BY 4.0)

4.3.2.8 M8: Quality Assurance related Problems

Figure 4.16 shows that survey participants are predominantly con-
fronted with the identified challenges.
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Basically, challenges regarding quality assurance related problems
(M8) can be considered as frequently occurring, because they were
answered between 57% and 81% with “sometimes” to “very often”. It
is impressive that all of the identified challenges have been rated
as occurring more frequently by the survey participants with more
than 57% (cf. Figure 4.16). This underlines the fact that quality as-
surance measures in particular have to be introduced to improve the
quality of automotive test case specifications and it also confirms
the necessity of this research. This is also indicated by the fact that
in the investigated research context, the lack of existing metrics for
quality evaluation of test case specifications (C79 and C80) is assessed
by 61% and 75% of the survey participants as rather frequent. Fur-
thermore, Challenge C79 was rated as most critical by 67% of the
survey participants (cf. Figure 4.17).
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Figure 4.17: Criticality assessment of category M8: Quality assurance related
problems [104] (CC BY 4.0)

The lack of established review processes (C83) was rated as particu-
larly frequent by 64%. In this context, correlations with challenges C78,
C79 and C80 can be assumed. In addition, organizational challenges,
such as lack of staff (C84, 81%) and time (C86, 80%), were rated as
occurring most frequently. Moreover, effects of system complexity
can also be seen here. Test case specifications partly comprise several
1,000 test cases and are very large. One interviewee mentioned that
it would take longer to review a test case specification than to write
it and therefore not all test cases can be reviewed. The survey results
underpin this statement that the size of test case specifications often
means that only random reviews can be conducted (C85, 67%). The
challenge that tools do not provide automated quality reports (C81)
was rated as rather uncritical by 50%. This could be related to the lack
of understanding of quality metrics (C79). Since other metrics than
requirement coverage rarely seem to be known, no tool that calculates
quality characteristics is missing either.

4.3.2.9 M9: Tool-related Problems

Figure 4.18 shows that survey participants, with the exception of chal-
lenge C92, rated most challenges of category M9 as more frequently oc-
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curring (between 50% and 81%). This confirms the impression gained
from the interviews that tools as a whole are often perceived as a
challenge. Only 18% to 22% of the survey participants did not answer.

59%

50%

50%

42%

28%

19%

41%

50%

50%

58%

72%

81%

100 75 50 25 0 25 50 75 100

Deficiencies with the tool support (C92)

Usability deficiencies (C89)

Project-specific adaptations of the template
lead to problems (C91)

Tools used are complex and functions are
unknown (C88)

Non-continuous tool chains (interface
problems) exist (C90)

Heterogeneous tools are used (C87)

29

32

28

33

32

32

20 0 20 40
no comment
respondedsometimes often very oftendoes not occur rarevery rare

Figure 4.18: Frequency assessment of category M9: Tool-related
problems [104] (CC BY 4.0)

At the top of the ranking regarding frequency are the challenges
C87 (heterogeneous tools) and C90 (non-continuous tool chains) with
81% and 72%. In contrast, the use of heterogeneous tools (C87) is
considered to be rather uncritical (37%). However, if interface problems
occur during the exchange of data between heterogeneous tools (C90),
this is evaluated as rather critical (36%). From the free text answers it
can be seen that especially in case of problems with the tool chains
the support is usually not able to help quickly. Increasingly, interface
problems were mentioned, which may be caused by the tool chains
used in the company. This is also due to the fact that the survey
participants rated the challenge C92 as rather critical (54%).
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Figure 4.19: Criticality assessment of category M9: Tool-related
problems [104] (CC BY 4.0)

4.3.2.10 Differences between External and Internal Employees

In order to validate the individual challenges of a category, the survey
participants were first asked whether a challenge “does occur” or “does
not occur” (cf. Figure 4.1). Regarding the answers to these questions, it
was possible to identify differences between the groups in terms of the
occurrence of each challenge. Therefore, descriptive statistics based
on bar charts were used primarily. To complement this, Fisher’s exact
test with a significance level of α = 0.05 was used (cf. Section 4.3.1.4).

Due to the fact that multiple testing is performed on the data set, a
statistical expert was consulted as to whether α-adjustment is neces-
sary. However, this is not recommended and was therefore deliberately
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omitted. The reason for this is, on the one hand, that this is an ex-
ploratory study and the focus of this type of study should be on
descriptive statistics. On the other hand, the significant results ob-
tained are explainable and plausible from practical experience. In this
way, descriptively identifiable (see Figures 4.20 to 4.24) and statistically
significant differences between external and internal employees were
found for the following challenges C05, C10, C57, C63 and C87.

There is a difference in the occurrence of challenge C05: No access
to relevant documents between external and internal employees. Fig-
ure 4.20 shows the frequency to which survey participants of each
group rated this challenge as “does occur” and “does not occur”. In
relation, external employees answered more often with “does occur”
(% fextern = 90%, Nextern = 10) than internal employees (% fintern = 44%,
Nintern = 25). For this reason, it is assumed that the challenge of miss-
ing access rights to relevant documents (C05) occurs more often for
external employees than for internal employees. This also confirms
statements by external employees from the interviews that, for exam-
ple, parts of the requirement specifications are not provided to which
links exist. In contrast, internal employees are sometimes unsure what
may or may not be given to external employees.

Furthermore, results show a statistically significant correlation with
a medium effect size for challenge C05 between external and in-
ternal employees concerning missing access to relevant documents,
p = 0.022, φ = 0.420.
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Figure 4.20: No access to relevant docu-
ments (C05) [104] (CC BY 4.0)
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Figure 4.21: Incomplete requirements exist
(C10) [104] (CC BY 4.0)

Another difference can be observed in relation to challenge C10: In-
complete requirements exist. Figure 4.21 shows that internal em-
ployees answered more often with “does occur” (% fintern = 90.5%,
Nintern = 21) and external employees more less (% fextern = 44.4%,
Nextern = 9). This means that external employees are less likely to be
confronted with incomplete requirements than internal employees.
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Requirement specifications that are given to suppliers for the creation
or implementation of test cases, may have a better quality of require-
ments than internal requirement specifications. On the one hand, this
may be due to the fact that internal requirements specifications often
contain more innovative topics and thus usually have a lower degree
of maturity. On the other hand, requirement specifications, which are
part of a contract, may be examined more closely in order to reduce
possible misinterpretations on the external side.

In addition, results show a statistically significant correlation with a
medium effect size for challenge C10 between internal and external
employees and the occurrence of incomplete requirements in require-
ment specifications, p = 0.014, φ = �0.499.

Another difference was detected concerning challenge C57: Many
different model series. As shown in Figure 4.22, internal employees
answered more often with “does occur” (% fintern = 87.5%, Nintern = 24)
than external employees (% fextern = 50%, Nextern = 10). This means
that for internal employees, the challenge of several model series
contained in one test case specification occurs more often than for
external employees. This phenomenon can be explained by the fact
that the creation of test case specifications is usually commissioned
based on one model series and thus the complexity has always been
reduced for external employees.

Moreover, results show a statistically significant correlation with a
medium effect size for challenge C57 between internal and external
employees and the contained number of model series in a test case
specification, p = 0.031, φ = �0.403.
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Figure 4.22: Many different model series
(C57) [104] (CC BY 4.0)
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Figure 4.23: Unclear interface definition to
the overall process (C63) [104]
(CC BY 4.0)

Furthermore, there is a difference in the occurrence of the challenge
C63: Unclear interface definition to the overall process. Similar to
Figure 4.22, Figure 4.23 shows that internal employees answered more
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often with “does occur” (% fintern = 90.9%, Nintern = 22) than external
employees (% fextern = 50%, Nextern = 8). For internal employees, the
process-related challenge that defined interfaces between individual
test teams are missing, occurs more often than for external employees.
This also corresponds to the statements from the interviews. Some-
times test cases are executed redundantly on different test platforms
and the different test platforms usually do not know anything about
the execution status of the test cases. For example, it is often unnec-
essary to execute a test case at system level if it has already failed
at component level. However, this very often happens in reality be-
cause an established approval process is missing or the interfaces to
the overall process are unclear. In contrast, external employees are
often confronted with a reduced complexity as they provide fewer test
platforms and thus have more expertise for a specific test platform.

In addition, results show a statistically significant correlation with a
medium effect size for challenge 63 between internal and external em-
ployees and the occurrence of incomplete requirements in requirement
specifications, p = 0.029, φ = �0.452.

The last difference was found related to challenge C87: Non-continu-
ous tool chains. Figure 4.24 shows that internal employees answered
more often with “does occur” % fintern = 91.7%, Nintern = 24) than
external employees (% fextern = 62.5%, Nextern = 8). For internal em-
ployees, the challenge that there is no continuous tool chain occurs
more often than for external employees. This phenomenon is not ex-
plicitly evident from the interviews. It is possible that the number
of heterogeneous tools used by the suppliers surveyed is lower than
those used by internal employees. However, it becomes clear from
the free text answers that the tool chain used internally has larger
deficits. Suppliers are usually only aware of a small proportion of this,
which could explain the differences.
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Figure 4.24: Non-continuous tool chains (C87) [104] (CC BY 4.0)
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Furthermore, results show a statistically significant correlation with
a medium effect size for challenge C87 between internal and external
employees and problems related to the usage of heterogeneous tools,
p = 0.005, φ = �0.567.

For all other challenges, no significant differences could be deter-
mined, which meant that the null hypothesis could not be rejected. As
a result, the assessment of the occurrence of all other challenges is to
be considered equal for both groups and there are no differences be-
tween them. In addition, no significant differences between the groups
could be identified for the assessment of the frequency and criticality
of the challenges. Based on the survey results, it can be stated that
the differences between internal and external employees regarding the
identified challenges can be considered minimal.

4.3.3 Concluding Remarks on the Assessment

The results of the descriptive study show that the identified challenges
are assessed differently in terms of their frequency of occurrence
and criticality. In order to give a comprehensive overview of the
assessments of all 92 challenges, the mean values for the frequency
of occurrence and criticality for each challenge were calculated and
plotted in a scatter plot (cf. Figure 4.25). This reveals the differences
between the assessments of challenges for each category.

Basically, the median should be used instead of the mean for ordi-
nal data to measure the central tendency. However, the treatment of
ordinal scales as interval scales is controversially discussed [111] but
it has become common practice [12]. Therefore, the Likert scales are
interpreted as “measurement per fiat” and treated as interval scaled.

Figure 4.25 illustrates that the data points in the upper right quad-
rant have been rated as “very critical” by the survey participants and oc-
cur “very often”. Hence, challenges in this quadrant can be considered
as riskier than data points in the lower left quadrant (“not critical”
and “does not occur” occurring). For example, the challenge C68 (in-
creasing outsourcing leads to loss of knowledge) is rather critical and
occurs more frequently, while challenge C26 (spelling errors in test
case specifications) occurs less frequently and is rather uncritical. The
scatter plot shows that the assessments of challenges per category are
rather closer together and form clusters. For example, process-related
problems (M6) are expected more in the two right quadrants (occur be-
tween “rare” and “sometimes” and between “partly critical” and “rather
critical”), as well as communication-related problems (M7), quality
assurance related problems (M8) and tool-related problems (M9). In
particular, it is interesting that challenges C68, C69 and C70 all re-
lated to outsourcing test activities, have been rated most critical and
most frequently, although it is common practice in the automotive
industry to commission such activities and not do them in-house.
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Figure 4.25: Comparison of the assessed challenges in terms of frequency of
occurrence and criticality [104] (CC BY 4.0)

Content-related problems with input artifacts (M2) tend to occur less
frequently and partially critical. Test case description related prob-
lems (M4) tend to occur rarely, but are assessed very differently in
their criticality. Problems of no other category were rated so differently.
They have the characteristic that they strongly differ in their assess-
ment of criticality between “not critical” (e.g., C26, spelling errors in
test cases) and “rather critical” (e.g., C35, missing preconditions in test
cases). There are also greater differences in the frequency of occurrence
regarding availability problems with input artifacts (M1). Although
all problems are predominantly rated as “partly critical”, they differ in
their occurrence between “very rare” to “sometimes”. Furthermore, test
case specification content related problems (M5) differ very strongly
and are distributed over three quadrants. However, the similar assess-
ments of challenges belonging to the same category (except category
M1, M4 and M5) could also be a threat that challenges of a category
might have been assessed similarly, as they were shown to survey
participants in groups according to the categories.

http://creativecommons.org/licenses/by/4.0
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Overall, this allows the following research question to be answered:

RQ1.3: How do practitioners assess the frequency of occurrence and
the criticality of the identified challenges?

It is evident that the assessments of the challenges and thus
also of the categories differ. An overview of the assessments is
illustrated in Figure 4.25. Above all, quality assurance related
challenges are to be emphasized, as these were assessed as more
frequent and more critical than other challenges.

The results of the descriptive survey enable the prioritization of
challenges that can be used to determine the order in which they
should solved. In this respect, particular attention should be paid
to quality assurance related challenges. This aspect underlines the
necessity of the research focus in this thesis and confirms experiences
from previous open-minded interviews with automotive experts that
there is a poor quality of test case specifications.

With regard to research question RQ1.4:, the examination of differ-
ences in the assessments allows the following answer:

RQ1.4: How do the identified challenges differ between external and
internal employees?

The identified challenges do not differ significantly in the assess-
ment of frequency and criticality between internal and external
employees. However, a significant difference exists in the occur-
rence of the challenges. External employees, for example, are often
faced with the challenge of missing access to relevant documents
(C5). In contrast, internal employees tend to handle incomplete
requirements (C10), many different model series (C57), unclear
interfaces to the overall process (C63) and non-continuous tool
chains (C87). However, if these challenges occurred at all, there
was no difference in their assessment in terms of frequency and
criticality.

With the completion of the two studies presented, problems regard-
ing the quality of automotive test case specifications were investi-
gated. Thus, according to Activity 1 of the DSR process (cf. Figure 1.2,
Page 9), a deeper understanding of the problem area could be gained,
which is the basis for performing Activity 2. Therefore, in the fol-
lowing section, based on the acquired knowledge, the objectives of
a solution are defined in order to improve the quality of automotive
test case specifications.
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4.4 objectives for solving quality problems

The previous sections provide a comprehensive overview of the pre-Taxonomy and
Assessed Challenges

as Basis
dominant challenges in the context of automotive test case specifica-
tions. In this respect, the main outcome of Activity 1 (identify problem
and motivate) of the DSR process (cf. Section 1.3) is primarily Table 4.3
with the assignment of 92 concrete challenges (C01 – C92). In addition,
the results presented in Figure 4.25 confirms the existence of these
challenges and highlights their relevance. Hence, the identified chal-
lenges and their assessment form the basis to derive objectives for a
solution in Activity 2 (define objectives of a solution).

The guiding question for this thesis is: “How can the quality of auto-
motive test case specification be improved?” However, related to this is
primarily the question “How can the quality of a test case specification
be assessed?” Based on this, the following question can be addressed:
“How can quality deficiencies be prevented?” Hence, the main objectiveProviding Quality

Assurance Methods
as Main Objective

for a solution is to define quality assurance criteria for test case speci-
fications. As described in Section 2.3, a distinction is made between
constructive and analytical quality assurance methods with regard
to (software) product quality. Therefore, a test case specification is
also subject to quality assurance because it is a development artifact
that is part of a software product. For this reason, the remainder of
this section is divided into analytical (Section 4.4.1) and construc-
tive (Section 4.4.2) quality assurance methods. In these sections it is
described which of the identified challenges will be addressed by
solution artifacts according to the DSR process within this thesis.

4.4.1 Analytical Quality Assurance Methods

Challenges in the main category M8 (quality assurance related prob-Indications of
Inadequate

Analytical Quality
Assurance

lems) indicate an inadequate implementation or definition of analytical
quality assurance methods. In particular, these challenges are assessed
as predominantly critical and more frequent, as the reduced represen-
tation of the assessed challenges in Figure 4.26 shows. For this reason,
the following challenges are treated in more detail in this thesis.

Some challenges are not predestined to be addressed by analytical
quality assurance methods. Challenges C84 (shortage of manpower to
conduct reviews) and C86 (lack of time to conduct reviews) refer to
organizational aspects related to conducting reviews. These challenges
must be addressed in the context of project management or through
project-specific or company-specific guidelines. Challenge C85 (test
case specification is too large for conducting a full review) is associated
with the increasing complexity of the systems developed and to be
tested and is therefore not directly influenceable. All in all, challenges
C84, C85 and C86 are not treated in this thesis.
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Figure 4.26: Results for main categories M4 and M8

From the challenges C78 (quality characteristics for a test case speci-
fication are unknown), C79 (established metrics for quality assessment
are missing), C80 (requirement coverage is the only known quality
metric), and C82 (company guidelines for quality measurement are
missing) it emerges that the understanding of which criteria constitute
a high-quality automotive test case specification must be strengthened.
Quality models are a suitable approach for operationalizing the con-
cept of quality (see Section 2.3.2). They define quality criteria, on the
basis of which a statement about the degree of quality can be made.
Therefore, a quality model for automotive test case specifications is Solution Artifact:

Automotive Test
Case Specification
Quality Model

considered to be a suitable solution artifact for addressing challenge
C78. According to DSR, the classification of this artifact corresponds to
a model [78, 140]. Figure 4.27 shows this artifact, its classification and
its relationship with other artifacts. The instantiation of this quality
model is based on the definition of the metrics corresponding to the
quality criteria. This will address the challenges of C79 and C80.

Furthermore, as far as defined quality criteria exist, the challenges
C81 (tools used do not generate quality reports) and C82 (company
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guidelines for quality measurement are missing) indicate that mech-
anisms are needed to support practitioners in performing quality
assessment. A prerequisite for this is that quality criteria and metrics
for measuring them are defined. Additionally, it must be determined
how the measurement of metrics or the assessment of a quality crite-
rion can be supported. For this purpose, the transfer of quality criteria
into checklists and their application in reviews is a suitable instrument
(see Section 3.2.3). Therefore, review checklists should guide practi-Solution Artifact:

Review Checklists tioners in assessing the quality of test case specifications. These review
checklists are intended to address challenge C82 in particular. In ad-
dition, a solution is to be developed which enables a tool-supported
application of the review checklists in order to address challenge C81.

Furthermore, a review guideline is intended to document the fun-Solution Artifact:
Review Guideline damental review process and to explain the application of the review

checklists within this process. This is to address challenges C82 and
C83 (lack of established review processes).

Automotive Test Case Specification 
Quality Model

Model

Instantiation of the Quality Model 
(Definition of Metrics)

Instantiation

C78

C79 C80

Instantiation

C82

C81C83

Review Checklist
(Excel)

Review Checklist
(QualiCheck)

Review Guideline

C82

C82

Figure 4.27: Solution artifacts (blue frames), their classification (red frames),
and addressed challenges (green circles)

To sum up, the solution artifacts described and illustrated in Fig-
ure 4.27 aim to answer the question posed at the beginning of this
section: “How can the quality of a test case specification be assessed?” For
this purpose, the quality model is an approach on which the review
guideline and the review checklists are developed as a mechanism to
support reviewers of test case specifications in their work.

4.4.2 Constructive Quality Assurance Methods

In order to prevent quality deficiencies in test case specifications
during the creation phase, it is appropriate to develop constructive
quality assurance methods which ensure that defined quality criteria
are met at an early stage. This relates to the question “How can quality
deficiencies be prevented?”
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Main category M4 (test case description related problems) in par-
ticular contains a list of frequent defects in test case specifications
which can become a problem for reviewers and testers. The assess-
ment of these challenges is very broad. With regard to criticality and
as shown in Figure 4.26, these include rather uncritical challenges,
such as spelling errors (C26), up to very critical deficiencies, such as
missing preconditions, actions, or expected results (C35 – C37).

Basically, the challenges in main category M4 can be divided into
two groups. On the one hand, there are a number of challenges Challenges related to

test case specification
template compliance

(C35 – C43) that relate to the compliant filling of the respective test
case specification template and the methodical procedure defined for it.
This includes, in particular, whether mandatory attributes were filled
or not. For example, according to the ISO 29119 [90] standard, for the
complete specification of a test case an ID, preconditions, actions, and
expected results are mandatory (cf. test case basic attributes in Sec-
tion 2.2.2). In addition, there are automotive specific attributes (cf. test
case metadata in Section 2.2.2). To address such template related chal-
lenges through constructive quality assurance methods, appropriate
tool support can help by advising the author of test case specifications
that certain mandatory attributes have not yet been filled. Such tool
support has already been provided by the company considered in
this work by developing a test case specification editor called NESSIE
(see Section 7.1.2 for details). The verification of the fill status of the
attributes of a test case specification, which is considered necessary
by the practitioners, is either already implemented in this tool or has
been extended according to the identified challenges. Therefore, this
aspect is not discussed in detail in this thesis, but these challenges are
a relevant input for reviewing test case specifications and should be
considered for the development of the review checklists.

On the other hand, there are challenges related to how mandatory at- Challenges related to
how test cases are
described

tributes are filled. In this case, the primary focus is on how actions, ex-
pected results and preconditions are described by test designers. Most
of the problems mentioned by practitioners are related to the language
used (C25, C26, C33), the writing style and formulations preferred by
the author(s) (C27, C29, C30, C32), ambiguities or inaccuracies in test
cases (C28, C31, C44, C45, C46, C49), incomplete test cases (C34), and
other content-related properties of a test case (C47, C48, C50 – C55).

In this respect, the conducted interviews (cf. Section 4.2.2) revealed
in particular that the following aspects are important for practitioners
for improving test case documentation:

• Unifying of used (technical) terms and phrasing

• Improving readability and comprehensibility of test cases

• Avoiding incomplete and therefore faulty test cases

• Avoiding complex and ambiguous test case descriptions in prose

• Considering system- and test platform-specific characteristics
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These aspects and the identified challenges related to how actions,Idea: Using
Templates for

Specifying
Automotive Test

Cases

expected results and preconditions are described indicate a possible
improvement through the use of test case templates or boilerplates
for specifying natural language test cases. In Section 3.3.2, require-
ments boilerplates were presented, and studies were listed [2, 31, 85,
112, 128] which show that templates offer advantages for the docu-
mentation of natural language requirements by reducing ambiguous,
incomplete, incorrect requirements. The use of templates for the speci-
fication of test cases would support the uniform use of (technical)
terms and avoid complex descriptions in prose. Templates would
also prescribe which information is required at which point in the
description, so that incomplete test cases would tend to be avoided. In
addition, if test designers and testers agree on templates to be used
for the test case description, this could prevent misunderstandings
and improve the readability and comprehensibility of the test cases.
Also, system or test platform-specific aspects in test case descriptions,
as described in Section 2.2.2, could be considered by system or test
platform-specific test case templates.

To underpin this idea, the 36 participants of the descriptive surveyPractitioners would
like to use templates

and dictionaries
(cf. Section 4.3) were additionally asked in a separate opinion sur-
vey whether they believed that the use of templates and dictionaries
would improve the quality of test case specifications. As the results
in Figure 4.28 show, 64% of respondents believe that using templates
would improve quality. 61% believe this for the use of dictionaries.

22%

17%

64%

61%

14%

22%Quality improvement through the use of templates

Quality improvement through the use of dictionaries

100 50 0 50 100

No I can't judge that Yes

Figure 4.28: Survey results for quality improvement through dictionaries and
templates

As described in Section 2.4, DSLs are an appropriate approach toAutomotive Testing
DSLs use a unified vocabulary adapted to a specific domain, in this case

the domain of the respective test designers and testers. Furthermore,
there is a comparable approach [14] from requirements engineering,
which uses DSLs as a suitable tool for the implementation of CNLs
and thus support the use of templates (cf. Section 3.3.2). By providing
specific DSLs for the specification of test cases, it would be possible
to implement system and test platform-specific test case templates.
System- and test platform-specific DSLs are summarized in the fol-
lowing under the term Automotive Testing DSLs. The concepts of
an Automotive Testing DSL have to be inspired by the grammar and
established vocabulary previously used in respective automotive test
case specifications. This is important because the need to learn a new
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language and the lack of the necessary means of expression would
reduce user acceptance. In this context, existing DSLs [43, 44, 57, 62, Why not use existing

Testing DSLs?
72, 73, 82, 163, 180, 191] (also from other domains), which are used for
the specification of test cases, were examined for their applicability.
An overview of these DSLs is given in Section 3.3.1. However, none
of them seem to be appropriate due to a missing accuracy of fit to
the automotive domain and their concepts (e.g., more complex de-
scription of test cases are necessary), a lack of documentation or tool
dependencies. Moreover, it should be kept in mind that the considered
automotive systems and test platforms have different demands for the
description of test cases, such as different user interfaces, input data,
operating modalities, or test platform specific information. Best prac-
tices of each system for describing test cases that have been established
over time should be supported by a used DSL. None of the Testing
DSLs considered supports this demand. Furthermore, this leads to the
conclusion that a single Automotive Testing DSL for all systems is not
suitable. Instead, system- or test platform-specific Automotive Testing
DSLs are required.

In order to provide such suitable specific Automotive Testing DSLs, Solution Artifact:
Test Case
Specification-
Oriented Domain
Analysis Method

a methodical approach for developing such DSLs is needed. There-
fore, the solution artifact concerning a constructive quality assurance
method is a systematic approach for developing Automotive Testing
DSLs for supporting the documentation of acceptance and costumer
experience test cases on system and integration test level. The basis
for a systematic derivation of test case templates are existing test case
specifications, since these already contain the commonly used vocabu-
lary. Hence, the developed method is called Test Case Specification-
Oriented Domain Analysis Method. According to DSR, this solution
artifact is classified as a method.

Figure 4.29: Solution artifacts (blue frames) and their artifact classification
(red frame) with assignment of challenges (green circles) ad-
dressed by these artifacts

As shown in Figure 4.29, this method contributes to the development
of Automotive Testing DSLs, which are instantiations. This means that
the method is operationalized to implement specific DSLs for a certain
system or test platform-specific context. In this way, these Automotive
Testing DSLs will address the challenges related to the description
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of test cases. In summary, the method shown in Figure 4.29 and
its instantiations realize a constructive quality assurance method to
improve the quality of test case specifications.



5
A C H E C K L I S T- B A S E D A P P R O A C H F O R R E V I E W I N G
T E S T C A S E S P E C I F I C AT I O N S

In accordance with Activity 3 of the DSR process (cf. Section 1.3,
Page 8), this chapter describes the design and development of the so-
lution artifact Automotive Test Case Specification Quality Model, which is
Contribution 2 of this thesis. Based on this, Contribution 3 comprises
the developed review checklists and the corresponding review guideline
as solution artifacts. Altogether, these solution artifacts address the
analytical quality assurance of automotive test case specifications.

Section 5.1 describes the quality model developed for automotive
test case specifications and the steps taken to develop it. Based on
the quality model, review checklists were derived to support inspec-
tors during the review process in inspecting test case specifications.
The overall concept regarding the application of the developed re-
view checklists is summarized in a review guideline. Both, review
checklists and review guideline are explained in Section 5.2. Finally,
Section 5.3 describes how the developed review checklists were ap-
plied by practitioners to real test case specifications and evaluated by
experts. Section 5.4 completes this chapter with concluding remarks.

5.1 a quality model for automotive test case

specifications

To improve quality, it is necessary to define quality criteria that can be
used for quality assurance. Hence, quality criteria are central elements
of quality models (cf. Section 2.3.2). Up to now, there exist no explicit There is currently no

explicit Quality
Model for
Automotive Test
Case Specifications

quality model for test case specifications in the automotive domain
that takes into account, for example, automotive-specific aspects of
test case documentation or compliance with functional safety require-
ments. The quality models from related work [3, 194] (cf. Section 3.1)
are both intended for automated executable test cases. The test code
quality model presented by Athanasiou et al. [3] refers to automati-
cally executable test cases respectively test code. Although the quality
model presented by Zeiß [194] represents an abstract quality model
that can be instantiated for various test technologies, it was mainly de-
veloped with a special focus on the instantiation of TTCN-3 test cases
for automated executable test cases. Accordingly, the corresponding
metrics also refer to executable test code. In addition, both quality
models are based on the outdated ISO 9126 standard [91]. However,
this thesis considers natural language based test case specifications in
the automotive domain that do not necessarily have to be executable
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automatically. Since none of the existing quality models takes natural
language based test cases as well as individual system-specific de-
mands from the automotive domain into account, it seems appropriate
to develop a new quality model for automotive test case specifications.
Therefore, the following research question is posed:

RQ2.1: What quality criteria must a quality model for automotive test
case specifications contain?

Based on this research question, this section describes how a quality
model for automotive test case specifications has been developed.
The basis for this is the general structure of a quality model and the
steps of the systematic GQM approach according to Basili et al. [9] for
developing quality models (cf. Section 2.3.2).

First, Section 5.1.1 describes the identification of the quality goal
(Step 1). Subsequently, Section 5.1.2 explains how quality characteris-
tics respectively questions (Step 2) and metrics (Step 3) were derived
based on results from the exploratory case study (cf. Chapter 4), work-
shops with testers and functional safety experts as well as collected
knowledge about test case quality from the literature presented in
Section 3.2 and internal documents at Daimler on the methodolog-
ical procedure for creating test case specifications. In Section 5.1.3,
the derived questions and metrics are aggregated to generic terms
(quality characteristics and subcharacteristics) and form the quality
model for assessing an entire automotive test case specification. This
is then compared with the product quality model from the ISO 25010

standard [93] and the quality model for executable test specifications
from Zeiß [194]. The developed quality model considers the entire test
case specification and is therefore quite comprehensive. For this reason,
Section 5.1.4 additionally defines a subset of established inspection
criteria for the review of individual automotive test cases.

5.1.1 Identification of Quality Goals

The first step in developing a quality model is to define the qualityTemplate-based
Definition of the

Quality Goal
goal by using the template defined by Basili et al. [9] as described in
Section 2.3.2. First, the object of measurement must be defined. Since
test case specifications are a fundamental part of the test process, de-
fects contained in them have effects on subsequent test process steps.
To avoid this, it is recommended to apply quality assurance methods to
this document. Therefore, the test case specification is defined as objectObject

of measurement according to the template by Basili et al. [9]. Since
the test case specification is a work product of the testing process (cf.
Section 2.1.3), it is classified as a product. Based on the conducted in-
terviews with test designers and testers (cf. Chapter 4) it became clear
that there are quality deficiencies in the existing test case specifications
and that there is a need to improve the quality of test case specifica-
tions. Thus, the purpose and issue of the quality model are to improvePurpose and Issue
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the quality of automotive test case specifications. An improved quality
of test case specifications should also reduce problems in their further
processing, e.g., incorrect implementation or execution of test cases
due to ambiguities in test case descriptions. Another aspect is the
viewpoint from which the quality of a test case specification is consid- Viewpoint

ered. For this, different consumers of the test case specification have
to be considered, such as test designers, functional safety assessors,
or testers. These different consumers have different demands for a Different Perceptions

of Qualitative Test
Case Specifications

qualitative test case specification. For example, a tester is interested
in whether he can execute a test case on his test platform at all and
whether all the necessary test data is included. A functional safety
assessor examines test cases to verify whether the corresponding test
case derivation procedures have been used according to the ASIL clas-
sification of the system and the recommendations from the ISO 26262

standard [89]. Such different demands should be considered within
a review so that these consumers do not receive a poor quality test
case specification. In order to specify the perspectives that a reviewer
should represent during the review, the different views to be consid- Review Views

ered for review are outlined below based on the roles related to a test
case specification (cf. Figure 1.1, Page 2):

(1) From the viewpoint of a methodologist (methodical view), compli- (1) Methodical
Viewance with company- or project-specific guidelines for the creation

and documentation of test case specifications has to be assessed,
e.g., compliance with templates.

(2) From a test manager’s viewpoint (test plan view), the review (2) Test Plan
Viewfocuses on the implementation of the test strategy defined in the

test plan, e.g., the correct derivation of test cases according to
the given test case derivation procedures, prioritization of test
cases or creation of test cases to achieve specific test goals.

(3) A review from the viewpoint of the department which develops
the system focuses on ensuring that all functionalities in the (3) Requirements

Viewrequirements specification (requirements view) are covered by
test cases and that test cases correspond to the content of the
requirements.

(4) From a tester’s viewpoint, the focus is on the feasibility of test (4) Test Platform
(Tester) Viewcases with respect to a particular test platform (test platform view),

e.g., whether test cases contain all test data required for the test
platform or whether a test case can be executed on the respective
test platform in a resource-efficient manner.

(5) In a functional safety assessment the correct implementation (5) Functional Safety
Viewof functional safety requirements according to the ISO 26262

standard [89] is reviewed by a functional safety manager or
engineer (functional safety view), e.g., correct implementation of
test goals and test derivation procedures.
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Overall, this results in the quality goal described in Figure 5.1.

Goal Purpose Improve

Issue quality aspects

Object (product) of automotive test case specifications

Viewpoint from a methodical view, test plan view, requirements
view, test platform view, and functional safety view.

Figure 5.1: Definition of the quality goal

5.1.2 Derivation of Questions and Specification of Measures

In the second and third step of the GQM approach, a set of questions
and metrics is defined to characterize how the assessment of the speci-
fied quality goal is performed [9]. In order to derive such questionsTriangulation for

Deriving Quality
Criteria

respectively quality criteria, several sources of knowledge were used
in this thesis, which are described in the following.

iso 29119 The ISO 29119 standard [90] defines vocabulary, pro-Source I:
ISO 29119 cesses, documentation and techniques for software testing. Part 3 of

the standard explicitly refers to test documentation, which includes the
test case specification. It defines the content of a test case specification
and the information necessary for the specification of a test case as
already described in Sections 2.2.2 and 2.2.3. This source is important
because it is an applicable standard related to test case specifications
and therefore has to be considered accordingly.

related work Related work is a compilation of various literatureSource II:
Related Work sources that deal with the quality of test cases and have already

been presented in Section 3.2. Specifically, the following literature
sources had an influence on the derivation of quality criteria and are
characterized in the following by the notations:

P Testing principles and best practices (P01 – P15) that lead to
high quality tests are defined by Bowes et al. [16] and have
already been presented in Table 3.1 (Page 42).

Q Test case qualities (Q01 – Q12) are defined by Meszaros et
al. [132] and have already been presented in Table 3.2 (Page 43).

NLTS Natural Language Test Smells (NLTS) (NLTS01 – NLTS07) are
defined by Hauptmann et al. [77] based on their experience
from the industrial environment. They have already been pre-
sented in Table 3.4 (Page 48).

TCR Petunova et al. [142] define questions for the assessment of
test cases and present them in a checklist for test case re-
views (TCR01 – TCR14), which have already been presented
in Table 3.6 (Page 52).

These literature sources are important, as they reflect the current
state of the art regarding the quality of test cases.
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test case specification user guide The Test Case Specifica- Source III:
Internal
Documentation

tion User Guide (TUG) [30] is a company-internal document of Daim-
ler that contains guidelines for test case documentation and takes into
account a specific tool environment, i.e., IBM DOORS. In particular,
the basic structure of a test case and its attributes (cf. Section 2.2.3) as
well as the structure of a test case specification (cf. Figure 2.4) are de-
scribed. This source is important because it contains internal company
regulations that have to be reflected in the quality model.

challenges Challenges (C) concerning test case specifications Source IV:
Challenges(C01 – C92) were summarized to a taxonomy and have already been

presented in Section 4.2.2. These identified challenges are important as
a source because they reveal certain problems in test case specifications
that are considered as quality deficiencies.

workshops To supplement the challenges resulting from the in- Source V:
Workshopsterviews with domain experts (cf. Section 4.2.2), two workshops with

domain experts were held.
There was one workshop focusing on functional safety (W-FuSa) W-FuSa: Workshop

focusing on
Functional Safety

aspects. This was considered necessary because no functional safety
manager or functional safety engineer was involved in the interviews
(cf. Table 4.2). In order to reflect this point of view in the quality model,
a workshop with functional safety experts from different departments
was conducted. The workshop took place during a regular meeting
of the functional safety committee of the company. A total of nine
functional safety experts, who work as functional safety managers,
conduct functional safety assessments or are responsible for process
and method guidelines concerning functional safety in the company,
participated in the workshop. The aim of the workshop was to dis-
cuss the following question: “Which aspects have to be examined from a
functional safety point of view in a test case specification review?”. For this
purpose, the following aspects related to functional safety were pre-
pared, which served as input and discussion basis for the workshops:

(a) Has the test plan been taken into account for creating test cases, e.g., Prepared Aspects for
the FuSa Workshopwith regard to test case derivation procedure or coverage criteria?

(b) Are all test cases linked to testable requirements?
(c) Which test case attributes must be filled from the point of view of

functional safety, e.g., test goal?

Aspects (A), (B) and (C) were discussed, examples confirmed and
supplemented by the workshop participants. The results of the work-
shop are summarized in Table 5.1. Particularly, regarding the ISO 26262

standard [89], great importance is attached to the relationship between
test plan and test case specification, which is reflected by the results
W-FuSa01 to W-FuSa04 of the workshop.
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Table 5.1: Results from the workshop with functional safety experts

ID Quality Aspect mentioned by the Functional Safety Experts

(A) Aspects to be considered with regard to the test plan

W-FuSa01 The test goal has to be defined for safety-relevant test cases according to the test goals
specified in the test plan.

W-FuSa02 The test case derivation procedures specified in the test plan have been used for
deriving test cases.

W-FuSa03 The test case specification has to fulfill the test coverage required in the test plan.

W-FuSa04 Test cases have to be specified for each function to be tested.

(B) Traceability between test cases and requirements

W-FuSa05 For all testable safety requirements exist test cases.

(C) Test case attributes and meta data to be specified

W-FuSa06 The test case derivation procedure has to be documented for safety-relevant test cases.

W-FuSa07 The test type has to be documented for safety-relevant test cases.

W-FuSa08 The priority has to be documented for safety relevant test cases.

W-FuSa09 The priority of safety-relevant test cases is set to the highest possible priority.

Furthermore, the test coverage of safety requirements (W-FuSa05),
the documentation of the test case derivation procedure (W-FuSa06),
the test type (W-FuSa07) as well as the priority (W-FuSa08 and W-
FuSa09) were emphasized by the functional safety experts.

The other workshop focused on the demands of testers (W-Testers).W-Testers:
Workshops focusing
on Testers Demands

In the interviews (cf. Section 4.2.2), participants who are also responsi-
ble for the implementation of test cases were well represented with
41.2% (7 out of 17, cf. Table 4.2). However, since they are the main
consumers of test case specifications, an additional analysis of this
view is advisable. Therefore, a workshop with five testing experts,
who review and implement test cases as well as document test results,
was conducted. Four of the workshop participants have already been
working in their current position for four to five years and one for
more than eleven years. In addition, four of the workshop participants
have an ISTQB® Certification Tester Foundation Level1. The quality
of the test case specifications currently processed by the workshop
participants was rated with 3.8 from a scale of 1 (very good) to 5 (very
poor), confirming the predominant quality problem with test case
specifications. The aim of the workshop was to discuss the questions:
“What is a qualitative test case from a tester’s point of view?” and “What
are typical findings for testers in a review?”. The workshop was based
on a total of 20 problems in test cases (so called test smells, cf. Sec-
tion 3.2.2) that were identified in previous reviews from three different
test case specifications currently being processed by the testers. The
test smells identified in the test case specifications included too many,

1 The International Software Testing Qualifications Board (ISTQB) is an orga-
nization that certifies competencies in the field of software testing, such as
the Tester Foundation Level: https://www.istqb.org/certification-path-root/
foundation-level-2018.html

https://www.istqb.org/certification-path-root/foundation-level-2018.html
https://www.istqb.org/certification-path-root/foundation-level-2018.html
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superfluous or missing preconditions, contradictory preconditions,
test cases that were not suitable for the corresponding test platform,
inconsistent terms and notations, very large test cases (e.g., 16 test
steps), mixing of actions and expected results, missing test purpose
description, incomplete, vague or inaccurate test case descriptions as
well as missing signal names and time behavior. 80% of the discussed
test smells have an effect on the work of the testers, such as incorrect
configuration of the test object, unnecessary testing effort, incorrectly
implemented test cases, failed test cases or the tester is forced to con-
tact the test designer due to ambiguities. In all cases, from the tester’s
point of view, the test designer is the person responsible for fixing the
test smells. The other 20% of the considered test smells rather have an
impact on the test designer, for example a resulting additional effort
in the test case documentation in case of a refactoring.

Overall, the results presented in Table 5.2 were gathered based on
the statements made by the testing experts during the workshop.

Table 5.2: Results from the workshop with testing experts

ID Quality Aspect mentioned by the Testing Experts

W-Tester01 The defined preconditions of a test case have to be complete.

W-Tester02 The defined preconditions do not contain any unnecessary preconditions.

W-Tester03 The defined preconditions of a test case have to be consistent, i.e., configurations
that have already been made are not overwritten by a subsequent precondition

W-Tester04 The sequence of the defined preconditions is logical and executable.

W-Tester05 The defined preconditions bring the test object into the state required for test
execution.

W-Tester06 Test cases for the corresponding test platform must be included in the test case
specification.

W-Tester07 The test cases have to be potentially executable with the test technologies typical for
the respective test platform.

W-Tester08 Ideally, the test case specification provides specific information for the tester, e.g.,
test sequence, test configuration, model series assignment.

W-Tester09 The test case descriptions contain information relevant to the execution of the test
for the respective test platform, e.g., signal names for the execution of HiL tests.

W-Tester10 The test cases can be implemented for the respective test platform taking into
account the available resources, such as time or personnel.

W-Tester11 A test case covers as few functions as possible, so that errors can be assigned
immediately and the time required to repeat the test case is appropriate.

All in all, the five presented sources – (1) ISO 29119, (2) Related
Work, (3) Test Case Specification User Guide, (4) Challenges, (5) Functional
Safety and Tester Workshops – form the knowledge base for identifying
questions and metrics according to the GQM approach [9].

In the following, the identified questions and metrics are presented
in Table 5.4. Each main question (e.g., Q1) is subdivided into subques-
tions (e.g., Q1.1). Below each subquestion the corresponding metrics
(e.g., M1) are listed. At the beginning of each subquestion an overview
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is given indicating which sources had an influence on deriving theInfluencing Factors

question and the corresponding metrics (see Influencing Sources in
Table 5.4). In addition, the influencing sources are explicitly docu-
mented for each metric (see References). Moreover, for each metric it is
indicated whether it is an objective or subjective metric. Objective met-Objective vs.

Subjective Metric rics correspond to absolute measurements (e.g., development times,
number of lines of code, number of errors) and are based on interval
scales. Subjective metrics are estimates (e.g., scope estimation, ratings
based on experience) and are used when no exact measurements are
available. They are based on nominal or ordinal scales [9]. The as-
sessment of different aspects of test case specification quality often
requires a subjective assessment based on expert knowledge of the
respective review perspective. All metrics are based on the assessmentAssessment

Standard standard defined in Table 5.3.

Table 5.3: Assessment standard

Assessment Description

OK The test case specification meets the requirement completely.

PARTLY The test case specification partially meets the requirement, i.e.,
parts of the test case specification do not fulfill the requirement
or do not fulfill it completely.

NOK The test case specification does not meet the requirement at all.

IRRELEVANT The requirement is not relevant to this test case specification,
i.e., if the requirement is not met, the quality of the test case
specification is not affected.

Furthermore, the review views (cf. Page 133) are documented inReview Perspective

Table 5.4 (see Review Perspectives), on the basis of which the corre-
sponding metric can be determined or estimated.

Since the identified questions and metrics are partly based onGeneralizability of
the Identified

Metrics
company-internal specific documents or guidelines and were devel-
oped based on a specific company (i.e., Daimler) as a concrete use case,
not all metrics are generic and therefore directly applicable to other
automotive test case specifications. Therefore, Table 5.4 indicates for
each metric the degree to which that metric is generalizable and thus
applicable to other automotive test case specifications. The indication
to what extent a metric is generic is given by one to three stars. One
star (�) means that this metric is based on specific aspects that apply
to test case specifications at Daimler. Two stars (��) indicate that
this metric may also apply to other automotive test case specifications
but may need to be adjusted. Three stars (���) indicate that this is
a generic metric that is also relevant for other automotive test case
specifications.
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Table 5.4: Determined questions and metrics based on the GQM approach [9]

Question Q1 Does the test case specification meet requirements for completeness, correctness
and appropriateness while complying with methodical guidelines?

Question Q1.1 Is a test case specification or are the test cases contained in it complete with
regard to the requirements from various reference documents?

Influencing Sources:

b ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) b Workshops
(W-Tester, W-FuSa)

Metrics M1 Test cases exist for each specified test goal in the test plan.

References: W-FuSa01 ���

Review Perspectives: Test Plan View Objective

M2 Test cases exist for each specified test platform in the test plan.

References: W-Tester06 ���

Review Perspectives: Test Plan View Objective

M3 Test cases exist for the specified variants of the test objects in the test plan.

References: C56 ��

Review Perspectives: Test Plan View Subjective

M4 The test case derivation procedures specified in the test plan were used.

References: W-FuSa02, C43, TCR06, TCR08 ���

Review Perspectives: Test Plan View Subjective

M5 Each test case is linked to at least one testable requirement.

References: TUG, C42, Q12, TCR02 ���

Review Perspectives: Methodical View Objective

M6 Each testable requirement is linked to at least one test case.

References: Q05, TCR04 ���

Review Perspectives: Methodical View Objective

M7 The assigned test platform for a test case is compatible with the Potential
Verification Method (PVM) specified in the requirement.

References: TUG, W-Tester07 �

Review Perspectives: Methodical View Objective

M8 Each function to be tested is covered by test cases.

References: W-FuSa04 ���

Review Perspectives: Requirements View Subjective

M9 Each function to be tested is covered by positive and negative test cases.

References: P09, TCR09 ���

Review Perspectives: Requirements View Subjective

M10 For each test case, all mandatory attributes are specified.a

References: C34, C38, C39, C40, C41, TUG, Q06 ��

Review Perspectives: Methodical View, Requirements View Objective

M11 For each test case the preconditions are complete.

References: C34, C35, W-Tester01, P14 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

a Set of mandatory attributes is defined in the Test Case Specification User Guide (TUG) [30] and, if necessary,
can be extended for specific project needs.



140 a checklist-based approach for reviewing

Continuation of Question Q1.1

Metrics M12 For each test case, there is at least one run test step.

References: C34, (C36, C37), TUG, C45, C49, P14, Q07 �

Review Perspectives: Methodical View Objective

M13 For each run test step, there are actions to be performed and expected results.

References: C34, C36, C37, TUG, P14, TCR11 �

Review Perspectives: Methodical View Objective

M14 For each init and shutdown test step within a test case there are actions.

References: C34, C36, TUG �

Review Perspectives: Methodical View, Requirements View Objective

M15 For each test case, the test data required for the respective test platform are
documented.

References: C31, C34, Q01, Q06, TCR07 ���

Review Perspectives: Test Platform (Tester) View Subjective

M16 The predefined chapter structure for test case specifications is adhered to
(cf. ISO 29119 standard [90], Figure 2.4 on Page 24).

References: ISO 29119, TUG ��

Review Perspectives: Methodical View Objective

M17 The responsible persons and departments for the test case specification are
documented (cf. Chapter 1.1 in Figure 2.4 on Page 24).

References: ISO 29119, C67, TCR02 ��

Review Perspectives: Methodical View, Requirements View Objective

M18 The corresponding test plan is documented (cf. Chapter 1.3 in Figure 2.4).

References: C3, ISO 29119 ��

Review Perspectives: Test Plan View Objective

M19 If external documents were used (e.g., standards), these are documented
(cf. Chapter 1.3 in Figure 2.4).

References: ISO 29119, (C42) ��

Review Perspectives: Methodical View, Requirements View Objective

M20 The scope of the test case specification is documented including typical pitfalls
of the system. (cf. Chapter 1.4 in Figure 2.4).

References: ISO 29119 ��

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M21 The test case specification contains additional information for the tester(s)
(cf. Chapter 2 in Figure 2.4).

References: C32, W-Tester08 ��

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective
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Question Q1.2 Are test cases of a test case specification specified correctly and with the
required accuracy?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) b Workshops
(W-Tester, W-FuSa)

Metrics M22 The content of the test cases corresponds to associated testable requirements.

References: C55, TCR14 ���

Review Perspectives: Requirements View Subjective

M23 All test cases do not contain suspected links.b

References: C64, C55 ��

Review Perspectives: Methodical View Objective

M24 Preconditions are not conflicting and do not negate each other.

References: C46, W-Tester03, P12 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M25 Preconditions are specified exclusively in reusable conditions or in the
precondition attribute.

References: TUG, (C90), P12 �

Review Perspectives: Methodical View Subjective

M26 The order of init test steps (preconditions with an order) is clear and correct.

References: C46, W-Tester04 �

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M27 The descriptions of actions and expected results of the individual test steps of
a test case match in content and are correct.

References: C45, C46, TCR10 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M28 The specified actions can be performed under the defined preconditions.

References: (C32), W-Tester05 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M29 Action descriptions do not contain expected results
(contraindication: passive voice phrases in actions).

References: C28, C45, P14 ���

Review Perspectives: Requirements View Subjective

M30 Test case descriptions are unambiguous (contraindication: “or”).

References: C46, C28, NLTS06 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M31 Test case descriptions do not contain any spelling errors.

References: C26, P02, TCR13 ���

Review Perspectives: Methodical View Objective

M32 The test case descriptions correspond to the respective documented test
purpose.

References: (C38) ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

b Suspected links exist between test cases and requirements if the last modified date of the requirement is
younger than the last modified date of the link. They are indicators that requirements have changed and that
corresponding test cases may not yet have been adapted.
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Question Q1.3 Are the test cases contained in the test case specification appropriate for the
fulfillment of specific tasks and objectives?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) b Workshops
(W-Tester, W-FuSa)

Metrics M33 The test case descriptions are suitable for the target test platform.

References: C32, P04, W-Tester07 ���

Review Perspectives: Test Platform (Tester) View Subjective

M34 The test cases are adequate for the test level that should be tested on the
respective test platform.

References: W-Tester07 ���

Review Perspectives: Test Platform (Tester) View Subjective

M35 The size of the test cases (e.g., number of test steps or words) is appropriate.

References: C85, W-Tester11, C49, P01, Q01, NLTS02 ���

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M36 The size of preconditions (e.g., number of conditions) used in test cases is
appropriate.

References: C85, W-Tester02, C49, P01, P13, Q01 ���

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M37 The number of linked requirements for the test cases is appropriate.

References: C47, C48, (C85), P03, P01, Q01 ���

Review Perspectives: Methodical View, Requirements View Subjective

M38 The test case specification has the potential to reveal faults.

References: P07, (Q02) ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M39 The test case are economical. Resource consumption and time behavior of
the test case are appropriate with respect to the potential information to be
obtained with the test result.

References: W-Tester10, P11, Q08 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

Question Q2 Does a test case specification use information from other documents so that
changes to that information can affect the test case specification?

Question Q2.1 Are the test cases of a test case specification independent of information from
other resources?

Influencing Sources:

l ISO 29119 (ISO) l Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M40 There are no links to external documents (except requirement specifications
and parameter modules).

References: TUG, (C58) �

Review Perspectives: Methodical View Subjective
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Question Q3 Is the test case specification or a test case understandable for certain users?

Question Q3.1 Does the test case specification provide repetitive structures that support certain
users in understanding or writing test cases?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M41 The structure and important aspects of the test case specification are docu-
mented at the beginning of the document (cf. Chapter 1 and 2 in Figure 2.4).

References: ISO 29119 ��

Review Perspectives: Methodical View, Requirements View Subjective

M42 The test cases are understandable without further information
(e.g., independent of chapter structure).

References: C34, C44, (C30), P02, NLTS06 ���

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M43 All abbreviations and technical terms used in the test cases are specified
(e.g., in a glossary).

References: C30, C29 ���

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M44 Technical terms are consistently used within the test case specification.

References: C27, NLTS07 ���

Review Perspectives: Methodical View, Requirements View Subjective

M45 The notations used in the test case specification are unambiguous.

References: C28, C46, P02, Q07 ���

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Subjective

M46 Style guides or test case templates are used.

References: C49, C27, C28, Q07 ��

Review Perspectives: Methodical View, Requirements View Subjective

M47 For each test case, the test purpose is specified.

References: C38, Q07 ���

Review Perspectives: Methodical View, Requirements View,
Test Platform (Tester) View

Objective

Question Q3.2 Is it possible to assign test results or test errors to specific test steps?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M48 Test cases are divided into test steps and each action can be clearly assigned to
an expected result.

References: TUG, C45, P12, Q07 ��

Review Perspectives: Methodical View, Test Platform (Tester) View Subjective
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Continuation of Question Q3.2

Metrics M49 A test failure can be clearly assigned to an affected function.

References: C42, P03, Q09 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M50 A test failure can be clearly assigned to an affected requirement.

References: C42, P03, Q12 ���

Review Perspectives: Requirements View Subjective

Question Q4 Is the test case specification suitable for handover to the respective test plat-
forms?

Question Q4.1 Does the test case specification provide repetitive structures that support certain
users in understanding or writing test cases?

Influencing Sources:

l ISO 29119 (ISO) l Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M51 All test cases intended for handover to respective test platforms are approved.

References: TUG ��

Review Perspectives: Requirements View Objective

M52 All approved test cases that are intended for further processing do no longer
contain placeholders.

References: C34 ��

Review Perspectives: Methodical View, Requirements View Subjective

M53 All approved test cases that are intended for further processing are linked to
testable requirements.

References: C42 ��

Review Perspectives: Methodical View, Requirements View Objective

M54 All approved test cases that are intended for further processing and contain
parameters in their test case descriptions are linked to the corresponding
objects from the parameter module.

References: TUG, C34 �

Review Perspectives: Methodical View Objective

Question Q4.2 Is it possible to repeatedly derive the same test case implementations from a
test case description or to repeat the same manual test case execution?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M55 The test case description allows the reproducible derivation of the same test
case implementations or a reproducible execution of manual tests.

References: C46, Q03 ��

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

M56 Test case descriptions do not contain alternative or optional test steps
(contraindication: “or”, “if”).

References: C45, (C46), NLTS03 ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective
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Continuation of Question Q4.2

Metrics M57 Based on the test case descriptions, the test cases are suitable for obtaining
reproducible test results.

References: P08, Q03 ���

Review Perspectives: Test Platform (Tester) View Subjective

Question Q5 Does the test case specification and its test cases meet special functional safety
requirements?

Question Q5.1 Are functional safety aspects considered in the test case specification with
respect to the test case attributes?

Influencing Sources:

l ISO 29119 (ISO) l Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) b Workshops
(W-Tester, W-FuSa)

Metrics M58 The test goal is specified for each safety relevant test case.

References: TUG, W-FuSa01 ���

Review Perspectives: Methodical View, Functional Safety View Objective

M59 The test type is defined according to the test plan for each safety-relevant test
case.

References: W-FuSa07 ��

Review Perspectives: Functional Safety View Objective

M60 Test case derivation procedure is specified for each safety relevant test case
according to the test plan.

References: W-FuSa06 ���

Review Perspectives: Functional Safety View Objective

M61 The test case specification meets the ASIL-dependent test coverage criteria as
described in the test plan.

References: W-FuSa03 ���

Review Perspectives: Functional Safety View Subjective

M62 All safety relevant test cases have the highest possible priority for test case
execution.

References: W-FuSa09, C39 ��

Review Perspectives: Methodical View, Functional Safety View Objective

Question Q5.2 Are functional safety aspects considered in the test case specification with
respect to requirement coverage?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

l Challenges (C) b Workshops
(W-Tester, W-FuSa)

Metrics M63 For each safety requirement at least one test case is specified.

References: W-FuSa05, (Q05) ���

Review Perspectives: Methodical View, Functional Safety View Objective
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Question Q6 Is the test case specification/are the test cases contained maintainable?

Question Q6.1 Do the test cases consist of separate elements so that a change to a test case has
as little effect as possible on other test cases?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M64 Test cases are atomic (contraindication: correlations or links to other test cases,
test cases have to be executed in a specific sequence).

References: C49, P14, Q04, Q10 �

Review Perspectives: Methodical View, Requirements View Subjective

Question Q6.2 Are similar parts of a test case description reused within the test case specifica-
tion?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M65 Test cases are linked to reusable conditions, if appropriate.

References: C52, P13 �

Review Perspectives: Methodical View Subjective

M66 Test steps are linked to reusable sequences, if appropriate.

References: C52, P15, NLTS05 �

Review Perspectives: Methodical View Subjective

M67 If reusable conditions or reusable sequences exist, they are used at least twice.

References: C52 �

Review Perspectives: Methodical View Objective

M68 There are no unused reusable conditions or reusable sequences in the test case
specification.

References: C52 �

Review Perspectives: Methodical View Objective

M69 Parameter modules are used, if appropriate.

References: TUG �

Review Perspectives: Methodical View Subjective

M70 There are no fixed values in test cases, if appropriate, i.e., test cases are parame-
terized.

References: C52, NLTS01 ��

Review Perspectives: Methodical View, Requirements View Subjective
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Question Q6.3 Is it possible to assess the impact of an intended change to a test case or to
identify the parts to be modified?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M71 The structure and content of the test case specification is sufficiently
documented.

References: NLTS04 ���

Review Perspectives: Methodical View, Requirements View Subjective

M72 The test case specification is well structured.

References: NLTS04 ���

Review Perspectives: Methodical View, Requirements View Subjective

M73 The test cases are well structured (e.g., test steps are used).

References: C49 ���

Review Perspectives: Methodical View, Requirements View Subjective

M74 Test cases and their application areas are further specified by additional
attributes.

References: C34, C40, C41 ��

Review Perspectives: Methodical View, Requirements View Subjective

Question Q6.4 Is it possible to modify a test case without introducing errors or compromising
the quality of the existing test case specification?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

l Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M75 There are no redundant test cases in the test case specification. If conscious test
case clones are included, they are marked accordingly.

References: NLTS05, (P04) ���

Review Perspectives: Requirements View, Test Platform (Tester) View Subjective

Question Q7 Is the test case specification suitable for further processing in the existing tool
chain without loss of information?

Question Q7.1 Is the test case specification suitable for transferring information to other
(software) systems?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

b Test Case Specification
User Guide (TUG)

b Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M76 The current test case specification template is used.

References: TUG, C90, C91, TCR01 �

Review Perspectives: Methodical View Objective

M77 The test case specification is filled according to the guidelines.

References: C91, TUG ��

Review Perspectives: Methodical View, Requirements View Subjective
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Question Q7.2 Is it possible to adapt the test case specification effectively and efficiently to
different test environments, model series or product variants?

Influencing Sources:

l ISO 29119 (ISO) b Related Work
(NLTS, TCR, P, Q)

l Test Case Specification
User Guide (TUG)

l Challenges (C) l Workshops
(W-Tester, W-FuSa)

Metrics M78 The specification of the test case can be adapted (e.g., to new/other test
environments).

References: P06, Q11 ���

Review Perspectives: Requirements View Subjective

A total of 78 metrics could be derived based on the various sources
of knowledge. In several iterations the questions were refined or
duplicates removed until the questions shown in Table 5.4 resulted. In
the following, the result of the GQM approach was used to define a
quality model for automotive test case specifications.

5.1.3 Definition of an Automotive Test Case Specification Quality Model

In this section, the questions and metrics derived from Table 5.4 are rep-
resented in a quality model by well-defined quality characteristics (see
Figure 5.2). This provides a better overview of the aspects contained
in the quality model. The developed quality model consists of sevenQuality Model for

Automotive Test
Case Specifications

quality characteristics: (1) Suitability, (2) Compatibility, (3) Usability,
(4) Reliability, (5) Safety, (6) Maintainability, and (7) Portability. Each char-
acteristic represents a specific question (Q1 – Q7 from Table 5.4) that
emerged using the GQM approach and represents it with a specific
term. The structure and some terms of the quality model are inspired
by the product quality model from the ISO 25010 standard [93].

Automotive Test Case Specification Quality

Completeness
￭ Test Plan 

Coverage 
Completeness
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Figure 5.2: Automotive test case specification quality model
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In the following, the seven quality characteristics and their subchar-
acteristics are explained in more detail. For this purpose, a definition
for the respective (sub-) quality characteristics is derived from each
(sub-) question (Q1 – Q7) and the metrics (M1 – M78) established in
the previous section (cf. Table 5.4) are assigned. In addition, similari-
ties and differences to other quality models, specifically the product
quality model from the ISO 25010 standard [93] (cf. Section 2.3.2) and
the test specification quality model from Zeiß [194] (cf. Section 3.1)
are discussed. For better readability, the quality characteristics of the
developed quality model for automotive test case specifications are
written in capitals (e.g., Suitability) and those of the other quality
models are written in lower case (e.g., functional suitability).

suitability is the degree to which a test case specification meets
stated and implied needs. This quality characteristic originates from
the question Q1 and comprises the subcharacteristics Completeness,
Correctness, and Appropriateness (see Table 5.5).

Table 5.5: Sub-quality characteristics of Suitability

Completeness (Q1.1) is the degree to which a test case specification or a test case
covers all specified needs regarding completeness with respect to various artifacts.

Accordingly, the subcharacteristics refer to certain reference documents:

Test Plan
Coverage
Completeness:

Considers the completeness of test cases and their correct
derivation according to the specifications in the test plan
(reference document: test plan).

Metrics: M1 – M4
Requirement
Coverage
Completeness:

Considers traceability between test cases and requirements
(reference document: requirement specification).

Metrics: M5 – M9

Test Case
Completeness:

Considers the completeness of test cases with respect to their
basic attributes and meta data (reference documents: ISO
29119 standard, test case specification user guide).

Metrics: M10 – M15
Test Case
Specification
Completeness:

Considers the completeness of a test case specification related
to its structure (reference document: ISO 29119 standard).

Metrics: M16 – M21

Correctness (Q1.2) is the degree to which the content of a test case is correct
specified with the needed degree of precision.

Correctness is divided into two further subcharacteristics:

Requirements
Consistency:

Considers the timeliness of test cases and their content-
related accordance with corresponding requirements.

Metrics: M22 – M23

Test Case
Correctness:

Considers the correctness of the content of the test cases
and the coherence of the contained pre and post conditions,
actions and expected results.

Metrics: M24 – M32

Appropriateness (Q1.3) is the degree to which the test case specification or a test
case facilitate the accomplishment of specified tasks and objectives.

Metrics: M33 – M39
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The quality characteristic Suitability is directly comparable with theComparison with the
Quality

Characteristic
Functional
Suitability

(ISO 25010)

quality characteristic functional suitability and its subcharacteristics
from the ISO 25010 standard [93] (cf. Figure 2.11, Page 31). Since an
automotive test case specification is not a system that provides various
functions that have to meet certain requirements and that cannot
be executed automatically in its current form, as it is possible with
TTCN-3 test case specifications, for example, there is no functional
suitability. The only function that a test case specification has to fulfill
is the generic requirements to detect failures of the SUT. However,
a test case specification can be assessed regarding its suitability in
terms of its ability to ensure that the contained test cases are complete,
correct and appropriate. This assessment is based on a comparison
with applicable guidelines and certain needs of subsequent usage
scenarios (e.g., test case implementation or manual test case execution).

Furthermore, the quality characteristic Suitability is comparable withSimilarities to the
Quality

Characteristic Test
Effectivity from

Zeiß [194]

the quality characteristic test effectivity in the quality model from Zeiß
(cf. Figure 3.1, Page 38). He derived test effectivity from the former qual-
ity characteristic functionality from ISO 9126 standard [91]. Its quality
subcharacteristic test coverage describes a measure for the completeness
of a test specification with regard to the system requirements [194].
This aspect is covered in the new automotive test case specification
quality model by the subcharacteristic Requirements Coverage Complete-
ness, where test cases have to exist for each requirement or function
(see M6 to M8). In addition, the quality subcharacteristic fault-revealing
capability is an aspect that is reflected in the subcharacteristic Appropri-
ateness (see M38). Moreover, the quality characteristic test correctness
from Zeiß describes the correctness of a test specification in relation to
the system specification [194]. This aspect is part of the subcharacter-
istic Requirements Consistency (see M22). As an additional aspect, the
developed quality model takes into account the timeliness of a test
case in relation to the last change date of the requirements related to it
(see M23). The quality characteristic Correctness in the developed qual-
ity model focuses more on the correct and accurate specification of test
cases as well as on the plausibility and completeness of preconditions
(see M24 to M26).

In addition, compared to the two other quality models, the de-Additional Quality
Characteristics of the

developed Quality
Model concerning

Suitability

veloped quality model explicitly considers the relationship to the
test plan (Test Plan Coverage) to emphasize its relevance to test case
specification creation. Moreover, aspects that contribute to the com-
pleteness of a test case are summarized and highlighted under the
separate subcharacteristic Test Case Completeness and thus especially
challenges regarding incomplete test cases are addressed (see ToC-4.3,
Page 86). Furthermore, structural aspects of a test case specification
are taken into account by subcharacteristic Test Case Specification Com-
pleteness and thus recommendations of the ISO 29119 standard [90]
are also considered.
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compatibility is the degree to which a test case specification
exchange information with other systems and remains unaffected by
shared resources. This quality characteristic originates from the ques-
tion Q2 and comprises the subcharacteristic Co-existence (see Table 5.6).

Table 5.6: Sub-quality characteristic of Compatibility

Co-existence (Q2.1) is the degree to which a test case specification is independent
of resources shared with other documents.

Metrics: M40

The quality characteristic compatibility is also defined in the product Comparison with the
Quality
Characteristic
Compatibility
(ISO 25010)

quality model of the ISO 25010 standard [93], where it describes the
degree to which a product is able to exchange information with other
products. Since the test case specification is a document and not a
system, it does not directly exchange information with other systems.
However, to what extent a test case specification is suitable for trans-
ferring the contained test cases to other systems is considered under
the quality characteristic Portability (cf. Table 5.11). Thus, the quality
characteristic compatibility and its subcharacteristics are not directly
adopted into the developed quality model. Based on the knowledge
gained about test case specifications from interviews with test experts,
the distribution of test cases across different sources is a challenge
(see ToC-5.2, Page 87). In accordance with internal testing guidelines
defined in the TUG, a test case specification should also provide all
the necessary information about the test cases independently of other
information sources, so that a change in an external source has no
unintended effects on the test cases (see M40). Therefore, the quality
subcharacteristic Co-existence considers aspects related to the depen-
dency on other artifacts that may affect the test case specification.

A quality characteristic comparable to Compatibility is not considered No Comparable
Quality
Characteristic to
Zeiß [194]

in the quality model from Zeiß [194].

usability is the degree to which a test case specification or a
test case can be read, understood or learned by specified users. This
quality characteristic originates from the question Q3 and comprises
the subcharacteristics Learnability and Test Evaluability (see Table 5.7).

Table 5.7: Sub-quality characteristics of Usability

Learnability (Q3.1) is the degree to which a test case specification contains or
provides repeating structures or test case descriptions that support specific users
in understanding or writing test cases.

Metrics: M41 – M47

Test Evaluability (Q3.2) is the degree to which test results or test failures can be
assigned to certain test steps.

Metrics: M48 – M50
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In comparison to the quality characteristic of the same name inComparison with the
Quality

Characteristic
Usability

(ISO 25010)

the product quality model (cf. ISO 25010 standard [93]), the quality
characteristic Usability with respect to a test case specification focuses
more on its comprehensibility and readability. Accordingly, only the
quality characteristic Learnability is comparable to that of the ISO 25010

standard, as it also refers to the degree to which specific users can
use a product respectively a test case specification to achieve certain
objectives. Other quality characteristics from the ISO 25010 standard
are not applicable for test case specifications or are otherwise included
in the developed quality model. Thus, the quality characteristic ap-
propriateness recognizability, the degree to which users can recognize
the suitability of a product for their needs, is comparable to the de-
gree to which a test case specification is suitable for a particular test
platform. This is already considered in the quality characteristic Appro-
priateness. In contrast, the quality characteristics operability, user error
protection, and user interface aesthetics from the ISO 25010 standard refer
to systems that provide a user interface to the user. Since a test case
specification is a document and does not implement its own control
concept, the respective tool in which the test case specification is avail-
able would be assessed in this case. Therefore, no comparable quality
characteristics to these are contained in the developed quality model.
Furthermore, the user group of a test case specification is specific
and there is neither the intention nor the necessity to make a test
case specification understandable for everyone. Therefore the quality
characteristic accessibility of the ISO 25010 standard is not relevant for
the developed quality model.

In comparison to the quality model from Zeiß [194], aspects fromSimilarities to the
Quality

Characteristic
Usability from

Zeiß [194]

its quality characteristics learnability and understandability are com-
bined in the developed quality model under the quality characteristic
Learnability (see M41 – M47). Zeiß additionally defines the quality
characteristic operability, which refers to the degree of unwanted but
necessary manual actions to be performed for test execution. Since
customer experience test cases are typically manually executed test
cases in a vehicle prototype, this interpretation of the quality charac-
teristic is not relevant for the developed quality model. In contrast,
the interpretability of a test result also plays an important role for
automotive test case specifications. Therefore, the aspects regarding
the assignment of test failures (see M48 – M50) are summarized in
the developed quality model under the identically named quality
characteristic Test Evaluability.

reliability is the degree to which a test case specification or
a test case are suitable further processing and for deriving repro-
ducible results. This quality characteristic originates from the question
Q4 and comprises the subcharacteristics Maturity and Repeatability
(see Table 5.8).
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Table 5.8: Sub-quality characteristics of Reliability

Maturity (Q4.1) is the degree to which a test case specification meets the approval
criteria for further processing.

Metrics: M51 – M54

Repeatability (Q4.2) is the degree to which the same test case implementations or
manual test case procedures can be derived repeatedly from a test case description.

Metrics: M55 – M57

Compared to the quality characteristic of the same name in the Comparison with the
Quality
Characteristic
Reliability
(ISO 25010)

ISO 25010 standard [93], the focus of the quality characteristic Relia-
bility from the developed quality model is not on the executability of
certain functions under certain conditions. The automotive test case
specifications considered in this thesis are documents that cannot be
executed and therefore cannot contain any software or hardware errors.
For this reason, there are no quality characteristics comparable to the
quality characteristics availability, fault tolerance, and recoverability in the
developed quality model. However, since a test case specification has
to be sufficiently mature for further use in subsequent processes (e.g.,
test implementation or manual test execution), there is also a quality
characteristic Maturity in the developed quality model. However, this
does not refer to operation reliability, as in the ISO 25010 standard,
but to aspects that are regarded as an indication of the maturity of the
test cases contained (see M51 – M54).

Zeiß [194] additionally introduced the quality characteristic test Similarities to the
Quality
Characteristic
Reliability from
Zeiß [194]

repeatability to ensure the reproducibility of test results. In particular,
aspects regarding the reproducibility of test implementations from test
case descriptions can be assigned to this (see M55 – M57). Therefore,
there is also a quality characteristic Repeatability in the developed
quality model. There is no comparable quality characteristic in the
developed quality model for the quality characteristic security defined
by Zeiß which refers, for example, to plain-text passwords contained in
test case descriptions. Security with regard to sensitive data also plays
an important role in the automotive domain, but based on the sources
used (cf. Section 5.1.2) no explicit needs for such a quality characteristic
for assessing the quality of test case specifications can be established.
The protection of sensitive information and data that may be contained
in a test case specification is usually achieved by conscientiously
assignment of access rights to the respective test case specification.
This is done according to the functionalities of the software used
to store a test case specification (e.g., IBM DOORS) and is therefore
not a quality characteristic of the test case specification itself, but of
the software used in each case. Therefore, no quality characteristic
equivalent to the quality characteristic security from the quality model
by Zeiß [194] or from the ISO 25010 standard [93] is part of the
developed quality model.
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safety is the degree to which a test case specification or a test case
meets special demands for functional safety. This quality characteristic
originates from the question Q5 and comprises the subcharacteristics
Functional Safety Conformity for Test Case Attributes and Functional Safety
Conformity for Requirement Coverage (see Table 5.9).

Table 5.9: Sub-quality characteristics of Safety

Functional Safety Conformity for Test Case Attributes (Q5.1) is the degree to
which functional safety aspects are considered for test case attributes.

Metrics: M58 – M62

Functional Safety Conformity for Requirement Coverage (Q5.2) is the degree to
which functional safety aspects are considered requirements coverage.

Metrics: M63

The quality characteristic Safety exists in a comparable form neitherAdditional Quality
Characteristic Safety

of the developed
Quality Model

in the product quality model of the ISO 25010 standard [93] nor in
the test specification quality model defined by Zeiß [194]. Since the
ISO 26262 standard [89] plays an important role in the automotive
industry, aspects regarding the requirements coverage are considered
with the quality characteristic Functional Safety Conformity for Require-
ments Coverage (see M63). This characteristic represents an intensifica-
tion of the quality characteristic Requirement Coverage Completeness and
refers exclusively to the complete coverage of safety-relevant require-
ments. Thus, it is possible that the necessary requirement coverage of
the safety-relevant requirements is fulfilled, but not of all requirements.
Furthermore, the quality characteristic Functional Safety Conformity for
Test Case Attributes explicitly emphasizes the important connection
to the test plan and the test case determination procedure from the
perspective of functional safety experts (see M58 – M62).

maintainability is the degree of effectiveness and efficiency
with which a test case specification or a test case can be modified by
the responsible test designers. This quality characteristic originates
from the question Q6 and comprises the subcharacteristics Modularity,
Reusability, Analyzability, and Modifiability (see Table 5.10).

The quality characteristic Maintainability and its subcharacteristicsComparison with the
Quality

Characteristic
Maintainability

(ISO 25010)

are comparable with the quality characteristics of the same name from
the ISO 25010 standard [93]. Instead of referring to a system or product,
the respective characteristics refer to test cases and their properties. In
particular, importance is attached to the existence and use of reusable
constructs (e.g., reusable conditions or sequences) within a test case
specification (see M65 – M70). In addition, the atomicity of a test case
(Modularity) is regarded as desirable (see M64), also with regard to re-
gression testing, as this may reduce testing effort. A good Analyzability
(see M71 – M74) of a test case specification is of particular benefit to
new colleagues, since familiarization efforts can be reduced. Aspects
that could be assigned to the quality characteristic testability from the
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ISO 25010 standard [93] are not included in the developed quality
model, because the automotive and natural language based test case
specifications considered in this thesis cannot be tested dynamically
(i.e., by executing the test cases), but only by static testing. For the
latter, the developed quality model defines specific test criteria.

Table 5.10: Sub-quality characteristics of Maintainability

Modularity (Q6.1) is the degree to which a test case is composed of discrete
elements such that a change to one test case has no impact on other test cases.

Metrics: M64

Reusability (Q6.2) is the degree to which a test case or part of a test case descrip-
tion can be reused in the same or another test case specification.

Metrics: M65 – M70

Analyzability (Q6.3) is the degree of effectiveness and efficiency with which it is
possible to assess the impact on an intended change to one or more of test cases of
an test case specification, or to identify parts to be modified.

Metrics: M71 – M74

Modifiability (Q6.4) is the degree to which a test case specification or test case can
be effectively and efficiently modified without introducing defects or degrading
existing test case specification quality.

Metrics: M75

In comparison to the quality characteristic maintainability from Similarities to the
Quality
Characteristic
Maintainability from
Zeiß [194]

Zeiß [194], it can be said that the subcharacteristic changeability is
comparable to the quality characteristic Modifiability in the quality
model developed. The quality characteristic reusability defined by Zeiß
[194] is also considered as a subcharacteristic of Maintainability in the
developed quality model. Since test case specifications or the contained
test cases may be reused over several model series or in different vari-
ants, it can be agreed with Zeiß that this is an important aspect in the
assessment of the quality of test case specifications.

portability is the degree of effectiveness and efficiency with
which a test case specification can be transferred from one (software)
system to another. This quality characteristic originates from the ques-
tion Q7 and comprises the subcharacteristics Transferability and Adapt-
ability (see Table 5.11).

Table 5.11: Sub-quality characteristics of Portability

Transferability (Q7.1) is the degree to which a test case specification is suitable
for the transfer of information to other (software) systems.

Metrics: M76 – M77

Adaptability degree to which a test case specification can effectively and efficiently
be adapted for different test platforms, model series or variants.

Metrics: M78
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The ISO 25010 standard [93] also has a quality characteristic porta-Comparison with the
Quality

Characteristic
Portability

(ISO 25010)

bility. This refers to the transferability of a system from one hardware
or software to another. This aspect appears in relation to automo-
tive test case specifications since there are usually heterogeneous tool
chains in practice that require the transfer of certain test cases to an-
other system for further processing. This aspect is addressed by the
quality characteristic Transferability in the developed quality model
(see M76 – M77). In addition, a test case specification itself cannot be
installed in another environment because it is a document. Therefore,
there is no comparable quality characteristic in the developed quality
model to the quality characteristic installability from the ISO 25010

standard. Furthermore, since a test case specification has a certain
scope, a scenario in which a test case specification X is replaced by
a test case specification Y is not given. Therefore, there is no qual-
ity characteristic in the developed quality model that is similar to
the quality characteristic replaceability. However, it may be necessary
to adapt an existing test case specification to specific test platforms,
variants or model series. Therefore there is the quality characteristic
Adaptability in the developed quality model.

The quality characteristic adaptability defined by Zeiß [194] describesSimilarities to the
Quality

Characteristic
Portability from

Zeiß [194]

the adaptability of a test case specification to different test environ-
ments [194], which is comparable to the quality characteristic of the
same name in the developed quality model.

To summarize, Figure 5.3 provides an overview of the compari-
son between the quality model developed for automotive test case
specifications and the product quality model from the ISO 25010 stan-
dard [93] as well as the test specification quality model from Zeiß [194].
The quality characteristics in green letters, which do not occur in com-
parable form in existing quality models, are to be emphasized. For the
automotive domain, the quality characteristic Safety is of particular
importance, as it highlights aspects of functional safety that have been
confirmed by functional safety experts. Moreover, the uniqueness of
this quality model lies in the fact that an assessment and thus a state-
ment can be made regarding the quality of the entire test case specifica-
tion and not only regarding individual test cases, as it is usually shown,
for example, in existing work by testing principles or test smells.

The quality model as shown in Figure 5.2 has been developed with
the focus on natural language based test case specifications in the
automotive domain based on the current state of the art and current
challenges reported by practitioners. If the challenges regarding test
case specifications or the basic concept of test case specifications in
system integration testing and system testing change, the quality
model should also be adapted. This includes, for example, approaches
that aim the executability of test case specifications. In this case, further
quality characteristics would of course be of interest, such as fault
tolerance, recoverability or operability.
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Figure 5.3: Automotive test case specification quality model compared to the
product quality model from ISO 25010 standard [93] and the test
specification quality model from Zeiß [194]

Overall, the presented quality characteristics of a quality model for
automotive test case specifications form the basis for answering the
research question RQ2.1 as follows:

RQ2.1: What quality criteria must a quality model for automotive test
case specifications contain?

Based on various sources – ISO 29119, Related Work, Test
Case Specification User Guide, Challenges concerning Test Case
Specifications, Functional Safety and Tester Workshops – the fol-
lowing seven quality characteristics were derived: (1) Suitability,
(2) Compatibility, (3) Usability, (4) Reliability, (5) Safety, (6) Maintain-
ability, and (7) Portability. These are described in more detail by a
total of 17 subcharacteristics as shown in Figure 5.2.

The special feature of the developed quality model is that it refers
both to the entirety of the test cases contained in a test case specifi-
cation and their properties as well as to document properties (e.g.,
structure of the test case specification, documentation of persons
responsible and reference documents used) and thus enables an as-
sessment of a test case specification as a whole.
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5.1.4 Definition of Inspection Criteria for Automotive Test Cases

When it comes to evaluating a single test case, the developed quality
model presented in the previous section is too comprehensive. ThisConducting

Shortened
Preliminary Reviews

is especially true for the execution of preliminary reviews, where the
focus is not necessarily on reviewing the entire document, but on
coordinating a suitable specification of test cases. For instance, this is
usually done in the automotive domain between OEMs and so-called
test houses (contractors for the creation of test case specifications) in
early development phases. Hence, the six inspection criteria shown in
Table 5.12 were established together with automotive testing experts
(test designer, tester, test methodologists), based on the statements
from the interviews and findings from related work. They are a subset
of the quality characteristics presented in the quality model.

Table 5.12: Test case inspection criteria

Conformity to Test Case Documentation Regulations

According to the minimum requirements of the current test case specification template, the following
mandatory attributes must be filled: Test Case ID, Test Case Name, Test Description, Safety Relevant,
Test Platform, and Workflow Status. In addition, each test case must have at least one Run Test Step.
ñ Questions a reviewer should answer: Were all regulations for the documentation of test cases
adhered to?

Traceability & Correctness

Each test case must be linked to at least one requirement. Otherwise, the test case must be marked
as a free test case (e.g., in case of experimental testing, error guessing, etc.). Furthermore, the
content of the test case must reflect what is also described as a function in the linked requirements.
ñ Questions a reviewer should answer: Is there a traceability from the test case to the requirements?
Does the test case test the functionality described in the requirement(s)?

Simplicity

This is the fundamental principle that forms the basis for all other inspection criteria. The assump-
tion is that if complexity is avoided in test cases, the probability of errors in test cases is lower.
Simplicity can be expressed in the size of a test case (e.g., recommended are 3 to 8 test steps).
ñ Questions a reviewer should answer: How many test steps are included? How many requirements
does the test case cover?

4-Phase Test Design

This simple principle describes the fundamental procedure for test design, which should also be
reflected in the documentation of the test case. Therefore, the construction of a test case should
take into account the phases (1) setup, (2) execution, (3) validation, and (4) shutdown.
ñ Questions a reviewer should answer: Are pre- and post-conditions defined? Are shutdown test steps
explicitly specified? Is it possible to clearly assign expected results to the actions to be performed?

Comprehensibility

On the basis of the test description is it possible to understand what the test case is for.
ñ Questions a reviewer should answer: What is the intention of the test case? Is the test case procedure
(actions and expected results) logical and comprehensible? Is the name of the test case suitable?
Are any abbreviations or parameters defined? Are naming conventions or style guides adhered to?
Is the test case description unambiguous?

Test Platform Suitability

The test case is suitable for the selected test platform and can be executed on this platform.
ñ Questions a reviewer should answer: Is the test case suitable for the respective test platform? Does
the test case contain all the necessary information required for the execution on the respective test
platform?
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Test experts consider this set of inspection criteria to be appropriate,
especially for preliminary reviews or considering the effort required
to assess an average of 500 test cases per test case specification The
reasons for this are discussed in more detail in the following.

The inspection criteria Conformity to Test Case Documentation Regula- Conformity to Test
Case Documentation
Regulations

tions plays on the one hand an important role regarding the compliance
with testing relevant standards, such as the ISO 29119 standard [90],
which are also taken into account in internal guidelines. On the other
hand, compliance with these guidelines helps to ensure that a test case
is documented in such a way that it contains the relevant information
for subsequent processes and associated tool interfaces and that no
loss of information occurs when it is transferred to other tools.

Traceability of a test case to its origin is important in order to clearly Traceability &
Correctnessassign failed test cases to the affected functions. Similarly, a test case

should actually test the functionalities contained in the requirements,
which is expressed by the inspection criterion Correctness.

The inspection criterion Simplicity is primarily intended to avoid Simplicity

extensive test cases and thus positively influence the comprehensibility
as well as reduce the debugging effort of failed test cases. This also
includes that a test case is atomic, i.e., independent of other test cases.
This inspection criterion is based on the test case principle Simplic-
ity (P01) by Bowes et al. [16] (cf. Table 3.1, Page 42) and the test case
quality Concise (Q01) by Meszaros et al. [132] (cf. Table 3.2, Page 43).

In addition, the inspection criterion 4-Phase Test Design should also 4-Phase Test Design

make a contribution to the comprehensibility and completeness of a
test case. This inspection criterion should avoid incomplete or missing
expected results. It is inspired by the test case principle 4-Phase Test
Design (P12) from Bowes et al. [16] (cf. Table 3.1, Page 42).

Since the understandability of the test case has a decisive influence Comprehensibility

on its correct implementation or on its manual execution, Comprehensi-
bility belongs to the established inspection criteria. Misunderstandings
by the testers can lead to failures in the test implementation or test
execution as well as lead to further questions by the testers, which in
turn leads to increased testing effort.

The inspection criterion Test Platform Suitability is relevant because Test Platform
Suitabilityit is important for testers to receive test cases that are actually suitable

for their test platform. The typical example of component tests or user
tests that have been addressed to a HiL test platform that cannot be
executed without additional effort was mentioned in the interviews.
This should be avoided in order to reduce test efforts and to provide
the test platforms only with relevant test cases.

In summary, these inspection criteria represent a subset of the qual-
ity characteristics from the developed quality model presented in the
previous section. In particular, they are suitable for assessing the qual-
ity of individual test cases, for example during a preliminary review
or if no assessment of the entire test case specification is intended.
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5.2 inspection of automotive test case specifications

This section explains how checklists that are based on the quality
model for automotive test case specifications and inspection criteria
for automotive test cases presented in the previous section are used
in the formal review of automotive test case specifications. Therefore,
this section addresses the following research question:

RQ2.2: How can the quality model for test case specifications be integrated
into the inspection process?

Figure 5.4 shows the review process based on IEEE 1028 stan-
dard [86] and Spillner et al. [161], which is adapted to the review
of test case specifications. Accordingly, Phase 4 and Phase 6 explicitly
refer to the document test case specification.

1. Planning 
a Review

2. Preparing 
the Review

3. Performing 
a Kickoff

4. Inspect 
Test Case 

Specification

5. Performing a 
Review Session

6. Revise 
Test Case 

Specification

7. Check 
Revision

Kickoff not required

Further review required

Review Checklists 

Figure 5.4: Phases of the review process regarding a test case specification

A central aspect of a formal review is the preparation of the review
session (Phase 4) in which the review object – the test case specification
– is inspected by one or more reviewers (also called inspectors). In this
respect, checklists are a success factor for conducting reviews, as theyAdvantages of

Checklist Based
Inspections

increase effectiveness [121, 161]. Furthermore, Broekman et al. [18] see
advantages of checklists in the field of testing embedded software, be-
cause the experiences of testers can be explicitly recorded in checklists
and this knowledge can thus be used in future projects. Checklists are
also suitable for formalizing information about an artifact to be tested
and offer a systematic approach to conducting reviews.

Therefore, the use of checklists for the inspection of test case speci-
fications during Phase 4 is considered to be expedient as they con-
centrate the reviewer’s focus on typical problems and defects in test
case specifications. The problems and defects on which the developed
checklists focus have been identified based on the results of the case
study and the survey (cf. Chapter 4), on findings from related work
(cf. Chapter 3), standards (e.g., ISO 29119 [90]), and results from expert
workshops (cf. Section 5.1.2).

In the following, Section 5.2.1 first presents the checklists developed
and aspects of the corresponding review guideline for the review
of automotive test case specifications. Section 5.2.2 describes how
to conduct a review and the implementation of the developed re-
view checklists. In addition, Section 5.2.3 discusses possibilities which
checklist questions can be answered computer-assisted.
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5.2.1 Review Guideline and Review Checklists

Inspired by the challenge C82 (company guidelines for quality mea-
surement are missing, cf. Section 4.2.2.8), a review guideline and
review checklists were developed for conducting test case specifica-
tion reviews. In this respect, the review guideline explicitly targets
inspectors of a test case specification and does not address other roles
in the review process, such as author(s) of the test case specifications,
moderator and recorder during the review session(s). It is a document Content of the

Review Guidelinethat mainly describes how the developed review checklists are to be
used for the inspection of a test case specification (see Phase 4 in
Figure 5.4) and presents information on the following aspects:

1. Necessity of a test case specification review and the phases of
the review process (cf. Figure 5.4)

2. Reasons for the concept of a multidimensional review and
description of the relevant review dimensions

3. Quality model for automotive test case specifications
(cf. Section 5.1.3)

4. Quality criteria for an individual test case review
(cf. Section 5.1.4)

5. Structure and use of the review checklists

The necessity to perform a test case specification review is based Necessity of Test
Case Specification
Reviews

on (internal) guidelines. According to these guidelines, a test case
specification is a work or software product, which has to be reviewed,
as defined by standards such as the IEEE 1028 standard [86] (see
examples of software products: “software test documentation”).

The concept of the multidimensional test case specification re-
view is based on the multidimensionality of quality (cf. Section 3.2.1) Multidimensional

Test Case
Specification
Reviews

and combines it with the five different review views as defined in
Section 5.1.1 (cf. Page 133). In this way, different review perspectives
are taken into account for the assessment of test case specification
quality according to the roles (e.g., developer, system owner, functional
safety engineer, tester) relevant for test case specification creation and
further processing (cf. Figure 1.1, Page 2). Thus, a multidimensional
review considers different dimensions, reference documents, and roles Elements of a

Multidimensional
Review

according to Pfaller et al. [143]. The various dimensions form the basis
for conducting a multidimensional review. They are defined according
to the review views and are primarily intended to assess test case
specification quality in relation to conformity to one or more specific
reference documents. For example, the quality can be assessed by a
reviewer with regard to the conformity to test case documentation
regulations (e.g., test case specification user guide [30] or ISO 29119

standard [90]), i.e., whether test cases were specified according to
(internal) guidelines or using defined test case templates.
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The developed review guideline for the quality assessment of auto-Dimensions of a
Multidimensional

Test Case
Specification Review

motive test case specifications describes the following five dimensions,
which are based on the review views identified in Section 5.1.1.

methodical review i focuses primarily on formal criteria with
regard to the applicable guidelines for test case documentation, i.e.,
the test case specification user guide [30]. The documentation criteria
specified therein play a decisive role, especially for the further pro-
cessing of test cases, so that test cases are documented in such a way
that their portability to subsequent tools is ensured. Thus, Methodical
Review I refers to a methodical procedure for the documentation of
test cases which is defined by the respective company. This dimension
is based on the review view (1) Methodical View (cf. Section 5.1.1).

methodical review ii focuses on the fulfillment of requirements
specified in the test plan that corresponds to the respective test case
specification, i.e., the conformity of the test case specification with
the test plan is checked. This dimension is based on the review view
(2) Test Plan View (cf. Section 5.1.1).

content review i focuses on the conformity of the test cases
with respect to the associated requirements. Both the correctness and
the completeness of the test cases in relation to the requirements play a
role. This dimension is based on the review view (3) Requirements View
(cf. Section 5.1.1).

content review ii emphasizes the perspective of the testers of
the respective test platforms. It focuses in particular on the feasibility
and suitability of the test cases for the respective test platform. Hence,
this dimension is based on the review view (4) Test Platform (Tester)
View (cf. Section 5.1.1).

safety-relevant review comprises questions on a test case
specification that are relevant in the context of functional safety assess-
ments. This dimension is based on the review view (5) Functional Safety
View (cf. Section 5.1.1).

Each of these five dimensions are assigned reference documentsReference
Documents within a

Multidimensional
Test Case

Specification Review

and roles as shown in Table 5.13. The reference documents comprise
typical input artifacts for creating a test case specification, such as the
requirements specification, test plan or standards like ISO 26262 [89].
In addition, testers of a test platforms can also define their own spe-
cific demands for suitable test cases. Furthermore, internal guidelines
are relevant, such as for Daimler the Test Case Specification User
Guide (TUG) [30] or the methodical manual for electric and electronic
software development and quality management, which is internally
referred to as Quality Management Handbook (QMH).
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Table 5.13: Dimensions for the review with assigned roles and documents

Dimensions

Methodical Methodical Content Content Safety-

Review I Review II Review I Review II relevant

Reference Documents Review

Test Case Specification
User Guide (TUG) [30]

 – – – –

Requirement Specification – –  – a

Test platform-specific
Demands

– � –  –

Test Plan  – – �b

ISO 26262 [89] – – � – �c

QMH – – � – 

... ...

Project-specific
Documents

� � � � �

Role Methodol-
ogist I

Methodol-
ogist II

Specialist
Department

Tester Functional
Safety

Manager /
Engineer

 recommended reference document,� optional reference document, – not recommended reference document
a The conformity to the safety requirements shall be checked, i.e., requirements with ASIL classification A to D.
b Conformity to the test plan with regard to test objectives, test case determination procedures, test coverage,

etc. shall be checked.
c The comparison with the ISO 26262 [89] standard is marked here as optional, since the QMH represents the

company-internal interpretation at Daimler.

Table 5.13 shows recommendations which reference documents
are suitable for which dimension and which reference document
must (), can (�) or should not (–) be used accordingly. Furthermore,
the reference documents listed in Table 5.13 can be supplemented
by further project-specific documents and assigned to the respective
dimension. For example, in addition to the requirements specification,
other documents that provide further information on the functional
scope (e.g., network communication description, sequence diagrams,
Simulink models) can also be relevant for Content Review I.

Additionally, Table 5.13 shows that each dimension is assigned a Roles within a
Multidimensional
Test Case
Specification Review

role which is considered suitable to answer the specific questions of a
dimension. Each role reflects a specific view of the test case specifica-
tion in accordance with the dimension. An inspector can assume on
one or more roles. The roles Methodologist I and Methodologist II refer to
inspectors who are familiar with methodological guidelines (e.g., test
case specification user guide) and the corresponding test plan, so that
a valid statement can be made about the degree of fulfillment of the
test case specification in relation to these documents. The role Specialist
Department refers to persons who are particularly able to evaluate the
content of the corresponding test cases, i.e., whether requirements and
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associated test cases are consistent and whether the designed test cases
are actually technically possible. This requires specialist knowledge of
the SUT. The role Tester refers to persons who are assigned to an appro-
priate test platform and have test expertise in this regard. For example,
testers can give an assessment as to whether the corresponding test
cases are suitable for the respective test platform. The role Functional
Safety Manager/Engineer is usually only considered for safety-relevant
systems (i.e., systems with an ASIL classification from A to D). For
non-safety-relevant systems, the dimension Safety-relevant Review can
therefore be omitted and does not have to be considered for the review.
A Functional Safety Manager/Engineer examines in particular whether
specifications of ISO 26262 standard [89] were considered in the test
case specification (e.g., application of the correct test case derivation
procedures) or whether more company-specific specifications which
are defined in the QMH have been complied with.

Each dimension summarizes a set of questions specific to that di-Specific Review
Questions per

Review Dimension
mension over the entirety of the test case specification. Therefore,
each metric (M1 – M75) defined in Table 5.4 was reformulated into a
question and assigned to the respective dimension(s) according to the
defined review perspectives. This means that each dimension and thus
each inspector receives its own checklist with questions on the test
case specification. An example of reformulation using metric M5 from
the Methodical Review I is as follows: “Is each test case linked to at least
one testable requirement?”. This means that the inspector must make a
statement about the entire test case specification. If, for example, the
inspector notices several unlinked test cases in the test case specifica-
tion, the requirement formulated in the question for a qualitative test
case specification is not fulfilled.

In summary, a total of five review checklists were defined based onFive Review
Checklists the results of the GQM approach (cf. Table 5.4). These review checklists

provide inspectors with a tool with which they can systematically in-
spect test case specifications. The review guideline serves as a manual
containing information on why and how to use these checklists.

5.2.2 Conducting Multidimensional Test Case Specification Reviews

At the beginning of a multidimensional test case specification review,
the dimensions to be considered for the inspection of the test case
specification have to be defined in Phases 1 to 2 of the review process
(cf. Figure 5.4). In addition, the required reference documents have
to be defined for each dimension in accordance with the recommen-
dations in Table 5.13. Furthermore, for each dimension one or more
responsible persons (the inspectors) who inspect the test case specifica-
tion on the basis of the assigned dimension(s) have to be determined.
Afterwards, the respective checklists have to be made available to the
inspectors in the kick-off meeting (Phase 3).
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In order to apply the multidimensional review approach, templates Implementation of
the Multi-
dimensional Review
Approach

were developed in MS Excel. This type of template was initially chosen
because MS Excel is available throughout the company, employees
are familiar with this tool, and no additional software installation
is required. The developed templates can be used to document or-
ganizational information about the review (e.g., review title, review
owner, version, and status), information about the review object (e.g.,
name, version, and storage location of the test case specification), the
selected dimensions, reference documents, and roles in the review
including the responsible inspectors as well as moderator, recorder,
and the author(s) of the test case specification. There is a separate
worksheet for each dimension, which contains the checklist relevant
for this dimension. Figure 5.5 shows an excerpt of a review checklist.
The yellow cells mark the areas in which the inspector has to enter
findings, references or comments. The cells for the assessment provide
a drop-down list and are colored according to the selection.

No. Questions Findings References Assessment Comment

16 Is the predefined chapter struc-
ture of the test case specification
template adhered to?

OK

17 Are the persons and departments
responsible for the test case speci-
fication documented?

OK

19 Have references been made to
external documents (e.g., stan-
dards), if these were used?

OK

20 Is the scope of the test case speci-
fication documented (including
typical pitfalls of the system)?

There are no indica-
tions of typical pitfalls.

see Section
“Scope” PARTLY

21 Does the test case specification
contain additional information
for the tester?

OK

23 Does no test case contain sus-
pected links?

There exist test case
with suspected links.

TC-0045,
TC-0078 NOK

Figure 5.5: Extract from the checklist for the dimension Methodical Review I

For each question, the inspector should provide a description of the
findings. Furthermore, references should be specified that explicitly
refer to test cases in which the findings occurred (e.g., test case source
IDs like TC-0045 in Figure 5.5). Optionally it is possible to add a
comment. In addition, an assessment must be given for each question. Assessment

StandardThis assessment is the answer to the respective checklist question. The
following assessment standard is used:

OK The test case specification meets the requirement.

PARTLY The test case specification partially meets the requirement.

NOK The test case specification does not meet the requirement.

IRRELEVANT The requirement is not relevant to this test case specification.
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A question can be included in checklists of different dimensions. ForDual Control
Principle for

Answering Checklist
Questions

example, question 17 from Figure 5.5 is also included in the checklist
for Content Review I. Since from a methodological point of view it can
be checked whether persons responsible have been documented at
all, but only the department can check whether the correct persons
responsible have been documented (see also M17 in Table 5.4). For
this reason, the MS Excel template also contains an overview work-
sheet in which the questions and the respective assessments of the
different dimensions from the inspectors are presented. Using this
overview, participants in a review session can quickly identify differ-
ent assessments to discuss them. Figure 5.6 presents an excerpt from
this overview worksheet and shows how the various assessments are
summed up to form an overall assessment (see last column). An NOK
assessment predominates an PARTLY or OK assessment resulting in
an NOK assessment (see last row). Overall assessments with NOK
and PARTLY should be discussed during the review session.

No. Questions Methodical
Review I

Methodical
Review II

Content
Review I

Content
Review II

Safety-
relevant
Review

Overall
Assessment

16 ... OK OK

17 ... NOK OK NOK

18 ... NOK NOK

19 ... OK OK OK

20 ... OK PARTLY OK PARTLY

21 ... OK PARTLY NOK NOK

Figure 5.6: Extract from the overview worksheet presenting the assessments
of the different dimensions

In addition to the checklists for the different dimensions, a work-Template for
Individual Test Case

Review
sheet template is available for the assessment of individual test cases
based on the inspection criteria presented in Section 5.1.4. Figure 5.7
shows an example for the review of individual test cases. Each test
case to be reviewed is uniquely identified by its ID, name and test
case description. To assess the quality of the test case, the inspector
must assess the six inspection criteria. The assessment standard is
equivalent to that of the checklist questions: OK, PARTLY, NOK and
IRRELEVANT. In addition, for each test case a comment can be noted
in which the inspector can justify the assessment. Furthermore, the
workflow state has to be documented on which a certain test case has
to be set according to the assessment.
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Inspection Criteria

ID Test
Case
Name

Test Case
Descrip-
tion
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1
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ri

on
3
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ri

on
4
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ri
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ri

on
5

C
ri

te
ri

on
6 New

Work-
flow
State

Comment

Overall Results: OK NOK PA. OK OK NOK

TC-
123

Test
Case
1

Testing
2nd
function

OK OK OK OK OK OK Approved /

TC-
124

Test
Case
2

Testing
1st
function

OK NOK PA. OK OK NOK Rejected Req. not
linked,
no test
platform
specified

For reasons of space, the criteria descriptions are not written out directly in the table:

Criterion 1: Conformity to Test Case Documentation Regulations
Criterion 3: Simplicity
Criterion 5: Comprehensibility

Criterion 2: Traceability & Correctness
Criterion 4: 4-Phase Test Desing
Criterion 6: Test Platform Suitability

Figure 5.7: Example for the individual test case review

The workflow status of a test case specifies its processing status. Worfkow Status of a
Test CaseFigure 5.8 shows the defined states of a test case and their possible

transitions. If a test case is still being processed by the author, the
workflow state In Process should be set. As soon as the author has
finished the test case, she or he can release it for review, which is
marked by the workflow state Review Needed. The inspector then has
two options. Either she or he accepts the test case, i.e., the test case
fulfills all necessary criteria that are relevant for further processing of
the test case. This is specified by the workflow state Approved. If a test
case does not fulfill the necessary criteria, e.g., because it is incomplete
or the traceability to the requirements is not given, the inspector can
reject the test case. This is indicated by the workflow state Rejected.
Furthermore, it is always possible to reserve a test case, which is
specified by the workflow state Withdrawn. This is, for example, a
possibility for the author not to delete a test case directly if she or he
is not sure whether the test case will still be needed later.

In 
Process

Review
Needed

WithdrawnRejected

This test case is in progress, 
i. e. not yet finished. 

This test case 
has been 
withdrawn. 

This test case has been 
reviewed and accepted.

This test case has 
been reviewed and 
rejected. 

This test case has been completed by 
the author but is not reviewed yet. 

Approved

Figure 5.8: Workflow states of a test case
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The overall assessments of the individual test case review (cf. Fig-Relationship between
Individual Test Case

Review and
Checklists

ure 5.7 row “Overall Results”) are also transferred to the worksheet,
which contains the overview of the assessments of the respective di-
mensions and can therefore be used as an indicator. If, for example,
the individual review of the test cases reveals anomalies in the trace-
ability of one or more test cases (cf. test case TC-124 in Figure 5.7), the
overall assessment is transferred to the overview worksheet as shown
in Figure 5.9.

No. Questions Methodical
Review I

... Overall
Assessment

Indicators from the
individual test case review

6 Is each test case linked to at least
one testable requirement?

OK ... OK NOK Traceability

7 Is each testable requirement
linked to at least one test case?

OK ... OK NOK Traceability

Figure 5.9: Transfer of the results from the individual test case review to the
overview worksheet

This makes it possible to relate the results of the individual test
case review to the results from the dimension-dependent reviews in
order to identify any anomalies that may have been overlooked when
answering the checklist questions.

Since each checklist question is assigned to a quality characteristicStatistics on the
Degree of Fulfilment

of Quality
Characteristics

(cf. Tables in Section 5.1.3), the percentage to which a quality character-
istic is fulfilled is determined on the basis of the assessments from the
various dimensions. This is done for all seven quality characteristics
resulting in a statistic.

For example, three questions are assigned to the quality charac-
teristic Portability (see Table 5.11), which concern two dimensions
(Methodical Review I and Content Review I) and are therefore also con-
tained in two checklists. The questions based on the metrics M76 and
M77 are assigned to the dimension Methodical Review I. The questions
based on the metrics M77 and M78 are assigned to the dimension
Content Review I. For example, question M77 is answered with OK
in the Content Review I and with NOK in the Methodical Review I. All
other questions are answered with OK. At this point there are two
possibilities for calculating the percentage for the quality characteris-
tic: (a) based on the assessments (columns three to seven in Figure 5.6):
75% OK (3 of 4 assessments), 25% NOK (1 of 4 assessments), and
0% PARTLY (0 of 4 assessments) or (b) based on the overall assessments
(last column in Figure 5.6): 66.6% OK (2 of 3 assessments), 33.3% NOK
(1 of 3 assessments), and 0% PARTLY (0 of 3 assessments).

Procedure (a) is preferred, as the assessments are not summa-
rized before the calculation and thus the opinion of all inspectors
respectively of all dimensions is reflected undistorted. The developed
MS Excel template contains a worksheet, which calculates these statis-
tics based on the assessments and according to procedure (a). An
example is shown in Figure 5.10.
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Not Answered 11% 0% 4% 27% 67% 16% 0%

OK 69% 100% 87% 64% 33% 68% 75%

NOK 11% 0% 4% 0% 0% 16% 25%

PARTLY 8% 0% 4% 9% 0% 0% 0%

IRRELEVANT 0% 0% 0% 0% 0% 0% 0%

Figure 5.10: Example of a statistic for the quality characteristics

By providing the MS Excel templates containing the review check-
lists and the review guideline describing the concept of multidimen-
sional review, inspectors are provided with a guide to assist them in
performing test case specification inspections. This allows to formulate
an answer to the research question RQ2.2 in the following:

RQ2.2: How can the quality model for automotive test case specifica-
tions be integrated into the review process?

The basis for the development of the presented automotive test
case specification quality model are the questions and metrics
defined using the GQM approach. These are used to derive per-
spective related checklist questions. By providing these questions
in a MS Excel template, the different aspects of the quality model
can be integrated into the review process. In this way, inspectors
can use the respective checklist for the inspection of test case speci-
fications depending on a specific review perspective (respectively
dimension).

The application of the presented MS Excel templates will be ex-
amined in more detail in Section 5.3. Independently of this, after
completion of the checklists, the idea arose to offer inspectors a tool
that simplifies the answering of checklist questions and support in-
spectors in doing so. Therefore, the following section examines which
questions can be answered automatically.
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5.2.3 Automation of Answering Checklist Questions

The inspection of an automotive test case specification based on the
MS Excel templates presented in the previous section has the advan-
tage that it can be performed independently of the tool used to create
the test case specification to be reviewed. For this purpose, the in-
spector opens the test case specification in the respective tool and
also the MS Excel template. In this way, findings detected during the
inspection can be noted directly in the MS Excel template.

However, this procedure requires a high degree of copy & paste ac-Disadvantages of the
MS Excel Templates tivities, for example when it comes to transferring individual test case

information to the templates. This applies especially to the individual
test case review (cf. Figure 5.7), in which ID, name and description of
the test cases must be transferred to the MS Excel template. Moreover,
the inspector needs information about the entire test case specification
or about a selection of test cases, in order to be able to answer checklist
questions. Some of this information has to be determined tediously,
for example by applying filters in IBM DOORS [83]. In order to reduce
the effort for the inspector to obtain these information, this section
shows in the following which additional information can be extracted
from an automotive test case specification.

Table 5.14 gives an overview of the additional information that can
be automatically determined from a test case specification regarding
the current situation, taking into account the tools used. According to
the considered OEM in this thesis, this includes the tool IBM DOORS,
which is used at Daimler to document requirement specifications and
test case specifications as well as to establish a traceability between
test cases and requirements. Hence, links between requirements and
test cases are usually available and analyzable. The automated de-
termination of additional information is limited by the fact that no
interface between IBM DOORS and the test plan has been realized so
far. Usually, the test plan is available as a MS Word or PDF document.
This means that correlations between the test case specification and
the test plan cannot be evaluated automatically.

Furthermore, Table 5.14 contains references to corresponding met-
rics from Table 5.4 and whether the information is sufficient to auto-
matically answer the checklist question (indicated by X). Otherwise,
the calculated information is only an assistance for the inspector to
answer the checklist question.

Table 5.14: Overview of computable additional information

# Name Description Reference Sufficient

1 Test Cases vs.
Test Goal

Calculation of the number of test cases for
each test goal and determination of test
cases that are not assigned to a test goal.

M1
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Continuation of Table 5.14

2 Test Cases vs.
Test Platform

Calculation of the number of test cases for
each test platform and determination of test
cases that are not assigned to a test platform.

M2

3 Traceability of a
Test Case

Determination of unlinked test cases and
determine whether linked test cases are ac-
tually linked to testable requirements.

M5 X

4 Requirements
Coverage

Determination of unlinked requirements. M6 X

5 Test Platform vs.
Potential Verification
Method (PVM)

Determine whether the test platform de-
fined in the test case matches the PVM at-
tribute.

M7 X

6 Mandatory
Attributes

Determination of test cases for which not all
mandatory attributes are defined.

M10 X

7 Existence of
Preconditions

Determination of test cases for which no
preconditions have been defined.

M11

8 Test Case Structure Determination of test cases that do not have
at least one run test step.

M12 X

9 Run Test Step
Structure

Determination of test cases for which no
actions or expected results are defined in a
run test step.

M13 X

10 Init and Shutdown
Test Step Structure

Determination of test cases for which no
actions are defined in an init or shutdown
test step.

M14 X

11 Chapter Structure Determination whether the specified chap-
ter structure was adhered to.

M16 X

12 Suspected Links Determination of test cases with suspected
links.

M23 X

13 Ambiguous
Test Cases

Determination of test cases with suspicious
constructs in the test case description, such
as “if” or “or”.

M30,
M56

14 Spelling Errors Determination of test cases with spelling
errors using a dictionary.

M31 (X)

15 Appropriate Test
Case Size

Determination of the average test case size
and statistics for test case sizes.

M35

16 Appropriate Number
of Preconditions

Determination of the average number of pre-
conditions and statistics as well as test cases
that have no preconditions.

M36

17 Appropriate Number
of Linked Require-
ments

Determination of the average number of
linked requirements and statistics as well
as test cases with an above-average number
of linked requirements.

M37

18 Test Purpose Determination of test cases for which no test
purpose is specified.

M47 X

19 Approved Test Cases Determination of test cases for which the
status Approved is defined and statistics on
test cases with other statuses.

M51 X

20 Placeholders Determination of test cases with suspicious
constructs in the test case description, such
as “<” at the beginning and “>” at the end,
or “tbd”.

M52
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Continuation of Table 5.14

21 Approved Test Cases
without Linked
Requirements

Determination of unlinked test cases that
have the status Approved.

M53 X

22 Test Goal
(safety-relevant test
cases)

Determination of safety-relevant test cases
for which no test goal is specified.

M58 X

23 Test Type
(safety-relevant test
cases)

Determination of safety-relevant test cases
for which no test type is specified.

M59 (X)

24 Test Case Derivation
Procedure
(safety-relevant test
cases)

Determination of safety-relevant test cases
for which no test derivation procedure is
specified.

M60 (X)

25 Priority
(safety-relevant test
cases)

Determination of test cases that are safety-
relevant but do not have the priority high.

M62 X

26 Requirements
Coverage
(safety requirements)

Determination of unlinked safety require-
ments.

M63 X

27 Reusable Conditions Determination of test cases linked to
reusable conditions and statistics.

M65

28 Reusable Sequences Determination of test cases linked to
reusable sequences and statistics.

M66

29 Unnecessary Reusable
Conditions /
Reusable Sequences

Determination of reusable sequences and
reusable conditions that are only used once.

M67 X

30 Unused Reusable
Conditions /
Reusable Sequences

Determination of reusable sequences and
reusable conditions that are not used.

M68 X

31 Current Template Determines whether the current test case
specification template is used.

M76 X

Some of the computations shown in Table 5.14 serve only as an
indicator for answering the checklist questions. The entries #1 and #2Dependencies to the

Test Plan require a connection to the test plan, which is not implemented today.
Therefore, it is only possible to show the inspector an overview of the
implemented test goals and the assigned test platforms. The inspector
must check whether these correspond to the information in the test
plan. If possible attribute values for test types and test derivation
procedures are not stored in the test case specification, a link to the
test plan would also be required in this case. Otherwise the entries
#23 and #24 are also indicators.

The completeness of preconditions can also only be decided subjec-Non-existing
Preconditions as

Indicator
tively by the inspector. The test cases determined by entry #7, which
have no preconditions at all, can provide assistance in this respect.

Furthermore, the inspector has to decide on ambiguities in naturalAmbigous Test Cases

language test cases. For this purpose, test cases can be identified that
contain certain ambiguity indicators, as shown in entry #13. It should
also be noted that the assessment of whether a test case is ambiguous
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or not may depend on the reviewer’s perspective and her or his prior
knowledge. Therefore, this subjective decision has to be made by the
inspector and cannot be computed automatically.

Moreover, spelling mistakes can only be identified to a limited extent Spelling Error
Detection depending
on used Dictionary

via a dictionary if they concern special technical terms or signal names,
which is why entry #14 is rather an indicator.

For the appropriateness of the test case size (entry #15), the number Assessment of
Appropriateness
depending on the
SUT or other
Characteristics

of preconditions (entry #16) and linked requirements (entry #17),
it is not possible to set a general threshold value to automatically
answer the corresponding checklist questions as not fulfilled. It may
depend on the respective system how many linked requirements are
appropriate or it may depend on the test platform which test case
sizes are appropriate. Therefore, only an indicator can be given to
the inspector in these cases, after which particularly suspicious test
cases can be identified. The same applies to placeholders in test cases.
Depending on the notation used, the examples shown in entry #20

can find test cases that contain placeholders. However, this does not
guarantee a complete listing. Furthermore, the determined links to
reusable conditions (entry #27) or reusable sequences (entry #28) can
serve as an indicator, but the inspector must decide whether these
links are appropriate.

All other entries in Table 5.14, which are marked with an X, are
suitable for automated answering of checklist questions.

The considerations presented in Table 5.14 for calculating addi- Implementation of
Automatic
Answering of
Checklist Questions
in a Tool

tional information form the basis for the development of a tool called
QualiCheck. This tool provides the review checklists presented in
Section 5.2.2 and enriches individual checklist questions with the
additional information described in Table 5.14. Therefore, it is possible
to support inspectors in answering the checklist questions and to
save time when transferring data, for example when conducting an
individual test case review. The different functions of QualiCheck and
in particular the realized presentation of additional information are
presented in more detail in Section 7.2.3.
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5.3 evaluation

The previous sections presented the multidimensional review ap-
proach and associated review checklists to assist inspectors in conduct-
ing test case specification reviews. The multidimensional review con-Positive Assessment

of the
Multidimensional

Review Concept by
Experts

cept was presented in two internal company working groups (with 14
and 11 participants) concerning test methodology at Daimler and was
positively perceived by the experts. In order to investigate the applica-
bility and usefulness of this checklist-based approach for automotive
test case specifications, the following research question is posed:

RQ2.3: How do reviewers assess the review checklists in terms of support-
ing the inspection of test case specifications?

Therefore, a qualitative study was conducted in which automotive
experts applied the checklists to test case specifications for different
systems. The study design and the results of the qualitative study
conducted are presented in this section.

The aim of the qualitative study is to investigate the applicability of
the review checklists and to receive feedback from practitioners. ThePractitioner

Feedback study focuses on the inspection of a test case specification through
an inspector (cf. Phase 4 of the review process in Figure 5.4). It was
therefore the task of the study participants to assume the role of the
inspector during the preparation of the review session. This means
that the activities from other phases of the review did not have to
be carried out and no other roles, such as moderator or recorder,
had to be considered. This allowed study participants to decide for
themselves when and where to inspect their test case specification, as
they did not need to schedule a review session with other participants.
In order to keep the effort for the study participants low and at theAdded Value for the

Participants same time provide them with added value by participating in the
study, the participants should inspect a self-defined scope of their own
test case specifications by using the developed review checklists.

study design The study design consists of three phases and is
shown in Figure 5.11. In the first phase, the participants had the op-
portunity to participate in a training on internal guidelines for test
case documentation in order to refresh their knowledge on this topic.
Subsequently, they received a preliminary questionnaire in the second
phase, which was sent to them as an online questionnaire via the tool
LimeSurvey2 (see Chapter C.1 of the appendix). After completing the
preliminary questionnaire, the participants received instructions on
how to conduct the reviews (see Chapter C.2 of the appendix), the
review guideline and the MS Excel template containing the review
checklists. After inspecting the test case specification, participants re-
ceived a final questionnaire (see Chapter C.3 of the appendix). Finally,
in the third phase, the study participants took part in an expert work-
shop to discuss their impressions gained on the review checklists.

2 Survey Tool LimeSurvey: https://www.limesurvey.org/

https://www.limesurvey.org/
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Test Case 
Specification Training

(optional)
Expert Workshop

Performing the 
Inspection using the 
Review Checklists

Measurement

Individual Test Case Specification

InstructionsPre-
Questionnaire

Post-
Questionnaire

Second PhaseFirst Phase Third Phase

Figure 5.11: Study setup for evaluating the developed review checklists

data collection Initially, 40 potential study participants were
contacted by e-mail and invited to participate in the study. The se-
lection was based on internal information that indicated that these
individuals were currently reviewing a test case specification as test
designers or testers. Of the 40 contacted, three were external engi-
neering partners. A total of 19 people responded to this invitation,
eleven of whom expressed their interest in the study. Accordingly,
the access data for the online questionnaires, the instructions, the
review guideline and the review checklists were sent to these eleven
participants. The participants were given seven weeks to complete the
questionnaires and conduct the reviews. After three weeks, the partic-
ipants were contacted again to inquire whether they needed further
support in using the review checklists. It became clear that there was
no ambiguity regarding the use of the review checklists, but that some
study participants are strongly involved due to the current day-to-day
business and therefore could not spend any time for the study so far. A
total of five participants completed the questionnaires and conducted Five Automotive

Experts
Participating

a review of their test case specifications. As shown in Table 5.15, these
participants were two test designers (P01 and P03) and one tester (P02)
as well as two external engineering partners (P04 and P05).

Table 5.15: Overview of the review checklist study participants

ID Company Time in Reviewing Using Responsibilitiesb

Affiliation Current Activity Expertise Review C D I R

(Years) (Years) (Levela) Checklists

Internal Employees

P01 11 – 25 < 1 1 no X X X

P02 3 – 5 1 – 3 2 no X

P03 6 – 10 < 1 1 no X X X

External Engineering Partners

P04 11 – 25 > 10 4 yes X X X

P05 3 – 5 4 – 9 4 yes X X

a Expertise Levels: (1) Beginner, (2) Advanced Beginner, (3) Competent Practitioner,
(4) Experienced Practitioner, (5) Expert

b Responsibilities: (C) creating, (D) delegating, (I) implementing (R) reviewing test case specifications
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Before conducting the review, study participants rated the subjec-Assessment of the
Quality of the Test
Case Specifications

to Be Reviewed

tively perceived quality of the test case specifications they selected for
the inspection on a scale from 1 (very good quality) to 5 (very poor
quality) with an average of 3.4. The reason for this is that only one of
the reviewed test case specifications had already been reviewed and ap-
proved, while the other test case specifications were either not yet fin-
ished, represented an intermediate result or had not yet been reviewed.
Basically, the study participants would use checklists for future inspec-
tions. They stated that they wanted to do this sometimes (40%, 2 par-
ticipants), often (20%, 1 participant) or always (40%, 2 participants).

results After applying the review checklists and carrying out
the individual inspections of their test case specifications, the study
participants answered the final questionnaire. The results of this ques-
tionnaire are summarized in Figure 5.12.

0%

0%

0%

0%

0%

80%

60%

60%

40%

40%

20%

40%

40%

60%

60%
The review checklists give me a better under-
standing of what constitutes a qualitative test 
case specification!

I would recommended the review checklists to 
a colleague!

Did you find the review checklists helpful?

How confident do you feel that you have 
contribute to a significant quality improvement?

How certain did you feel about conducting the 
review?

very certain
very confident
very helpful

very uncertain
not confident

not helpful
strongly disagree strongly agree

100 50 0 50 100

1 2 3 4 5

Figure 5.12: Results of the review study

The results show that 60% of the participants felt predominantly
certain when conducting the checklist-based review. In addition, they
believe that this has improved the quality of the respective test case
specifications (80% are rather or very confident in this respect). Fur-
thermore, 40% of the participants found the checklists rather and very
helpful and 60% tend to recommend them to their colleagues. More-
over, at least 40% of participants believe that the checklists contribute
to a better understanding of what a qualitative test case specification
is about.

In the subsequent expert workshop (cf. Phase 3 in Figure 5.11),
which lasted 1.5 hours, the impressions that the study participants
were able to gain from the review checklists were discussed. For this
purpose, the participants were openly asked what they liked and
what they disliked about the review checklists. Furthermore, it was
discussed why the vast majority of participants found the checklists
only partially helpful. Thus, positive and negative aspects regarding
the review checklists were collected from the feedback of the experts,
which are presented in the following.
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Basically, the study participants got along well with the MS Excel
templates, as they also use standard software, such as MS Excel or
Word, for carrying out reviews. The following aspects of the review
checklists were positively highlighted by the experts:

Positive Comments From the Experts:

“The checklists provide a guide that helps you not to forget anything.”
“The checklists are good, because even an experienced reviewer sometimes forgets
something.”

“Checklists are absolutely helpful.”
“The checklists encourage a uniform understanding of quality.”
“The checklists give me an instrument with which I can objectively evalu-
ate whether a test case specification is poor and show concrete things that
can be improved.”

“The checklists contain good questions, especially in the Safety-relevant Review.”
“Helpful comments on the individual questions have been included in the check-
lists. The review guideline explains the concept and use of the checklists in
a logical way.”
“The checklists provide a structured guidance for the quality assurance of test
case specifications and should be implemented as a uniform procedure within
the company.”

“The checklists should not only be used at the end of test case specification creation,
but also at the beginning. The review of some initial example test cases can thus
reduce additional work later on.”

Negative Comments From the Experts:

“There are many questions in the checklist for the dimension Content Review I.”
“The review checklist are too complex because to many questions are asked. This
usually leads to frustrated inspectors and, as experience shows, to poorer review
results.”

“There are no specifications for tailoring.”

“Many questions from Methodical Review I could be determined automatically.”

In particular, optimization potentials of the review checklists were
discussed during the expert workshop. The main point of criticism
was the complexity of the review checklists measured by the number
of questions they contained. Especially if only one inspector is en-
trusted with the review and has to consider all dimensions, she or he
can quickly lose the overview. There is a danger that the inspector will
quickly become frustrated, resulting in poorer review results. The con-
cept of a multidimensional review offers added value especially when
different experts are actually involved in the conduct of the review and
the checklist questions are thus distributed among different persons.

In this respect, the tailoring of the review checklists was discussed
during the workshop in order to reduce the number of checklist ques-
tions. If several inspectors are involved in the review, the number
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of checklist questions per inspector is already reduced because each
inspector only receives her or his dimension-specific checklist. Overall,
the experts noted that the questions provided by the review checklists
represent a comprehensive and valuable catalog which reflects current
issues within test case specifications. In the special case that only one
inspector is assigned with the inspection of the entire test case specifi-
cation and all dimensions are to be considered, this is challenging. In
this case the reduction of checklist questions is appropriate. Accord-
ingly, it was noted by the experts that not all aspects are relevant to
each system or each test platform. Therefore, the checklist questions
should be used as starting point and critically questioned during the
planning of the review and adapted to the respective context.

A further approach to reduce the number of questions to be an-
swered was seen by the experts in the automated answering of some
checklist questions. Since in particular information on the questions
from the dimension Methodical Review I can be calculated automatically,
this is seen as a great potential to take the pressure off the inspector. In
this respect, approaches have already been presented in Section 5.2.3.

Based on the feedback from experts collected through the qualitative
study on the review checklists, this allows to answer the research
question RQ2.3 in the following:

RQ2.3: How do reviewers assess the review checklists in terms of
supporting the inspection of test case specifications?

The review checklists help to improve the quality of test case
specifications by providing a comprehensive catalog of questions
that indicate typical issues in test case specifications. In this way,
they support the inspector in inspecting test case specifications
and contribute to the understanding of which criteria constitute a
qualitative test case specification. When planning a test case speci-
fication review, it is recommended that the scope of the checklist
questions is checked and, if necessary, adapted to the needs of
the current test case specification. Otherwise, reviewer assess the
checklists as too extensive and complex. Furthermore, the lack
of automatically answering certain checklist questions in the MS
Excel templates was also mentioned as a negative aspect, especially
for Methodical Review I.

In conclusion, the comments of the experts regarding the automated
answering of certain checklist questions confirmed the development of
the tool QualiCheck (see Section 7.2.3). With QualiCheck different aspects
of a test case specification can be investigated and automatically
calculated, which are presented to the inspector accordingly. This
supports the inspector in answering the questions or enables the
automated answering.
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5.4 concluding remarks on the checklist-based approach

For the purpose of analytical quality assurance, this chapter described
the development of a quality model and, based on this, the definition
of review checklists, taking into account the multidimensionality of
quality [16, 143]. The starting point for the development of a quality
model for automotive test case specifications based on the GQM ap-
proach [9] was the following quality goal: “Improve quality aspects of
automotive test case specifications from a methodical view, test plan view,
requirements view, test platform view, and functional safety view.” Subse-
quently, questions and metrics were derived using various sources of
knowledge – ISO 29119 [90], related work [16, 77, 132, 142], internal
documents such as the Test Case Specification User Guide (TUG) at
Daimler [30], identified challenges concerning test case specifications
(cf. Chapter 4) and workshops with testers and functional safety ex-
perts. The resulting questions and metrics form the quality model.
Instead of questions and metrics, concise terms were chosen, which
allow a clear presentation of the quality model. The following seven
quality characteristics with their 16 sub characteristics form the qual-
ity model: (1) suitability, (2) compatibility, (3) usability, (4) reliability,
(5) safety, (6) maintainability, and (7) portability.

These quality characteristics and their sub characteristics were com-
pared with the test specification quality model of Zeiß [194] and the
product quality model of the ISO 25010 standard [93]. The comparison
shows that many quality characteristics identified based on the GQM
approach are also considered in existing quality models, such as Learn-
ability, Maturity, Analyzability, Modifiability, or Adaptability. Others have
been decomposed more specifically into further sub-characteristics,
such as Requirements Consistency and Test Case Correctness. However, it
is clear that the quality model for automotive test case specifications
contains new quality characteristics. These are especially the explicit
reference to the test plan with the quality characteristic Test Plan Cov-
erage, which emphasizes the relevance of the test plan for test case
specification creation. In addition, structural aspects of the test case
specification are explicitly addressed by the quality characteristic Test
Case Specification Completeness, following the ISO 29119 standard [90].
Furthermore, aspects of functional safety that are specific to the au-
tomotive industry according to the ISO 26262 standard [89] and have
an impact on test case specifications are addressed by the quality
characteristic Safety. These aspects do not exist in a comparable way
in any other existing quality model. In total, the quality model allows
an assessment of the quality of the entire test case specification and
not only of single test cases or the set of all test cases. This distin-
guishes the quality model for automotive test case specifications from
other quality models which only consider quality characteristics of the
test cases and do not consider structural specifications regarding the
overall document according to the ISO 29119 standard [90].
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In addition to the developed quality model for automotive test case
specifications, a subset of quality criteria was defined together with ex-
perts, which comprises the following six inspection criteria: (1) Confor-
mity to Test Case Documentation Regulations, (2) Traceability & Correctness,
(3) Simplicity, (4) 4-Phase Test Design, (5) Comprehensibility, and (6) Test
Platform Suitability. This subset is considered appropriate especially
for preliminary reviews or the evaluation of individual test cases.

The application of the developed quality model is propagated in par-
ticular by the review checklists and the review guideline developed on
the basis of the model. The review guideline describes a multidimen-
sional review concept, which focuses on a perspective-based review.
A perspective corresponds to a dimension to which certain reference
documents, roles and checklist questions are assigned. Based on the
review views methodical view, test plan view, requirements view, test plat-
form view and functional safety view, five dimensions were defined. The
checklists were implemented in MS Excel templates and the review
guideline describes how to conduct a review using these templates.

The evaluation of the review checklists based on the MS Excel
templates showed that the checklists offer helpful support and are
conducive to the understanding of quality. However, practitioners men-
tioned in the conducted expert workshop that some checklists are too
extensive. This has been taken into account by the development of the
QualiCheck tool. QualiCheck is able to calculate additional information
to the checklist questions, which can either support the inspector’s
decision or even be used to automatically answer certain questions.

In conclusion, by developing the quality model and instantiating
review checklists and a review guideline, methods for analytical qual-
ity assurance of automotive test case specifications were implemented
and evaluated.
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A T E M P L AT E - B A S E D A P P R O A C H F O R C R E AT I N G
A N D D O C U M E N T I N G T E S T C A S E S

The Test Case Specification-Oriented Domain Analysis Method
(Section 6.1) and its evaluation (Section 6.3.1 and 6.3.3) have been
published in “A Tailored Domain Analysis Method for Developing
System-Specific Testing DSLs Enabling their Smooth Introduction
in Automotive Practice” at SEAA’19. © 2019 IEEE. Reprinted,
with permission, from Juhnke et al. [102]. Information about the
usual size of test case specifications refers to results from the previous
study “Quality Indicators for Automotive Test Case Specifications”
by Juhnke et al. [106] (CC BY 4.01) presented at SE’18.

Complementary to the analytical quality assurance method pre-
sented in the previous chapter, this chapter introduces a constructive
quality assurance method for automotive test case specifications. As
suggested in Section 4.4.2 (Page 126), system-specific Automotive Test-
ing DSLs can be used for constructive quality assurance by supporting
test designers in the template-based specification of test cases and thus
avoiding defects in test cases. Accordingly, the research question that
guides this chapter is: How can system-specific Testing DSLs be developed
and how can they improve the quality of test case specifications? (RQ3).

Therefore, Contribution 4 of this thesis is the developed method-
ical approach, called Test Case Specification-Oriented Domain Analysis
Method, to support the creation of system-specific templates for test
cases, which is described in Section 6.1. Subsequently, Section 6.2
discusses which steps of this method can be automated. The appli-
cability of the method is demonstrated and the concept of using
system-specific templates by means of Testing DSLs is evaluated in
Section 6.3. Therefore, the handling of Testing DSLs from a practi-
tioner’s point of view is examined by a usability study. Furthermore,
the template-based approach is evaluated by means of a controlled
experiment to investigate whether this offers advantages in terms of
reducing defects in test cases compared to the conventional natural
language approach. At the end of this chapter, Section 6.4 presents
concluding remarks on the template-based approach.

6.1 a methodical approach for supporting the develop-
ment of automotive testing dsls

To be accepted by practitioners, a system-specific Automotive Testing
DSL has to be inspired by the grammar and the established vocabulary

1 Creative Commons Attribution 4.0 International Public License (CC BY 4.0):
https://creativecommons.org/licenses/by/4.0/
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previously used by the domain experts [63] from the respective test
case specifications. This is important because the need to learn a new
language and the lack of necessary means of expression would reduce
user acceptance. Therefore, this section presents a systematic approach
for supporting the development of system-specific Automotive Testing
DSLs that take into account established structures and specific vocabu-
lary. For this purpose, in Section 6.1.1 domain analysis is discussed as
fundamental part of the DSL development process and formal domain
analysis methods are considered. Then, Section 6.1.2 focuses on the
activities necessary for performing a domain analysis on automotive
test case specifications.

6.1.1 Domain Analysis Within the DSL Development Process

Basically, the development of DSLs is based on the proposed DSL
development phases by Mernik et al. [130] (see Section 2.4.3). TheseGeneral DSL

Development Phases phases are: (A) Decision, (B) Analysis, (C) Design, (D) Implementation,
and (E) Deployment. In this thesis, the focus is on the analysis phase, in
which a domain analysis is performed, because in this phase relevant
domain concepts are extracted. These concepts are an important input
for the design of a DSL that should achieve high user acceptance.

Mernik et al. [130] define corresponding patterns within each phase
to aid DSL developers in making decisions during each development
phase. In order to support decisions in the analysis phase, Mernik etPatterns to be used

in the Analysis
Phase

al. [130] propose three patterns. Domain analyses can be performed
(P1) informal, (P2) formal, or based on (P3) extraction from code [130].
The advantages of formal domain analysis (P1) are the reproducibility
of performed analysis steps and the defined output in the form of a
domain model. Informally conducted domain analyses (P2) do not pro-
vide this. Therefore, an informal analysis is not considered within this
thesis for extracting system-specific concepts from automotive test case
specifications. The extraction from code pattern (P3) refers to the acqui-
sition of domain knowledge from legacy GPL code. In the context of
the automotive test case specifications considered, there are natural lan-
guage based test cases. Therefore, the approach to derive information
from code is not applicable. In conclusion, the question of a suitable
formal domain analysis method especially for analyzing automotive
test case specifications arises, which is discussed in the following.

Basically, formal domain analysis methods are rarely used for do-Domain Analysis in
the Context of DSL

Development
main analysis in the context of DSL development, as the study by
Kosar et al. [114] shows (only 5.7% of the primary studies do so).
Therefore, Kosar et al. [114] pointed to research gaps regarding in-
sufficient investigations in the phases of domain analysis, validation
and maintenance as well as the lack of use of formal methods for
domain analysis and the description of DSLs. It is therefore necessary
to consider which domain analysis methods could be used at all.
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One of the first who described the term domain analysis in the Domain Analysis

context of software engineering was Prieto-Díaz [146]. He points out
the following three basic steps that need to be performed during
a domain analysis: (Step 1) identification of reusable entities, (Step 2)
abstraction and generalization, and (Step 3) classification and cataloging.

A comprehensive overview of domain analysis methods and a com- Common Process of
Domain Analysis
Methods

parison is provided by Jatain et al. [98]. They indicate that all domain
analysis methods follow a common process consisting of: (1) domain
characterization, (2) data collection, (3) data analysis, (4) classification, and
(5) evaluation of domain model. Below an overview of existing formal
methods of analysis is given, which follow this uniform process.

Feature-Oriented Domain Analysis (FODA) is a method for the Feature-Oriented
Domain Analysis
(FODA)

identification and representation of similarities and differences be-
tween related software systems [108]. Features of software from a
certain domain are identified. These are characterized as mandatory,
optional or alternative. FODA can be used to create a range of prod-
ucts. In the automotive domain it is used to define variants of a model
series. The three basic phases described by FODA are: context analysis
(investigate similarities and differences between domain and external
elements), domain modeling (define similarities and differences), and
architecture modeling (create software architecture).

Organization Domain Modeling (ODM) is a systematic domain Organization
Domain Modeling
(ODM)

engineering method [159] that builds on FODA. The focus is on or-
ganizational issues. ODM is integrated into a core domain-modeling
life cycle and defines three subprocesses: plan domain (define scope of
the domain), model domain (produce domain model), and engineer asset
base (scope, architect and implement an asset base).

Domain Analysis and Reuse Environment (DARE) is a tool for Domain Analysis
and Reuse
Environment
(DARE)

supporting domain analysts in knowledge acquisition and structur-
ing [55]. The objective is to support partial automation of the domain
analysis process. The domain analysis is based on three sources of
information: code, documents, and expert knowledge. Collected in-
formation and developed domain models are stored in a domain
book. The main activities are the following: define domain, acquire do-
main knowledge, structure domain knowledge, identify commonalities, and
generate domain model.

Further examples of domain analysis methods are Domain-Specific
Software Architectures (DSSA) [167], Family-Oriented Abstractions
Specification and Translation (FAST) [29] or Ontology-based Domain
Engineering (ODE) [46].

However, none of the domain analysis methods presented above are Lack of Formal
Domain Analysis
Methods

appropriate for analyzing automotive test case specifications, since
these methods refer to either features (e.g., FODA), organizational
issues (e.g., ODM), variants of software (e.g., FAST), the selection of
reusable software components (e.g., DARE), or require to build an on-
tology (e.g., ODE). Hence, an extraction of previously unconsciously
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used templates from existing natural language based test case de-
scriptions is not supported by any of the methods. Based on this, the
following research question is posed.

RQ3.1: What activities are required to extract domain specific concepts
from existing test case specifications?

This question investigates the activities required within a domain
analysis with focus on knowledge extraction from natural language
based test case specifications. The following section addresses this
research question.

6.1.2 Test Case Specification-Oriented Domain Analysis Method

Necessary activities that need to be executed during the analysis
phase are based on principles of domain analysis according to Prieto-
Díaz [146]. He explains concepts of domain analysis for software
engineering and define typical inputs, outputs, mechanisms and controls.
Figure 6.1 illustrates these concepts adapted to the problem domain
of test case specifications.

Sources of 
Domain 

Knowledge

Domain 
Expert

(Test Designer 
& Tester)

Identified Challenges

Domain 
Analyst

Domain 
Engineer

Domain ModelDomain AnalysisInputs

Controls  

Output

Mechanism

Vocabulary (static parts) 

Conceptual Templates

Dictionary (variable parts) 

Domain Definition

Relationship model of concepts

Terminology

Test Case Specification-Oriented Domain Analysis Method

Test Case Specifications

Expert Advice

Figure 6.1: Concepts for domain analysis [102] © 2019 IEEE

For extracting knowledge related to automotive test case specifica-
tions, information can be collected from existing test case specifications,Using Existing Test

Case Specifications identified challenges in creating and processing test case specifica-
tions, and from the knowledge of domain experts involved in the
test process. The domain analyst extracts relevant information from theInvolved Roles

(Controls) knowledge sources together with the domain experts. In the automotive
context, domain experts are test designers and testers. The developed
Test Case Specification-Oriented Domain Analysis Method is used as
mechanism to extract, abstract and classify information. Domain engi-
neers support the domain analyst in organizing the information [130].
The output of a domain analysis is a domain model that consists ofDomain Model

(Output) a domain definition (e.g., scope of the domain), domain concepts
and their description (i.e., conceptual templates), domain terminology
(vocabulary for static parts of the conceptual templates and a dictio-
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nary for variable parts), and a relationship model, which describe
commonalities and relationships between the domain concepts [130].

In order to develop the Test Case Specification-Oriented Domain
Analysis Method, natural language based descriptions of test cases in Investigation of Real

Automotive Test
Case Specifications

automotive test case specifications were studied. These specifications
have been optimized over years and adapted to the specific automotive
system (the domain). They contain not only requirement-based but
also experience-based test cases. Therefore, the test case specifications
contain important domain knowledge, which becomes even clearer by
integrating the knowledge of domain experts. As a result, Figure 6.2
illustrates the steps and associated activities of the developed Test
Case Specification-Oriented Domain Analysis Method.

Step 3: Classification of Key Concepts

Step 2: Definition of Key Concepts (Abstraction)

Step 1: Identification of Key Concepts

Step 0: Data Extraction & Preparation

Extraction of Test Case Descriptions Splitting of Descriptions Into Elementary Phrases  

Transformation of Phrases

Creation of Conceptual Templates
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Definition of the Correlations to Other Concepts  

Assignment to a Group of Concepts

Figure 6.2: Test Case Specification-Oriented Domain Analysis Method [102] © 2019 IEEE

The basic steps (Step 1 to 3 in Figure 6.2) for performing domain
analysis are based on Prieto-Díaz [146]. These steps were extended
with an initial data extraction & preparation step (Step 0) and the activity
adjustment and refinement with domain experts. Moreover, the individual
activities within each step were defined. In the following sub-sections
the activities of the respective steps are described in detail.

6.1.2.1 Data Extraction and Preparation (Step 0)

The descriptions used to specify actions and expected results are Programmatic
Extraction of Test
Case Descriptions

extracted programmatically from existing test case specifications. For
example, in the case under consideration at Daimler, these test case
specifications are usually documented with IBM DOORS [83], which
is why DOORS Extension Language (DXL) [84] scripts were created to
extract and count the occurrence of test case descriptions. For test case
specifications written in MS Excel or MS Access it is possible to use
the scripting language Visual Basic for Applications (VBA) or also Java.
The extraction result is a set of descriptions that are commonly used by
test designers. Listing 6.1 shows an example of extracted descriptions
for describing actions with the number of occurrences in parentheses.
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A description can contain one or more phrases. In the context of thisAppearance of
Extracted

Descriptions
thesis, a phrase is a part of an action or expected result description,
which can include, for example, a whole sentence, a bullet point or an
expression. Descriptions D_53 to D_218 in Listing 6.1 are one-liners
meaning that a description can be considered directly as a phrase.
In contrast, Descriptions D_333 and D_334 in Listing 6.1 consisting
of several steps (phrases) that are required to trigger an expected re-
sult. However, extraction is about determining the individual concrete
phrases. Therefore, comprehensive descriptions may have to be splitSplitting

Descriptions into
Elementary Phrases

into elementary phrases (cf. Figure 6.3). This is necessary, if a descrip-
tion within an action consists of several sub actions (e.g., separated by
“and”, comma, or “–”), which occurs also in other action descriptions.

D_53 ( 1 9 ) : Perform BS_DoorLock_DFR_closed
D_54 ( 3 6 8 ) : Perform BS_DoorLock_closed
. . .
D_205 ( 2 ) : Change the parameter f o r Night Design to " night mode"
. . .
D_211 ( 6 ) : Open the door r e a r l e f t
D_212 ( 8 ) : Open the door r e a r l e f t within Timer_Tracking
D_213 ( 1 ) : Open the door r e a r l e f t within WaitTime_CC_Postlocking
D_214 ( 1 ) : Open the door r e a r l e f t withinTimer_Tracking
D_215 ( 6 ) : Open the door r e a r r i g h t
. . .
D_218 ( 2 2 ) : Open the door f r o n t l e f t
. . .
D_333 ( 4 5 ) : I l l u m i n a t i o n of i n t e r i o r mirror sensor f r o n t = OFF

(0% " I l l u m i n a t i o n " )
I l l u m i n a t i o n of i n t e r i o r mirror sensor r e a r = ON
(100% " I l l u m i n a t i o n " )

D_334 ( 4 ) : − Set clamp s t a t e ACC ISw_Stat=IGN_ACC
− 2 seconds a f t e r ISw_Stat=IGN_ACC
− Press Button 1 f o r 1 second

Listing 6.1: Sample of extracted descriptions

Figure 6.3 shows how identical phrases are summarized to an ele-
mentary phrase. Thus, elementary phrases aggregate the constructs
used in a test case specification. For example, Elementary Phrase 3
occurs a total of six times and is used in Action 1 and 2.
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- Set clamp state ACC ISw_Stat=IGN_ACC

- 2 seconds after ISw_Stat=IGN_ACC

- Press button 1 for 1 second

Extracted Action Descriptions

- Press button 1 for 1 second

- Change the parameter for Night Design to “night mode”

Elementary Phrases
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Elementary Phrase 3
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- Open the door rear left within WaitTime_CC_Postlocking
Elementary Phrase 5

(1 occurrence) ]

Description

Description

Description

Figure 6.3: Example for splitting descriptions into elementary phrases [102]
© 2019 IEEE
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6.1.2.2 Identification of Key Concepts (Step 1)

To be able to determine key concepts from the extracted elementary
phrases, they must be analyzed. If necessary, they have to be adjusted
manually in two further steps without making any semantic changes.
Thus, elementary phrases can be grouped further. In the first step,
rectification of phrases, spelling mistakes, additional blanks and du- Rectification of

Phrasesplicates are removed or apparently similar phrases are unified. This
further minimizes the number of elementary phrases. If there are two
variants of a similar or equivalent formulation (e.g., synonyms), the
variant whose occurrence is most frequent in the test case specification
should be selected as part of a standardization process and approved
by domain experts. Some examples are shown in Table 6.1.

Table 6.1: Examples for different variations of phrases [102] © 2019 IEEE

Variant 1 Variant 2 Type

Opening the trunk lid Opening the tailgate F

Press “Lock” button several times Press “Locking” button several times F

No actuator No actuator is activated F

Activation of the fanfare Activation of the fanfahre S

Rear blind is on top Rear blind is closed T

Window on rear righr remains closed Window on rear right remains closed S

7 sec after activation of child lock 7 sec after activation of child lock A

Types: (F) similar formulation, (S) spelling mistake, (T) unification of terms,
(A) additional spaces

Especially for phrases used to describe actions, it is important to
avoid nominalizations. Nominalizations are often cumbersome, lead
to a high information density and make it difficult to understand the
text [65]. Therefore, an active formulation should be preferred [65, 144]. Use Active

Formulation for
Action Descriptions

In the second step, transformation of phrases, any phrases affected must
be reformulated without altering their meaning. This may require the
involvement of the domain experts. Figure 6.4 illustrates an example
for performed transformation steps.

Pressing of the button “Locking“ on the inner CL switch at front left within 7 sec

Original

Transformation

Press the button “Lock“ on the inner CL switch at front left within 7 sec

Rectification

the button “Lock“Pressing of on the inner CL switch at front left within 7 sec

Transformation 2: Clear active voice

Transformation 1: Unification of terms

Figure 6.4: An example for transforming phrases modified from Juhnke
et al. [102] © 2019 IEEE
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In the first transformation step, the term “Locking” was unified to
“Lock” (cf. Table 6.1). Subsequently, the phrase was transformed into
an active formulation (Pressing of Ñ Press). Another example for an
original phrase using a passive formulation is “Key ’Lock’ on the inner
CL button at the front left has to be pressed within 7 seconds”. The resultCL=Central Locking

of a transformation of this phrase should look like the result of the
second transformation in Figure 6.4.

During the transformation, it is important to ensure that unique
templates can be derived from the elementary phrases. The purposeful
use of domain-specific keywords (e.g., button, switch, status, parameter,
coding, etc.) can be helpful for the later creation of the grammar.

Finally, the rectified and transformed elementary phrases must
be grouped within this step so that structurally similar elementaryGrouping of Similar

Elementary Phrases phrases are contained in a group and the domain analyst can define
key concepts based on these groups in the next step.

6.1.2.3 Definition of Key Concepts (Step 2)

In this step, domain analysts derive conceptual templates from the
extracted, revised and grouped phrases. Conceptual templates reflect
the structural composition of the phrases and provide a concise rep-
resentation that is suitable for communication with domain experts.
Static and variable parts of a phrase are defined. The static parts corre-Static and Variable

Parts within a
Conceptual Template

spond to the vocabulary of the conceptual templates. The variable parts
describe system-specific terms, parameters, values or control concepts.
Furthermore, optional parts of a conceptual template are defined. The
different parts of a conceptual template and their position to other
elements in the template must be defined in this step. Therefore a
graphical representation of the conceptual templates, as shown in
Figure 6.5, is used to simplify communication with domain experts.

Press button
<button 
name>

static variable

at

static
<button 
location>

variable

Press button “window opener” at “rear left door” for “rear left window” in position “open”
Press button “rear blind”  in position “close”
Press button “level regulation”

for

static
<object to be 
controlled>

variable

in position

static

<state>

variable
OPTIONAL

OPTIONAL

Figure 6.5: Example of a conceptual template modified from Juhnke
et al. [102] © 2019 IEEE

The definition of the vocabulary used is closely related to the cre-Definition of used
Vocabulary ation of conceptual templates. Based on the analysis activities per-

formed, the domain analyst obtains an overview of the technical terms,
parameter and signal names, values, states, etc. used in the test case
descriptions. These constitute the system-specific vocabulary of a test
case specification. By analyzing the elementary phrases contained in a
group, the domain analyst can, for example, identify control elements
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that are typical for the respective system. Using Figure 6.5 as an exam-
ple, the three terms “window opener”, “rear blind”, and “level regulation”
can be identified as button names. Hence, the term “button name” can
be chosen as the generic term for the specific control elements and as
a placeholder for this variable part in the conceptual template. Besides
control elements, there may be further elements from test case descrip-
tions that can be summarized using a generic term, such as parameter
names, ignition states, driving maneuvers, vehicle doors or windows,
and so on. In this way, the vocabulary used can be extracted.

In respect to this, test designers strive to use technical terms within Dictionary Concept

a test case specification, i.e., in particular the vocabulary of variable
parts, in a uniform way (cf. challenge C27 on Page 85). The creation
and use of a dictionary, in which the technical terms are documented
and assigned to unique generic terms, offers potential for this. Already
during the creation of a dictionary, synonyms can be discovered and
thus terms can be standardized. This ensures that specific terms are
used consistently.

Figure 6.6 (upper part) shows an example of how such a definition
of technical terms and their assignment to generic terms (printed in
bold) might look for the conceptual template shown in Figure 6.5.

button name: window opener, rear blind, level regulation
button location: front left door, front right door, rear left door, rear right door
controlled object: front left window, front right window, rear left window, rear right window
state: open, close 

Definition of Terms

Definition of Relationships

Press button

window opener front left door

front left window

front right window

rear left window

rear right window

open

close

at for in positionbutton name button location controlled object state

window opener front right door front right window open

window opener
rear left door rear left window

rear right window

open

closerear right door

rear blind
open

close

level regulation

Conceptual Template

Figure 6.6: Example to illustrate the dictionary concept

There might be cases where, for example, certain states are only Definition of
Relationships
between Terms

allowed in connection with certain parameters. Therefore, a dictionary
should offer the possibility to define relations between the generic
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terms as well as between specific terms. Figure 6.6 shows this schemat-
ically for the control elements “window opener”, “rear blind”, and “level
regulation”. For example, the control element “window opener” can op-
erate all windows if it is positioned on the front left door. In contrast,
a control element at the rear left door can only operate the rear win-
dows. Therefore, using the conceptual template in combination with
the dictionary, the following phrase would be incorrect: “Press button
’window opener’ at ’rear left door’ for ’front left window’ in position ’open’.”
This means, if a generic term is selected according to its position in
the conceptual template, this will affect subsequent (generic) terms in
the template. Thus, their use can be restricted if necessary.

The concept of combining conceptual templates and a dictionary
offers the advantage that technical terms are used consistently as well
as in the correct order and context. It also supports a uniform style for
describing test cases. An implementation of this concept is explained
in Section 7.2.2 based on a defined Automotive Testing DSL and the
example used in Figures 6.5 and 6.6.

6.1.2.4 Classification of Key Concepts (Step 3)

Once all key concepts have been identified, they are classified accord-
ing to their meaning. For the test case specification on which the
excerpts shown in Figures 6.5 and 6.6 are based, the following cate-
gories have been determined for the conducted domain analyses: base
scenario calls, time behavior, object interactions, key operations, event
request, parameter setting, encodings, and driving maneuvers. Fur-
thermore, possible combinations of conceptual templates are defined.
According to the examined data, a typical example is the combination
of time behavior templates with other templates (e.g., “Wait for 7 sec-
onds and press button 1”). In addition, it is necessary to document how
the composition is carried out. Finally, a conceptual template is cata-
loged. This means that all relevant data of the conceptual template has
to be documented: Decisions concerning the creation of the template,
the detailed description of the elements (static and variable parts),
the assigned category, possible combinations with other templates,
application examples of the template and systems using this template.

How this documentation has to be done is not prescribed and can
also be done, for example, by using a special software for knowledge
management. In the simplest case, a document structure is created for
each domain analysis performed for a system, which is managed in a
version control system such as Subversion (SVN). In this document
structure there are documents that contain all relevant data for the
conceptual templates and documents that document the individual
intermediate steps of the domain analysis, i.e., the extracted phrases
for actions and expected results in their original state, the extracted
elementary phrases, results of the rectification and transformation
activities, and the grouping results.
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6.1.2.5 Adjustment and Refinement with Domain Experts

Especially during Step 1 and Step 2, it is important to involve domain
experts in the domain analysis (cf. Figure 6.2). This ensures that
derived conceptual templates meet the needs of the users, i.e., test
designers and testers. This activity is also intended to ensure a smooth
introduction of a new Automotive Testing DSL.

For this purpose, workshops provide a suitable opportunity to dis- Conducting
Workshops with
Domain Experts

cuss transformations, conceptual templates, the defined vocabulary
and related examples with domain experts. Before a workshop is held,
a domain analyst extracts phrases from test case descriptions of a test
case specification and splits them into elementary phrases (see Step 0).
Furthermore, the domain analyst makes suggestions which phrases
should be rectified (e.g., Table 6.1) and transformed (e.g., Figure 6.4) in
which form (see Step 1). These rectification and transformation steps
have to be explicitly discussed and agreed upon with domain experts
during the workshops to avoid possible semantic falsifications. The rea-
sons for and decisions on rectifications and transformations that have Protocolling of

Decisionstaken place should be documented in a protocol. Furthermore, the
workshops are to be used for domain experts to support the definition
of the vocabulary, as they can identify and introduce system-specific
terms or provide useful hints for the standardization of terms. More-
over, a workshop should be used to present the developed conceptual
templates to the domain experts (see Step 2). Based on the workshop
results, the conceptual templates can be redefined or adjusted. If there
are individual elementary phrases for which no conceptual template
should be defined, this decision should also be documented in the
protocol. The documentation of the workshops by means of a proto-
col is especially important for a possible further development of the
conceptual templates or adjustments of the vocabulary.

In summary, the presented activities within the designed domain
analysis method allow to answer the research question as follows:

RQ3.1: What activities are required to extract domain specific concepts
from existing test case specifications?

It can be stated that the extraction of domain specific concepts
from existing test case specifications is based on the four main
steps data extraction & preparation (Step 0), identification of key con-
cepts (Step 1), definition of key concepts (Step 2), and classification of
key concepts (Step 3). Test case descriptions need to be extracted and
split into elementary phrases, which have to be rectified and trans-
formed. After grouping similar elementary phrases, conceptual
templates can be derived. The classification contains the assign-
ment to a group of concepts, the definition of correlations and
cataloging the key concepts. Adjustment and refinement of the con-
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ceptual templates in cooperation with domain experts is a necessary
activity that complements Steps 1 and 2.

It should be noted that most of the activities of the Test Case
Specification-Oriented Domain Analysis Method (cf. Figure 6.2) are
performed manually. Therefore, an approach was developed that au-
tomates individual activities in order to support the domain engineer.
This approach is explained in the following Section 6.2.

Furthermore, it is to be clarified to what extent the developed Test
Case Specification-Oriented Domain Analysis Method is applicable
and contributes to the development of system-specific Testing DSLs.
In addition, the benefits of the template-based approach by means of
system-specific Automotive Testing DSLs compared to the previously
used natural language approach should be investigated. These aspects
will be examined in more detail in Section 6.3.

6.2 automation of domain analysis activities

The manual preparation of test case descriptions, their grouping and
the derivation of conceptual templates is time-consuming. Experi-
ence has shown that it takes a domain engineer approximately two
days to derive conceptual templates for actions and expected results
from a smaller test case specification with about 250 test steps. Thus,Supporting the

Derivation of
Conceptual

Templates

the idea was born to automate individual activities of the Test Case
Specification-Oriented Domain Analysis Method (cf. Section 6.1.2) to
reduce effort. The implementation of the automated approach is
strongly oriented to the already introduced manual approach (cf.
Figure 6.2). An overview of the (semi-) automated activities are shown
in Figure 6.7 and are highlighted in green.

Step 3: Classification of Key Concepts

Step 2: Definition of Key Concepts (Abstraction)

Step 1: Identification of Key Concepts

Step 0: Data Extraction & Preparation

Extraction of Test Case Descriptions Splitting of Descriptions Into Elementary Phrases  

Transformation of Phrases

Creation of Conceptual Templates
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Grouping of Similar Elementary Phrases 

Cataloging Key Concepts

Definition of Used Vocabulary

Definition of the Correlations to Other Concepts  

Assignment to a Group of Concepts

Automated Semi-AutomatedLegend: Not Automated

Figure 6.7: Completely automated (green boxes with solid line) and semi-
automated (green boxes with dashed line) activities of the Test
Case Specification-Oriented Domain Analysis Method
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In the following, it is explained for each step how the automation is
realized by the developed algorithm, which was implemented in the
tool PhraseEx (cf. Section 7.2.1) during this thesis.

6.2.1 Automation Within Step 0

For data extraction, the action and expected result descriptions must Automation of
Phrase Extraction
and Splitting

be exported from a test case specification which is available in IBM
DOORS [83] or MS Excel, for example. First, a DXL script was de-
veloped which extracts the relevant data from IBM DOORS modules
in which test case specifications are stored. The tool NESSIE (cf. Sec-
tion 7.1.2) is also able to load test case specifications from IBM DOORS,
so that the data of a test case specification is available in an EMF
model [164] and can be used programmatically. The data can then
be prepared by splitting the test case descriptions into elementary
phrases. This is done depending on enumeration characters and line
breaks. Hence, the activities from Step 0 can be fully automated.

6.2.2 (Semi-) Automation Within Step 1

After extracting and splitting elementary phrases in Step 0, they are
further preprocessed and grouped in Step 1. Section 6.2.2.1 describes
which preprocessing aspects of rectification and transformation can be
automated. Then, Section 6.2.2.2 describes an approach to automate
phrase grouping using a cluster algorithm.

6.2.2.1 Rectification and Transformation of Elementary Phrases

The rectification of phrases in Step 1 can only be implemented au- Semi-automation of
Phrase Rectificationtomatically to a limited extent, which is why this activity is shown

in Figure 6.7 as semi-automated (dashed line). The recognition and
automated correction of spelling mistakes, is not possible with the aid
of conventional dictionaries, since the phrases contain domain-specific
technical terms, automotive specific abbreviations or signal names. In
preparation for the grouping of elementary phrases, only multiple
spaces are normalized to one. The phrases are then broken down into
individual tokens. A token is a sequence of characters or a word. The Tokens

space character is used as delimiter between the tokens. Each token
is then completely converted to lower case letters. This facilitates the
later comparison of elementary phrases and can also eliminate typing
errors, such as “Isw_Stat” instead of “ISw_Stat”. For the performed
phrase analyses, no cases were found in which the unification in lower
case caused errors or unintentionally merged elementary phrases.

Furthermore, there are also restrictions for automating the transfor- Semi-automation of
Phrase
Transformation

mation of phrases, since expert knowledge is required for this. In order
to support this activity, the developed algorithm offers the possibility
to define a placeholder and assign to it synonymously used terms,
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signal names or values. For this the domain engineer has to create a .txtPlaceholders

file, which first contains a freely selectable name for the placeholder
(e.g., __IGNITION_STATES__). After that, the file contains a list of
terms separated by line breaks which are to be replaced by the defined
placeholder, e.g., ignition positions IGN_LOCK, IGN_ACC, IGN_ON,
or IGN_START (see Figure 7.4 on Page 249 for another example). This
procedure allows the domain engineer and domain experts to take
already known inconsistencies in test case specifications (e.g., different
technical terms) into account before grouping elementary phrases.

6.2.2.2 Grouping of Elementary Phrases

The actual core of the implemented automation within Step 1 is theAutomation of
Phrase Grouping grouping of elementary phrases, which is called clustering in the

following. Thus, similar elementary phrases are grouped together in a
cluster if they have similarities in terms of the tokens they contain.

For clustering elementary phrases the DBSCAN algorithm describedDBSCAN
Algorithm by Ester et al. [42] is used. The DBSCAN algorithm has the advantage

over partitioning methods, such as the K-Means algorithm [123], that
the number of resulting clusters does not have to be known at the
beginning and that clusters of arbitrary shape can be discovered [42].
Usually it is not known how many clusters can be formed from
elementary phrases of a test case specification, which is why the
DBSCAN algorithm is suitable in this case. Furthermore, the DBSCAN
algorithm does not limit the cluster size (number of phrases within
a cluster) and an elementary phrase can only be assigned to exactly
one cluster. If a phrase cannot be assigned to a cluster, it remains as
a non-clustered phrase. This may apply in particular to individual
phrases which are, for example, unique and have no similarities with
other phrases.

The DBSCAN algorithm requires the following two parameters [42]:Parameters of the
DBSCAN
Algorithm (1) Eps, the maximum distance between two neighboring phrases

(2) MinPts, the minimum number of phrases in an Eps-neighborhood
of a phrase to form a cluster with these phrases

Accordingly, two phrases pX and pY from a document D are con-
sidered neighbors, if pY is in the Eps-neighborhood NEps of pX. For
this, the distance dist(pX, pY) between the phrases pX and pY must be
less than or equal to Eps [42]:

NEps(pX) = tpY P D|dist(pX, pY) ¤ Epsu (6.1)

In this case, pY is also called directly density-reachable from pX. In
addition, two phrases pA and pB are assigned to the same cluster if a
chain of phrases p1, ..., pn with p1 = pA and pn = pB exists, such that
pi+1 is directly density-reachable from pi, i.e., pi+1 P NEps(pi). In this
case, pA and pB are called density-connected to each other. Figure 6.8
illustrates these connections between neighboring phrases.
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Legend: Distance Cluster

pY
pZ
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Non-clustered 
Phrase

Eps-neighborhood

Figure 6.8: Example for directly density-reachable (pX , pY, pZ) and desity-
connected phrases (pA, pB) concerning DBSCAN algorithm

In order to cluster two elementary phrases pA and pB appropri-
ately, a suitable distance measure dist(pA, pB) is required to determine
the similarity between phrases. In addition, the parameters Eps and
MinPts of the DBSCAN algorithm have to be defined advantageously.
This will be discussed in the following.

similarity measures for comparing elementary phrases

To determine the similarity between elementary phrases, different Considered
Similarity Measuressimilarity measures intended to compare texts or sentences2 were

applied to automotive test case specifications. Table 6.2 shows com-
puted results using the example of a German test case specification for
the similarity measures3 Levenshtein similarity siml [122], Jaro-Winkler
similarity simjw [187], Trigram similarity simt [155, 173], and Sherlock
similarity sims [100, 182]. Furthermore, Table 6.2 contains results for
the Run Length similarity simrl , inspired by the Sherlock similarity and
developed as part of this thesis. It will be explained in more detail
later in this section. Usually the similarity measures between two ele-
mentary phrases pA and pB in Table 6.2 take a value between 0 and 1
with the exception of simt. The value 1 indicates a perfect match and
0 a maximum difference.

Levenshtein [122] and Jaro-Winkler similarity [187] represent edit Edit Based vs. Token
Based Similarity
Measures

distance based similarity measures, where the characters of two
phrases are compared and the minimum number of operations neces-
sary to transform one phrase into the other phrase is counted. In con-
trast, the Trigram [155, 173], Sherlock [100, 182] and Run Length simi-
larity represent token based similarity measures, because tokens, in
this case words separated by whitespaces, of two elementary phrases
are compared [113]. These two types of similarity measures were con-
sidered because the edit based similarity measures are particularly
well suited for short phrases or single words and token based similarity
measures are more appropriate for longer phrases. Both may be appli-
cable for elementary phrases in automotive test case specifications.

2 An overview of different distance measures is provided by Deza et al. [35].
3 Fundamentals for calculating these similarity measures are described in Appendix D.
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As can be seen from Table 6.2, the Levenshtein similarity is usuallyLevenshtein
Similarity siml and

Jaro-Winkler
Similarity simjw

less than the Jaro-Winkler similarity. This is due to the prefix scale that
Jaro-Winkler similarity uses, which gives higher ratings to strings with
the same beginning. Thus, even phrases that have only few similarities
receive quite high similarity values, such as simjw = 0.87 in the fifth
line in Table 6.2. The Levenshtein similarity measure is unsuitable if
words within a string are transposed or occur in different order, such
as siml = 0.09 in the third line in Table 6.2.

Table 6.2: Results of various tested similarity measures

Elementary Phrase pA Elementary Phrase pB siml simjw simt sims
a simrl

beifahrertür schließen beifahrertür schließen 1.00 1.00 -1.00b 1.00 1.00

beifahrertür schließen schließen __ARTICLE__ beifahrertür 0.09 0.54 0.00 0.83 0.33

schließen __ARTICLE__
drehfalle heckdeckel

schließen __ARTICLE__
heckdeckeldrehfalle

0.60 0.95 0.00 0.58 0.50

abwarten von busruhe abwarten von powerdown 0.64 0.87 0.00 0.67 0.67

aktivierung kindersicherung
fondtür rechts

aktivierung kindersicherung
fondtür links

0.88 0.96 0.33 0.75 0.75

taste entriegeln auf
__ARTICLE__ zv-innentaster
hinten links betätigen

taste entriegeln auf
__ARTICLE__ zv-innentaster
vorne links betätigen

0.93 0.95 0.33 0.88 0.88

schlüsseltaste entriegeln
betätigen

zv-innentaster fahrertür entriegeln
betätigen

0.58 0.68 0.00 0.58 0.50

abwarten von powerdown
__ARTICLE__ ezs

öffnen __ARTICLE__ tankdeckels 0.26 0.64 0.00 0.27 0.20

taste entriegeln auf
__ARTICLE__ zv-innentaster
vorne links betätigen für
zvi_tastenbetätigung_halten

mehrfach taste entriegeln auf
__ARTICLE__ zv-innentaster
vorne links betätigen

0.60 0.73 0.67 0.84 0.80

taste entriegeln auf __ARTICLE__
elektronischen fahrzeugschlüssel
für schlüsselbetätigung_kurz
innerhalb von __NUMBER__ sec
nach erreichen __ARTICLE__
spielschutzes betätigen

taste verriegeln auf __ARTICLE__
elektronischen fahrzeugschlüssel
für schlüsselbetätigung_kurz
betätigen innerhalb von
__NUMBER__ sec nach erreichen
__ARTICLE__ spielschutzes

0.98 0.90 0.59 0.94 0.94

zeitgleich taste verriegeln auf
__ARTICLE__ zv-innentaster
vorne links und taste verriegeln
auf __ARTICLE__ zv-innentaster
hinten rechts betätigen

taste entriegeln auf __ARTICLE__
zv-innentaster hinten links betätigen

0.45 0.66 0.06 0.73 0.35

a The Sherlock algorithm calculates a similarity score between 0 and 100. For better readability the calculated
score was divided by 100 to get a value between 0 and 1 that is comparable to the other similarity values.

b Total length of both phrases is less than 3, therefore no trigram can be formed. To indicate this, the resulting
similarity is negative, i.e., -1.00.

Furthermore, it can be seen from Table 6.2 that the Trigram similarityTrigram Similarity
simt is strongly dependent on the length of the phrases. Phrases smaller

than three words do not contain trigrams, which is indicated by
a negative value (simt = �1.00). Hence, this similarity measure is
particularly suitable for phrases with more than three tokens or words,
which is not always the case in automotive test case descriptions (e.g.,
parameter-value assignments usually consist of only three words).
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The Sherlock similarity originates from sentence-based natural lan- Sherlock Similarity
simsguage plagiarism detection [100, 182] and is based on the assumption

that two documents can be considered plagiarism, i.e., similar, if they
have a limited number of structural changes. According to the Sherlock
algorithm defined by the University of Warwick [32], the similarity of
two sentences s1 and s2 is calculated based on the sentence lengths
(e.g., len(s1)), which is defined by the number of words. In addition,
the number of common words com(s1, s2) of two sentences s1 and s2
is calculated. Hence, the Sherlock similarity sims for sentences s1 and
s2 is calculated as follows:

sims(s1, s2) =
1
2

(
com(s1, s2)

len(s1)
+

com(s1, s2)
len(s2)

)
(6.2)

The Sherlock similarity score is given by 100 � sims with 0 ¤ sims ¤ 1. Sherlock Similarity
ScoreWhite et al. [182] define a similarity threshold of 80 and a common thresh-

old of 6 words, i.e., two sentences are similar if they have a similarity of
sims ¡ 80 or have more than six words in common (com(s1, s2) ¡ 6).
However, these thresholds result from experience gained from the
comparison of source code comments and may not be transferable
to automotive test case specifications. Furthermore, White et al. [182]
perform an extensive preprocessing of the sentences to be compared,
e.g., words that occur too often and do not appear useful for com-
parison and duplicate words are eliminated. Especially the removal
of duplicates in an elementary phrase entails the risk of introducing
considerable changes in the meaning of the phrases. Therefore, the
preparation of phrases in Step 1 does not include such changes, but
only the adjustments described in Section 6.2.2. Nevertheless, the good
similarity results led to the idea to adjust the Sherlock similarity mea-
sure, which resulted in the creation of the Run Length similarity simrl .

The Run Length similarity measure is based on runs. Joy et al. [100] Run Length
Similarity simrldefine a run, as sequence of sentences that two documents have in
Run as Sequence of
Similarities

common. The sequence of these common sentences does not have
to be coherent. In the context of comparing two elementary phrases,
a run is a sequence of common words that occur in the same order
in both elementary phrases and form a coherent sequence. Between
two elementary phrases pA and pB there can be several runs, so that Total Run Length

trl(pA, pB)the sum of the length of all runs is defined by the total run length
trl(pA, pB). Figure 6.9 shows an example for calculating the total run
length between two elementary phrases pA and pB.

Common 
Tokens

First Run Length r1 = 4 Total Run Length = r 1 + r2 = 4 + 1 = 5Second Run Length r2 = 1

run ( ) run ( )

cl state door rear left = unlockedp1 :

r1 r2

cl state door rear right = locked

run ( ) run ( )

p2 : 

r1 r2

Figure 6.9: Example for calculating the total run length
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To normalize this similarity measure to values between 0 and 1, the
total run length is divided by the maximum length of both elemen-
tary phrases, which is the number of words in the longest phrase,
i.e., len(pA) or len(pB). Hence, the Run Length similarity simrl is
calculated as follows:

simrl(pA, pB) =
trl(pA, pB)

max (len(pA), len(pB))
(6.3)

The Run Length similarity measure represents a downward estimate
compared to the original Sherlock similarity measure, i.e., sims ¥ simrl .
Hence, the Run Length similarity is more stringent. This is shown by
the following mathematical derivation based on sims (cf. Equation 6.2):

1. It applies len(pA), len(pB) ¤ max(len(pA), len(pB)):

1
2

(
com(pA, pB)

len(pA)
+

com(pA, pB)

len(pB)

)
¥

1
2

(
com(pA, pB) + com(pA, pB)

max (len(pA), len(pB))

)

2. It applies com(pA, pB) ¥ trl(pA, pB):

1
2

(
com(pA, pB)

len(pA)
+

com(pA, pB)

len(pB)

)
¥

1
2

(
2 � trl(pA, pB)

max (len(pA), len(pB))

)

3. Summarize equation:

1
2

(
com(pA, pB)

len(pA)
+

com(pA, pB)

len(pB)

)
¥

trl(pA, pB)

max (len(pA), len(pB))

4. Hence it applies: sims ¥ simrl

Step two of the estimation downwards is based on the fact thatWhy com ¥ trl is
assumed? for the calculation of the total run length trl(pA, pB) the order of the

tokens is taken into account, while com(pA, pB) only checks if words
from phrase pA are also contained in phrase pB, regardless of their
position. Phrases that contain the same token more than once are a
special case. In this case com(pA, pB) ¤ trl(pA, pB) would apply. How-
ever, based on the examined automotive test case specifications in the
context of this thesis, test case descriptions rarely contain the same
tokens more than once, since they are usually written in note form or
in short sentences.

In conclusion, for clustering using the DBSCAN algorithm, the Jaro-Jaro-Winkler and
Run Length

Distance
Winkler and the Run Length similarity were considered promising.
The DBSCAN algorithm requires a distance measure dist(pA, pB),
which provides values between 0 and 1, where 0 represents a perfect
match and 1 the maximum difference. Therefore, the Jaro-Winkler
distance distjw(pA, pB) and the Run Length distance distrl(pA, pB) are
defined based on the presented similarity measures as follows.
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distjw(pA, pB) = 1� simjw(pA, pB) (6.4)

distrl(pA, pB) = 1� simrl(pA, pB) (6.5)

Based on this, the determination of suitable values for the parame-
ters Eps and MinPts of the DBSCAN algorithm is considered below.

determining suitable parameters for dbscan algorithm

Ester et al. [42] suggest the default value 4 for the parameter MinPts. Determining the
Parameter MinPtsHowever, this recommendation refers to two-dimensional data. In

the case of the elementary phrases to be clustered, however, these
are only one-dimensional data. According to the recommendation of
Sander et al. [150], the value for MinPts should be as small as possi-
ble and a suitable value should be calculated as MinPts = 2 � dim� 1,
where dim represents the dimensionality of the data. However, it
should apply MinPts ¡ 1, otherwise the “single-link effect” may oc-
cur [150]. It may happen that objects are clustered in one large cluster,
although it makes more sense to split them into two clusters. This is
exactly the case if there is a chain of objects between these two clusters,
where the distance of each object to the neighboring object is smaller
than Eps. Based on the suggestions of Sander et al. [150], the parame-
ter MinPts for clustering elementary phrases (dim = 1), would be one,
which is not recommended. Therefore, MinPts = 2 was chosen as a
suitable value. In principle, this also allows smaller clusters.

To determine a suitable value for the parameter Eps, the heuris- Determining the
Parameter Epstic described by Ester et al. [42] based on the determination of the

k-th nearest neighbor of an elementary phrase is used. Therefore, the
k-dist value, i.e., the distance to the k-th nearest neighbor of an el-
ementary phrase pX, is calculated for all elementary phrases. The
resulting k-dist values of all elementary phrases are then sorted and
plotted in descending order. The resulting graph is called a sorted Sorted k-dist Graph

k-dist graph and gives information about the density distribution [42].
Figures 6.10 and 6.11 show the sorted k-dist graphs for k P [1..6] based
on the Jaro-Winkler distance and the Run Length distance using the
example of an automotive test case specification that is considered by
experts to be of high quality.

The goal is to choose the smallest possible k-dist value of an elemen- Approach to Find a
Suitable Value for
Eps

tary phrase pX based on which the parameter Eps is set to k-dist(pX).
All elementary phrases with a smaller or equal k-dist value are grouped
in one cluster, therefore a smaller value should be chosen. This value
is called the threshold point and can be identified by a “plateau”4 in the
sorted k-dist graph.

4 In the original paper, Ester et al. [42] refer to such noticeable points in the sorted
k-dist graph as “valley”. However, since the graph is sorted in descending order, there
can be no “valley”. Therefore, the term “plateau” is preferred in this thesis.
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Figure 6.10: Sorted k-dist plots regarding Jaro-Winkler distances
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Figure 6.11: Sorted k-dist plots regarding Run Length distances

Basically, it can be seen from Figure 6.11 that the Run Length dis-
tance seems to be more suitable for determining a k-dist value, since
the graph shows more distinctive “plateaus”. In addition, the “plateaus”
are much wider, i.e., there are more frequent phrases with identical
k-dist values to their neighboring phrases. For example, the k-dist value
0.500 is applicable for 109 elementary phrases or the value 0.333 is
applicable for 63 elementary phrases (cf. Figure 6.13):

In contrast, the sorted k-dist graph of the Jaro-Winkler distance
(cf. Figure 6.10) shows a very flat curve and only a few distinctive
“plateaus”. Some examples of potentially suitable k-dist values are
shown in Figure 6.12 but they are not as clearly identifiable as in
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Figure 6.13: Zoomed extract from the sorted k-dist graphs regarding
Run Length distances

the sorted k-dist graphs regarding the Run Length distance. The flat
curves of the sorted k-dist graphs shown in Figure 6.10 also confirm
that many of the elementary phrases are rated as relatively similar
by the Jaro-Winkler distance measure, which is reflected in a lower
dispersion of the k-dist values, which are mostly between 0.003 and
0.406. The same observation has already been made in Table 6.2.

Based on the heuristic of Ester et al. [42] a suitable value for the
parameter Eps was determined using the sorted k-dist plots of different
automotive test case specifications. After analysis of different cluster
results for different k-dist values and both distance measures, the Run
Length distance was found to be appropriate. It has been observed that
when clustering is based on the Jaro-Winkler distance, similar phrases
are usually distributed over several clusters, resulting in a larger
number of clusters. In addition, a larger proportion of elementary
phrases remain that could not be assigned to a cluster. In contrast,
using the Run Length distance for clustering leads to cluster results
that are very similar to the results of manual clustering as described in
Section 6.1.2. In the end, Eps = 0.333 was chosen as a suitable value
for the clustering of elementary phrases, which is also evident from the
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results of the clusterings performed in the evaluation (cf. Section 6.3.2).
It should be noted that for this k-dist value a wider “plateau” could also
be identified in different sorted k-dist plots and for different test case
specifications. Therefore, Eps = 0.333 is a suitable starting value for
clustering other automotive test case specifications. However, if test
case specifications deviate from the conventional way of describing
test cases or if the cluster results are not satisfactory, it is advisable to
repeat the determination of Eps based on the heuristic described by
Ester et al. [42].

Due to this approach, a large number of elementary phrases can be
clustered depending on the test case descriptions contained in a test
case specification. The remaining non-clustered phrases are mainly
short phrases, such as shown in Table 6.3.

Table 6.3: Examples of non-clustered elementary phrases

Action Phrases Expected Result Phrases

closing the fuel filler flap light_switch_position = auto

closing the wiper water flap light_switch_position = manual

closing the tank cap light_switch_position = parking light

execute bs_adl_off closing passive = active

execute bs_adl_on closing passive = not active

This is quite plausible, since the Run Length distance used is a
token-based similarity measure, which is known to be less suitable for
single words or shorter strings. In particular, this affects descriptions
from expected results, which often involve parameters and value
assignments (cf. Table 6.3).

For this reason, a subsequent clustering of remaining elementarySubsequent
Clustering based on
a Greedy Algorithm

phrases is necessary. This clustering is performed using a developed
greedy algorithm that is based on n-grams [155]. The term n-grams
is used when a phrase p is split into sub-phrases psub of length
len(psub) = n. Depending on n, these sub-phrases are called mono-
grams (n = 1), digrams (n = 2), trigrams (n = 3), etc. Examples for
the decomposition of a phrase into n-grams of different lengths and
their names are shown in Table 6.4.

Table 6.4: Examples for n-grams

Example Phrase: “Open the door rear left”

n-Gram Name n n-Grams

Unigram (Monogram) 1 “Open”, “the”, “door”, “rear”, “left”

Bigram (Digram) 2 “Open the”, “the door”, “door rear”, “rear left”

Trigram 3 “Open the door”, “the door rear”, “door rear left”

Tetragram 4 “Open the door rear”, “the door rear left”

Pentagram 5 “Open the door rear left”
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The developed algorithm initially groups all remaining elementary
phrases that have common trigrams. This is then repeated for still
non-clustered phrases with digrams and monograms. Thus, even short
phrases can be clustered that were not previously clustered by the
DBSCAN algorithm due to a low similarity. The heuristic offers par-
ticular advantages if the remaining elementary phrases are signal or
value assignments and therefore contain the same technical terms,
signal names or parameters. Thus, they are typically assigned to the
same cluster. Based on the clustering results, the presented automation
approach seems to be appropriate for automotive test case specifica-
tions, as these are similar to the results of the manual grouping. In
addition, the developed approach is evaluated in Section 6.3.2.

6.2.3 Automation Within Step 2

Based on the clustered elementary phrases, suggestions for conceptual
templates are automatically derived in Step 2 (cf. Figure 6.7). For
this purpose, an approach for the analysis of the structures of RNA Multiple Sequence

Alignment (MSA)and DNA sequences from bioinformatics is used – Multiple Sequence
Alignment (MSA). Multiple sequences are compared methodically and
with respect to the order of the contained elements. The results are
multiple alignments between the sequences, which describe sequences
of editing operations that describe a transformation from one sequence
to another. A global alignment is used, in which all elements of a
sequence are taken into account and not only subsequences, as would
be the case with a local alignment [23]. The developed algorithm for
the automated derivation of a conceptual template for elementary
phrases that are clustered in a group is described in the following.

First, the elementary phrases clustered in a group are converted Encoding of
Elementary Phrasesinto a string that encodes the phrases as a protein sequence. For

this purpose, all words of the phrases contained in a cluster are first
recorded and assigned to a unique protein coding. For example, this
results in the protein sequence “I Q R K M H P N E” from the
elementary phrase “press unlock button several times on zv-inside_button
front left”. MSA is then performed based on these protein sequences.
For this, similarities between the sequences are first calculated pairwise
using the Needleman-Wunsch algorithm [135]. This results in a matrix
which contains the calculated distances between the sequences. These
are used to create a guide tree [23], also known as a phylogenetic tree.
This is used to perform a progressive alignment [49], the result of
which is the MSA. This method for performing MSA is implemented
in the program Clustal [79] or ClustalW [170], which is also part of the
open source project BioJava [11] used in this thesis. Table 6.5 shows
an example of MSA of four elementary phrases.
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Table 6.5: Example of a Multiple Sequence Alignment (MSA) based on ele-
mentary phrases encoded in protein sequences

Multiple Sequence Alignment Decoded Elementary Phrases

I Q R K M H P N E – – – – – press unlock button several times on zv-inside_button front left

I F R K M H P N E – – – – – press lock button several times on zv-inside_button front left

I Q R K M H P N E D C G A L press unlock button several times on zv-inside_button front left
in intervals of 1 sec

I F R K M H P N E D C G A L press lock button several times on zv-inside_button front left
in intervals of 1 sec

After that, the obtained MSA serves as a basis for the derivationHeuristic for
Deriving Conceptual

Templates
of a conceptual template. For this purpose, a developed heuristic
compares the contained elements column by column. If the elements of
different sequences of the respective column are identical, the element
is included in the template. If there are several different elements per
column, such as the elements Q and F in Table 6.5, options are created
in the template (e.g., Q | F). If there are gaps in one or more of the
sequences indicated by “–”, this element is included in the template
as optional and marked with a “?”. Therefore, the template shown in
Figure 6.14 results from the example of the MSA shown in Table 6.5.

I ( Q | F ) R K M H P N E ( D C G A L ) ?

Figure 6.14: Example of a template suggestion represented as protein coding

This protein sequence (see Figure 6.14) is then decoded again, re-
sulting in the conceptual template shown in Figure 6.15.

press ( lock | unlock ) button several times on zv-inside_button
front left ( in intervals of 1 sec ) ?

Figure 6.15: Example of a conceptual template decoded from the protein
coding in Figure 6.14

Further examples of clustered elementary phrases and the concep-
tual templates derived for them based on the described MSA-based
approach are shown in Table 6.6.

However, the described MSA-based approach is a heuristic, which
means that it is not always possible to obtain a context-free grammar
from the conceptual templates for creating a Testing DSL. Thus, not
all automatically generated conceptual templates are suitable. For
example, Table 6.7 shows three clustered elementary phrases and
the automatically determined conceptual template. Based on this,
the following two elementary phrases could also be derived using
the conceptual template: “request for interior locking from system active
protection” or “request for interior locking from system special comfort”. But
the systems active protection or special comfort might not exist at all.
In this case the conceptual template “request for interior locking from
system (parkpilot|special protection|active comfort)” would be correct.
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Table 6.6: Examples of clustered phrases and conceptual templates

Template: press ( locking | unlocking ) on zv-inside_button ( left | right ) rear door

Cluster: press unlocking on zv-inside_button left rear door

press locking on zv-inside_button left rear door

press unlocking on zv-inside_button right rear door

press locking on zv-inside_button right rear door

Template: opening the ( left | right ) rear door from inside

Cluster: opening the left rear door from inside

opening the right rear door from inside

Template: clamp state = ( ign_off | ign_lock | ign_acc )

Cluster: clamp state = ign_acc

clamp state = ign_lock

clamp state = ign_off

Template: valet parking not? activated

Cluster: valet parking activated

valet parking not activated

Table 6.7: Example of an insufficient conceptual template

Template: request for interior locking from system ( parkpilot | special | active ) ( protection
| comfort )?

Cluster: request for interior locking from system parkpilot

request for interior locking from system special protection

request for interior locking from system active comfort

Nevertheless, the automatically generated conceptual templates pro-
vide insights into the structure and vocabulary used and also show
which parts are variable parts (indicated by |) or optional parts (indi-
cated by ?). This supports a language engineer in the development of
a system-specific Testing DSL.

The developed automation of domain analysis activities described
in this section has been implemented in a tool called PhraseEx, which
is illustrated in more detail in Section 7.2.1.

In order to show whether the automated approach developed
achieves approximately similar results to the manual approach (cf.
Section 6.1), an evaluation is presented in Section 6.3.2. The results
of the manually performed domain analysis are compared with the
results of the automated domain analysis. The focus is on the grouping
of elementary phrases, i.e., the described Automation within Step 2.
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6.3 evaluation

The previous Sections 6.1 and 6.2 presented a methodical approach for
supporting the development of system-specific Testing DSLs in terms
of the developed Test Case Specification-Oriented Domain Analysis
Method. On the one hand, this section focuses on the applicability of
the developed domain analysis method. On the other hand, it is investi-
gated whether system-specific Testing DSLs, which are designed based
on the developed domain analysis method, are usable by practitioners
for the creation and documentation of test cases and whether they offer
advantages over the conventional natural language based approach.

For this reason, the applicability of the method as described in
Section 6.1 is demonstrated in Section 6.3.1 by means of the manu-
ally performed analysis of five real test case specifications from the
automotive domain. This is supplemented by an example of a system-
specific Testing DSL, which was defined based on the results of the
domain analysis performed. In addition, the automation of individual
activities of the domain analysis method described in Section 6.2 is
evaluated in Section 6.3.2. This is done by comparing results from
the manual and automated execution of the Test Case Specification-
oriented Domain Analysis Method. Subsequently, the usability of the
template-based approach for the creation and documentation of test
cases is evaluated by means of an system-specific Testing DSL from
the automotive domain. For this purpose practitioners participated
in a usability study, which is presented in Section 6.3.3. Furthermore,
the effectiveness of the template-based approach in terms of reduc-
ing defects in test cases is examined in a controlled experiment and
compared to the conventional natural language based approach. The
design and the results of the controlled experiment are presented in
Section 6.3.4.

6.3.1 Conducting Test Case Specification-Oriented Domain Analyses

The steps described in Section 6.1.2 for conducting a domain analy-
sis for supporting the development of system-specific Testing DSLs
have been carried out for five representative automotive systems
(see Table 6.8). Test Case Specifications A, B and C were selected fromApplication of the

Test Case
Specification-

oriented Domain
Analysis Method to

five representative
automotive Test Case

Specifications

internally tested embedded systems from different departments and
Test Case Specifications D and E are from different external suppliers.
According to results of a previous study [106], automotive test case
specifications have an average size of approximately 500 test cases.
Thus, Test Case Specifications A and E are two larger specifications,
Test Case Specifications B and C are smaller and D is a medium-sized
specification. In the following, the results of the conducted domain
analyses and an example Testing DSL are presented.
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Table 6.8: Results of the conducted domain analyses [102] © 2019 IEEE
Test Case Test Case Test Case Test Case Test Case

Specification A Specification B Specification C Specification D Specification E

#test cases 492 82 66 213 750

#test steps 4458 236 66 1001 2845

Attributes actions expected
results

actions expected
results

actions expected
results

actions expected
results

actions expected
results

#descriptions 228 351 40 58 27 51 80 98 152 117

#elementary
217 130 39 59 32 117 83 100 99 141

phrases

#rectified & trans-
179 59 19 39 32 117 83 56 99 137

formed phrases

#conceptual
20 15 6 5 5 10 9 9 12 14

templates

#individual cases 41 7 9 0 0 10 3 6 40 21

Template 85% 82% 70% 95% 81%

Coverage (3790/4458) (194/236) (46/66) (946/1001) (2583/2845)

The number of test cases (#test cases) and the total number of test
steps (#test steps) shown in Table 6.8 reflect the size of a test case speci-
fication. Each test step has an action and an expected result attribute
(cf. example of a specified test case in Figure 2.6, Page 26). Descriptions
were extracted from these attributes, as explained in Section 6.1.2.1,
and counted (#descriptions). For Test Case Specification A, for exam-
ple, a total number of 228 different descriptions were extracted from
4, 458 action descriptions. This indicates a frequent reuse of descrip-
tions. The number of elementary phrases (#elementary phrases) does
not always have to be smaller than the number of descriptions. This
depends on the content of the descriptions and the result of split-
ting descriptions into elementary phrases. Test Case Specifications A
and B mainly contain one-liners (cf. Section 6.1.2.1 and Listing 6.1),
which means that there is only one elementary phrase per descrip-
tion. A greater difference between the number of descriptions and
elementary phrases is seen in particular in Test Case Specification E.
In this case, many descriptions consist of different combinations of
elementary phrases, which is why the number of elementary phrases
is significantly smaller than that of the descriptions. In contrast, Test
Case Specification C contains very comprehensive descriptions, which
explains the greater number of elementary phrases compared to the
number of descriptions.

The step of rectifying and transforming elementary phrases (cf. Sec-
tion 6.1.2.2) can reduce the number of phrases considerably, e.g., in
Test Case Specification B from 39 to 19 (#rectified & transformed phrases).
The reason for this is the inconsistent use of terms, typing and spelling
errors and different phrasing.

Usually, the number of derived conceptual templates (#conceptual
templates) is considerably smaller than the number of phrases after the
rectification and transformation phase. Similarly structured phrases,



208 template-based approach for creating test cases

which, for example, only differ in terms of the parameters or technical
terms used, are grouped together to form a template. The test case
specifications examined show that a large part of the phrases can be
covered by 5 to a maximum of 20 templates.

In some cases it is not advisable to develop conceptual templates,Recommendations
for Developing

Conceptual
Templates

taking into account the involvement of the respective domain experts
of a system. For instance, it is recommended to avoid developing a
template for phrases that occur only once. The time and effort required

Unique Phrases
to create and maintain the template does not justify its one-time use.
Furthermore, there are phrases that occur more than once in a test caseUnsuitable Structure

of Phrases specification, but are not suitable for deriving reusable phrases. These
include, for example, phrases that represent a comment instead of anCommentary Phrases

action description, such as “Hint: Test in daylight and uniform illumina-
tion of the vehicle” (8 occurrences). In addition, there are unnecessaryUnnecessary Phrases

action descriptions such as “Measuring voltage on the mirror electronics
(inside mirror and outside mirror driver’s side)” (168 occurrences). In this
case, it is already suggested by the documented expected voltage
value, which is documented in the corresponding expected result, that
the voltage has to be measured. Such phrases can make a test case
unnecessarily long and difficult to read. Moreover, inaccurate phrases
may occur, such as “previous state remains unchanged” (1 occurrence).
By changing the test step sequence, the reference to the previous state
could be falsified. It also happens that test case descriptions still con-
tain incomplete phrases, which is obvious from placeholders such asIncomplete Phrases

“tbd” or “???”, and are therefore not suitable for deriving conceptual
templates due to a lack of information. In summary, such phrases are
treated as individual phrases (#individual cases) for which no concep-Individual Phrases

tual templates have been created. They can occur in several test steps.
In order to be able to handle individual phrases, wildcard templatesWildcard Templates

are defined instead. A wildcard template starts with a unique key-
word, e.g., “Free text:”, and then any text can be written which does
not have to follow the specifications of a conceptual template.

Finally, the degree of template coverage is calculated. This speci-Template Coverage

fies how many of the extracted test steps can be described by using
only the derived conceptual templates. If a test step contains one or
more individual phrases, then this test step is not covered by a con-
ceptual template and has a negative effect on the template coverage.
Applying wildcard templates would result in 100% template coverage
because everything can be described using wildcard templates. The
template coverage for the considered test case specifications is betweenHigh Template

Coverage through
Conceptual

Templates

70% and 95%. On the one hand, this result underlines the former ef-
forts of the test designers regarding uniformity, which is especially
applicable for Test Case Specification C, since no further reduction
of elementary phrases could be achieved by rectification or transfor-
mation. Nevertheless a template coverage of 70% could be achieved.
On the other hand, a high degree of reuse of phrases is evident, for
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example, from the expected results of Test Case Specification A (351 de-
scriptions can be grouped into 130 elementary phrases) or the actions
of Test Case Specification E (152 descriptions can be grouped into 99
elementary phrases). The analyzed test case specifications show that
they are suitable for deriving and using templates. Thus, depending
on the occurrence of individual phrases, a high template coverage can
be achieved.

In order to give an impression of how conceptual templates look An Example for
Conceptual
Templates

like, Figure 6.16 illustrates a set of developed conceptual templates for
Test Case Specification B.

<reaction description>
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<event> must be suppressed
variable static

“Level regulation” must be suppressedTe
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<object> is | remains | has been
variable static

“High beam” is “switched off”
<state>
variable
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During <event>
static variable

During “engine start” “head unit” remains “switched off”
<object> is | remains | has been
variable static

<state>
variable
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Perform base scenario <base scenario name>
static variable

Perform base scenario “Manual Transmission Parking Brake”

Trigger function <function name>
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Set parameter <parameter name>
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Press button
<button 
name>

static variable

at

static
<button 
location>

variable

Press button “window opener” at “rear left door” for “rear left window” in position “open”
Press button “rear blind”  in position “close”
Press button “level regulation”

for

static
<object to be 
controlled>

variable

in position

static

<state>

variable
OPTIONAL

OPTIONAL

Figure 6.16: Conceptual templates for action phrases (Templates 1-6)
and expected result phrases (Templates 7-11)
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Template 5 in Figure 6.16 consists of optional parts, which is shown
by the representation of three variants. The templates clarify the
structure of the phrases, characterize variable and static parts, and
contain the defined vocabulary in the form of keywords. By using the
eleven templates exclusively, it is possible to completely describe 82%
of the test steps contained in Test Case Specification B (cf. Table 6.8).

One conceptual template can cover several elementary phrases, as
indicated in Table 6.8. Furthermore, an elementary phrase can occur as
often as desired in a test case specification (e.g., Elementary Phrase 3
in Figure 6.3 on Page 186).
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Figure 6.17: Number of original phrases assigned to the templates and
elementary phrases covered by a conceptual template

Using Test Case Specification B as an example, Figure 6.17 showsOccurrence of
Original Phrases in

Relation to
Elementary Phrases
and their Mapping

to Conceptual
Templates

how many elementary phrases are covered by each template. Tem-
plate 1 covers 132 phrases that occur in the test case specification.
Table 6.9 shows which of the 4 elementary phrases occurs how often
in the test case specification. These 132 phrases can be reduced to 4
elementary phrases due to duplicates.

Table 6.9: Example for the occurrence of elementary phrases

Elementary Phrases Occurrence

Perform base scenario “Remote Start Preconditions” 78

Perform base scenario “Remote Start for Battery Charging” 4

Perform base scenario “Remote Start for Pre-conditioning” 25

Perform base scenario “Remote Start Preconditions with Sunroof in Lift Position” 25

Template: Perform base scenario <base scenario name> 132

In the example shown in Table 6.9, only the names of the base
scenarios differ. In particular, Templates 1, 2, 8, and 11 shown in
Figure 6.17 underline the frequent reuse of certain phrases within a
test case specification.
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Based on the determined conceptual templates it is possible to An Example for an
Automotive Testing
DSL

define an Automotive Testing DSL. Listing 6.2 presents an excerpt
for a grammar definition with respect to the conceptual templates
extracted for Test Case Specification B (cf. Figure 6.16). The grammar
contains rules for the specification of action descriptions. Lines 1 and 2
define that an action description consists of a single phrase or a list
of phrases that can be unnumbered (–) or numbered (e.g., 1., 2., etc.).
Then, the rules for the conceptual templates are defined (Lines 3 to 31).
The grammar includes the definition of a wildcard template (Lines 33
and 34) that starts with the keyword “Free text:” and afterward may
contain any text. Thus, test steps containing individual cases (18%)
can be described.

1 Phrase : a c t i o n =Action | a c t i o n L i s t +=ListAction +;
2 ListAction : ( ’− ’ a c t i o n =Action ) | ( count=INT ’ . ’ a c t i o n =Action ) ;
3 Action : BaseScenarioPhrase | UsagePhrase | ClampPhrase |
4 ParameterPhrase | FunctionPhrase | ObjectPhrase |
5 FreePhrase ;
6

7 BaseScenarioPhrase : //Template 1

8 ’ Perform base s c e n a r i o ’ baseScenarioName =[ BaseScenar ioName|
9 STRING ] ;

10

11 ParameterPhrase : //Template 2

12 ’ Se t parameter ’ parameterName =[ ParameterName|STRING]
13 ( ’= ’| ’< ’| ’> ’ ) parameterValue =[ Paramet e rVa lue|STRING ] ;
14

15 FunctionPhrase : //Template 3

16 ’ Tr igger funct ion ’ functionName =[ FunctionName|STRING] ’ via ’
17 fu nc t i o nT r i gg er =[ F u n c t i o n T r i g g e r |STRING ] ;
18

19 ClampPhrase : //Template 4

20 ’ Switch clamp ’ clampName=[ClampName|STRING] ’= ’
21 clampValue =[ ClampValue|STRING ] ;
22

23 UsagePhrase : //Template 5

24 ’ Press button ’ buttonName=[ ButtonName|STRING]
25 ( ’ a t ’ buttonLocat ion =[ B u t t o n L o c a t i o n |STRING ] ) ?
26 ( ’ f o r ’ contro ledObjec t =[ C o n t r o l e d O b j e c t |STRING ] ) ?
27 ( ’ in p o s i t i o n ’ s t a t e =[ S t a t e |STRING ] ) ? ;
28

29 ObjectPhrase : //Template 6

30 o b j e c t A c t i o n =[ O b j e c t A c t i o n |STRING] objectName =[ ObjectName|
31 STRING ] ;
32

33 FreePhrase : //Wild Card Template

34 ’ Free t e x t : ’ t e x t =STRING ;

Listing 6.2: Grammar for the representation of the conceptual templates of
action descriptions extracted for Test Case Specification B

The variable parts, such as parameter names and values or button
names, are defined in a dictionary, which contains semantic relations
between the terms relevant to the respective system. Thus, a flexibility
of the DSL can be achieved, since the basic structure is provided by
the DSL and the variable parts can be supplemented or modified in
the dictionary if required. This also makes it possible to use identified
key concepts and related templates for other systems. How the usage
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of such templates can be supported by tools is shown in Section 7.2.2
by means of the SofTSpeC Editors designed in the context of this thesis.
Additionally the usability of this concept is evaluated in Section 6.3.3.
Before this, the developed automation for clustering of elementary
phrases will be evaluated in the following section.

6.3.2 Comparison of Manual and Automated Cluster Results

As part of the Test Case Specification-Oriented Domain Analysis
Method (cf. Section 6.1.2), the grouping of elementary phrases is
an essential step for the derivation of conceptual templates. In Sec-
tion 6.2.2.2 an automation based on the DBSCAN algorithm was
presented for this activity. In this section, the automated approach is
evaluated by comparing the results of manual grouping with those of
automated clustering. The aim of the evaluation is to show that theAim of the

Evaluation results of the automated approach are similar to those of the manual
approach and can therefore be used for the derivation of conceptual
templates. It is examined to what extent manually grouped elementary
phrases are also clustered by automation. Furthermore, it will be inves-
tigated in how many clusters the elementary phrases are distributed
by the automated approach compared to the manual approach.

study design & data collection Elementary phrases areElementary Phrases
as Input the basis for manual grouping and automated clustering. To obtain

elementary phrases, test case descriptions must first be extracted from
test case specifications, split, rectified, and, if necessary, transformed.
In this evaluation, the same elementary phrases from action and
expected result descriptions are used as input for manual grouping
and automated clustering. Then, for each elementary phrase from
manual grouping, it is determined to which automatically created
cluster it is assigned. This is shown graphically using sankey diagrams.Sankey Diagrams

These diagrams visualize which groups respectively clusters exist and
which elementary phrases from a group are contained in a certain
cluster. In addition, Cohen’s Kappa κ [26] is given as measure for theCohen’s Kappa κ

agreement between the result of manual grouping and automated
clustering. For the interpretation of Cohen’s Kappa, and thus for the
description of the relative strength of agreement, the nomenclature of
Landis et al. [120] is used, where, for example, 0.81 ¤ κ ¤ 1.00 stands
for an almost perfect, 0.61 ¤ κ ¤ 0.80 for a substantial, 0.41 ¤ κ ¤ 0.60
for a moderate, 0.21 ¤ κ ¤ 0.40 for a fair, 0.00 ¤ κ ¤ 0.20 for a slight,
and κ   0.00 for a poor agreement.

For the evaluation three real automotive test case specificationsTest Case
Specifications Used

for the Evaluation
(E1 – E3)

are used, for which elementary phrases have already been extracted
manually and for which a grouping of these elementary phrases has
already been performed manually. Table 6.10 shows characteristics of
the considered test case specifications. Three test case specifications of
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different sizes were selected for this study. Test case specification E1 is
a small, E2 is a medium and E3 is a large one. They are different from
those shown in Table 6.8.

Table 6.10: Overview of the test case specifications used for the evaluation

Test Case
Specification E1

Test Case
Specification E2

Test Case
Specification E3

# test cases 46 203 750

# test steps 127 353 2845

# elementary phrases
actions

39 86 131

# elementary phrases
expected results

54 77 105

results Figures 6.18, 6.19 and 6.20 illustrate the results of the com-
parison using sankey diagrams, which are discussed below. For each test
case specification (E1 – E3) there is a sankey diagram for the elementary
phrases from the action and one for those from the expected result
descriptions. On the left-hand side are the groups (GA or GER), which
represent the result of the manual grouping. On the right-hand side
are the clusters (CA or CER) resulting from the automated clustering.
The number of elementary phrases contained in the groups and clus-
ters is indicated in parentheses.

For Test Case Specification E1, Figure 6.18 (a) shows for action de- Results regarding
Test Case
Specification E1

scriptions that one elementary phrases from group GA1 and one from
GA5 are not clustered by the automated approach. The elementary
phrase “Outdoor temperature < 5�C” was manually grouped together
with phrases of the form “Light switch position = AUTO” in group GA1,
since both phrases are considered as a kind of parameter and value
assignment. In contrast, the phrase for temperature indication was not
clustered, as there are no matching tokens with light switch phrases.

Furthermore, the three elementary phrases from group GA5 have
different lengths. The two phrases clustered in cluster CA8 contain
six and eight words. The third phrase from Group GA5, which was
not clustered by the DBSCAN algorithm, is only three words long,
with two words matching the longer phrases. Therefore, these three
elementary phrases from group GA5 are not clustered in the same
cluster. For action descriptions of Test Case Specification E1, Cohen’s
Kappa was calculated5 with κ = 0.932, which represents an almost
perfect agreement between groups and clusters.

5 Several clusters resulting from a group and thus representing a more fine-grained
division of this group were combined, so that the calculation of Cohen’s Kappa is based
on a nxn confidence matrix, where n corresponds to the number of groups including
the group of not grouped phrases. This procedure was used to calculate Cohen’s Kappa
for Test Case Specifications E1 to E3.
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Figure 6.18: Comparison of the results of manual grouping and automated
clustering of Test Case Specification E1

For expected result descriptions, only one elementary phrase from
group GER1 is not clustered (see Figure 6.18 (b)) that is also used
to indicate the outside temperature. All other elementary phrases
were clustered and were also clustered in similar clusters. The only
thing that stands out is that the clusters are more fine-grained and
therefore there are more clusters than groups. In this case this may
indicate poor manual grouping. For example, group GER2 contains
elementary phrases describing the state of an object, such as “parking
light is active” or “rear blind remains open”. The grouping into several
clusters (CER4 – CER10) is done according to the objects, such as “high
beam”, “sunroof”, “windscreen wiper”, “ambient lights”, “trunk lid”, or

“exterior mirrors”. For action descriptions of Test Case Specification E1,
Cohen’s Kappa was calculated with κ = 0.969, which represents an
almost perfect agreement between groups and clusters.

Figure 6.19 (a) shows in the action descriptions of Test Case Specifi-Results regarding
Test Case

Specification E2
cation E2 three manually created groups (GA2, GA3, and GA4) which
group parameters, such as “isw_stat=ign_acc”, “set isw_stat=ign_off”,
“rdlgt_fl_rq_st3 = 0%”, or “[icf_modelparam_write][pilc_ttimeout] = 10s”.
The latter type of parameters form the group GA3. The parameter
names were considered in the evaluation in their original form and
not replaced by placeholders (cf. Section 6.2.2.1). This also explains the
more fine-grained partitioning of the parameter phrases from groups
GA2 and GA3 into clusters CA3 to CA7. Replacing the parameter names
with placeholders would result in fewer clusters. From the group of
not grouped elementary phrases one elementary phrase was clustered
in cluster CA17 together with elementary phrases from group GA13
due to a matching word by the subsequent greedy algorithm (see
algorithm description on Page 203). Overall, the cluster result is very
similar to the manual grouping result. This is also confirmed by Co-
hen’s Kappa with κ = 0.842, which represents an almost perfect match.
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Figure 6.19: Comparison of the results of manual grouping and automated
clustering of Test Case Specification E2

In the expected result descriptions in Figure 6.19 (b), the elementary
phrases from groups GER1 to GER3 are similar to the action descrip-
tions of parameter phrases. This also explains the clustering of four
phrases from group GER1 and the two phrases from group GER2 into
cluster CER3. Group GER6 has a phrase that is twice as long (eight
words) as the phrases otherwise contained (three to four words). This
phrase is assigned to cluster CER13 by the subsequent clustering. The
other phrase contains only three words, and only one word has a
match with other phrases. Therefore this phrase is not clustered. In
addition, it is noticeable that the greedy algorithm causes previously
not clustered phrases to form new clusters (CER13 and CER14). Overall,
the calculated Cohen’s Kappa with κ = 0.908 shows an almost perfect
agreement between manual grouping and automated clustering.

The third considered Test Case Specification E3 shows a few more Results regarding
Test Case
Specification E3

differences between manual grouping and automated clustering in
the action descriptions (cf. Figure 6.20 (a)). Two elementary phrases
from group GA8 with a length of seven words were clustered in
cluster CA9, since these seven words are completely contained in a
phrase from GA9. The elementary phrases from GA8 to GA10 are very
similar, since they describe the operation of a handheld transmitter.
They differ only in the beginning of the phrases, which describes a
temporal context, such as “exactly 20 seconds after the signal is sent ...”
or “within 60 seconds of pressing the key ...”. Hence, they are clustered
together into cluster CA9. Group GA12 contains elementary phrases
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like “send standby request” or “send wake-up request”. These two phrases
are assigned the previously non-grouped phrase “send 3 times different
security byte”, which results in cluster CA13. This can be explained by
the subsequent greedy algorithm due to the matching of the word
“send”. Since there is a match of two words between the third phrase
from group GA12 and a phrase from group GA13, they form the new
cluster CA14.
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Figure 6.20: Comparison of the results of manual grouping and automated
clustering of Test Case Specification E3

The combination of the elementary phrases from groups GA15, GA16
and GA17 (cf. Figure 6.20 (a)) can be explained by the fact that the
elementary phrases of the form “press button 1 for 1 second” from group
GA15 are completely contained in the phrases from groups GA16 and
GA17, e.g., “during engine start press button 1 for 1 second”. This is an
example that manual clustering can also be carried out very fine-
granularly. The elementary phrase “press programming key on garage
door operator” from group GA15 is not clustered by the automated
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approach because it does not match the phrases of the form “press
button 2 for 1 second”. The subsequent greedy algorithm also causes a
clustering of previously not clustered phrases, which is mainly due
to the combination of phrases that have only one word in common.
Altogether, Test Case Specification E3 has 131 elementary phrases for
action descriptions, which makes it a larger test case specification.
The sankey diagram (cf. Figure 6.20 (a)) shows some more differences
between manual grouping and automated clustering. Nevertheless,
the calculated Cohen’s Kappa with κ = 0.848 indicates an almost perfect
agreement

The results of automated clustering for expected result descrip-
tions are quite similar to the results of manual grouping, as shown in
Figure 6.20 (b). The group GER7 contains elementary phrases of the
form “gdo sends on the lin gdo_stuckedbutton_flt_st3 = 1 = fault”. The
group GER18 groups elementary phrases describing a waiting time
and a subsequent reaction. The phrase “after 180 seconds gdo sends on
the lin gdo_stuckedbutton_flt_st3 = 1 = fault” from GER18 is clustered
together with phrases from group GER7 into cluster CER12, since 10 of
13 tokens match. This also applies to elementary phrases from groups
GER8 and GER9, which are similar to phrases from group GER7. Also
for the expected result descriptions, the calculated Cohen’s Kappa with
κ = 0.946 shows that there is an almost perfect agreement between
the result of manual grouping and that of automated clustering.

Altogether, it is noticeable in all three test case specifications that the
elementary phrases are grouped by the automated approach in a partly
finer granular way. This is due to the fact that the similarity comparison
between phrases in the automated approach is based exclusively
on a syntactic comparison. In contrast, semantic similarities were
partially taken into account for the manually performed groupings.
A variation of the parameter Eps of the DBSCAN algorithm, such
as Eps   0.333, leads to larger clusters, but also to a mixture of
elementary phrases from different groups, which are then combined
in a cluster. As a result, phrases that have less in common are also
combined. For this reason, a fine-granular result is preferred. The
evaluation shows that automated clustering provides useful results
and is comparable to manual grouping. This is particularly clear from
the sankey diagrams in Figures 6.18, 6.19, and 6.20. In addition, the
calculated values for Cohen’s Kappa are always κ ¡ 0.81 and thus,
according to Landis et al. [120], show an almost perfect agreement
of the automated clustering with the manually created groups for
all considered test case specifications. Furthermore, the advantage
of automated clustering is that the results are person-independent
and thus easier to reproduce, which is not necessarily the case with
manual grouping.
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6.3.3 Usability Study

A tool called SofTSpeC Editors was developed based on the presented
template-based approach and in cooperation with external engineer-
ing partners. These textual editors provide system-specific Testing
DSLs for the specification of actions and expected results of a test
case. In addition, the editing of associated system-specific dictionaries
is enabled (cf. Section 6.1.2.3). The tool is explained in more detail
in Chapter 7. Regarding the applicability of the template-based ap-
proach by means of a system-specific Testing DSL, a usability study
was conducted using this tool. The aim of the usability study is toWhy conduct a

Usability Study? identify usability problems for the developed tool. Furthermore, the
study examines the handling of an Automotive Testing DSL to obtain
feedback from practitioners and to investigate whether test designers
would like to use this template-based approach to specify test cases.

study design Figure 6.21 shows the general process of the usabil-
ity study. First, a heuristic expert evaluation was performed by an
independent evaluator to identify initial usability problems and thus
remove obvious errors from the tool before the actual evaluation.

Usability Evaluation

Heuristic Expert Evaluation

Questionnaires
NASA raw TLX (RTLX) Questionnaire

System Usability Scale (SUS) Questionnaire

Free Text Questions

Think-Aloud Observation
Screen and Audio Recording

Field Notes

Introduction to the First Task Set (Video Tutorial)
First Task Set (T1 – T4)

Questionnaires
NASA raw TLX (RTLX) Questionnaire

System Usability Scale (SUS) Questionnaire

Free Text Questions

Think-Aloud Observation
Screen and Audio Recording

Field Notes

Introduction to the Second Task Set (Video Tutorial)
Second Task Set (T5)

Final Questionnaire

Figure 6.21: Usability study design

In the subsequent usability evaluation, a think aloud observationInstruments for the
Usability Study was carried out, meaning that the participants had to think out loud

while working on a task [40]. The think aloud observation was supple-
mented by questionnaires at the end of each task set. The question-
naires included the standardized questionnaires NASA Raw Task Load
Index (NASA RTLX)6 [74, 75] and System Usability Scale (SUS) [19]

6 The NASA RTLX is an established alternative to NASA Task Load Index (NASA TLX),
whereby no weightings are applied to the individual sub scales: (1) mental demand, (2)
physical demand, (3) temporal demand, (4) performance, (5) effort, and (6) frustration
[22, 74]. In order to calculate the overall workload score with respect to NASA RTLX,

the sub scales are simply summed: RTLX =
(°6

i=1 scalei

)
/6 [22].
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as well as general pro/contra and free text questions. At the end,
there was a final questionnaire which collected demographic data and
offered the opportunity for final comments. The questionnaires are
provided in Chapter E.2 of the appendix.

The tasks for the usability evaluation are based on a system from Study Material

the automotive domain, namely a speed regulation system. For this
system, test cases should be written using the SofTSpeC Editors. There-
fore, based on an existing automotive test case specification for the
system speed regulation, conceptual templates were developed accord-
ing to the Test Case Specification-Oriented Domain Analysis Method
presented in Section 6.1 and a corresponding Automotive Testing DSL
was defined. This DSL was provided by means of the SofTSpeC Ed-
itors, so that the participants were able to complete the tasks using
the conceptual templates. Tasks T1 – T4 included the writing and
refactoring of test cases. Task T5 addressed the adjustment of variable
parts of the templates, which were stored in a dictionary. These tasks
are also provided in Chapter E.1 of the appendix.

data collection A total of four students and eight practition- Participation of four
Students in a Pilot
Study and eight
Practitioners

ers from the automotive industry were selected. Table 6.11 shows
the characteristics of the study participants and the tasks they have
completed. The students took part in the pilot study, after which the
task material was optimized. One study session lasted 90 minutes. All
pilot participants (P01 – P04) completed the tasks within the given
time. Nevertheless, not all participants from industry (P05 – P12) have
completed the tasks, so that this must be taken into account in the
evaluation of the results.

Table 6.11: Overview of the usability study participants

ID Hold a Interested Testing Completed Tasksb

driving license in Cars Experiencesa T1 T2 T3 T4 T5

Pi
lo

t

P01 yes no 0 X X X X X

P02 yes no 0 X X X X X

P03 yes no 0 X X X X X

P04 yes yes 0 X X X X X

Pr
ac

ti
ti

on
er

s

P05 yes yes 5 X X X X X

P06 yes yes 4 X X X X

P07 yes yes 10 X X

P08 yes yes 20 X X X

P09 yes yes 0 X X X

P10 yes yes 1 X X X

P11 yes yes 2 X X X

P12 yes yes 20 X X X

a Number of test case specifications to which the participant has contributed.
b The Xindicates which task has been completed by the participants.
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results The results presented below refer exclusively to practi-
tioners from automotive industry (N = 8, P05 – P12, cf. Table 6.11).
The first task set (T1 to T4) was processed by all participants so that
nT1�T4 = 8. Due to time restrictions not all participants completed
all tasks of the first task set (cf. Table 6.11). However, at least the first
two tasks were completed by all participants, so that the participants
were able to gain an impression of the template-based approach and
were therefore able to give an assessment. The second task set (T5)
was completed by only six out of eight participants so that nT5 = 6.

The measured SUS score for T1 – T4 is Mdn = 71.3 (Min = 55.0,
Q1 = 64.4, Q3 = 80.6, Max = 90.0). This corresponds to a good us-Good Usability

Rating of the
SofTSpeC Editors

ability according to the adjective rating scale by Bangor et al. [6]. As
shown in Figure 6.22 for T5, the measured SUS score of Mdn = 68.8
(Min = 47.5, Q1 = 57.5, Q3 = 76.3, Max = 82.5) is lower as for T1 – T4

and corresponds to an ok rating. It can be assumed that the lower us-
ability rating of T5 is for example due to the dictionary DSL, which
was given to the participants and was completely unknown to them.
With increasing use of the dictionary, a learning effect may occur,
which could have a positive effect on usability.

25

50

T1-T4
0

T5

100

75

SU
S 

Sc
or

e

Figure 6.22: Usability assessment
(SUS Scores)

25

50

T1-T4
0

T5

100

75

N
A

SA
 R

aw
 T

LX
 S

co
re

Figure 6.23: Perceived workload
(NASA RTLX Scores)

The overall workload score for T1 – T4 is Mdn = 32.9 (Min = 12.5,
Q1 = 14.6, Q3 = 39.6, Max = 75.0). Again, the overall workload score
for T5 Mdn = 36.3 (Min = 5.8, Q1 = 21.9, Q3 = 40.6, Max = 42.5) is
slightly above T1 – T4 (cf. Figure 6.23). In addition, Figure 6.24 shows
the composition of the workload score.

Unlike the adjective rating scale by Banger et al. [6] regarding theInterpretation of the
NASA RTLX

Overall Workload
Score

SUS score, there are no clear guidelines for interpreting the overall
workload score. Therefore, the study by Grier [70] is used, in which
several publications were examined, so that practitioners can deter-
mine how usual a calculated workload score is for a particular task
type. The overall workload score for T1 – T4 reaches with 32.9 a per-
centile of 10% for all tasks and for T5 with an overall workload score



6.3 evaluation 221

0

25

50

100

75

Mental Demand Physical Demand Temporal Demand Performance Effort Frustration

R
at

in
g

T1-T4 T5

Figure 6.24: Perceived workload subdivided by the individual sub scales

of 36.3 a percentile of 20%. Thus 90% respectively 80% of the studies
examined by Grier [70] reported higher workload scores. With regard
to the task type cognitive tasks7, both of the determined overall work-
load scores fall into the lower 20% percentile, which means that 80%
of the studies reported higher values. With regard to the task type Measured Workload

Scores Indicate a
Low Subjective
Perceived Load

computer activities8, both values are still to be classified in the lower
50% of the reported values. Hence, it can be assumed that the overall
workload scores indicate a low subjectively perceived load.

In addition, the participants were asked whether the SofTSpeC Edi- Participants Felt
Supported by the
SofTSpeC Editors

tors had supported them in completing the tasks. Five of them agreed
(62.5%) and three agreed strongly (37.5%), i.e., none of the participants
disagreed (0%). All participants would prefer the SofTSpeC Editors
(100%) instead of using IBM DOORS. The free text answers also con-
firmed the experience gained from the interviews that test designers
want more uniform test cases:

Comments from the Participants:
“Always the same phrasing.”
“You’re forced to formulate test cases in a unified language.”
“The editor concept is good! From my own experience, test cases are often too dif-
ferent in structure and the terms used due to their creation by different authors.”

“Can be used independently even with minimal programming experience.”

“Auto-completion and error detection.”

In summary, the results show that the template-based approach by
means of an Automotive Testing DSL is usable under a low subjectively
perceived load. In addition, the demands of practitioners are addressed
so that the approach has potential to support the creation of test cases.

7 Cognitive tasks include tasks that require mental action, e.g., computer programming,
proof-reading, etc.. For this task, the cumulative frequency distribution of NASA TLX
is: Min = 13.08, Q1 = 38.00, Q2 = 46.00, Q3 = 54.66, Max = 64.90 [70].

8 Computer activities refer to tasks that are performed using a computer, e.g., reading
e-mails, entering data, etc.. For this task, the cumulative frequency distribution of
NASA TLX is: Min = 7.46, Q1 = 20.99, Q2 = 54.00, Q3 = 60.00, Max = 78.00 [70].
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6.3.4 Experimental Study

As shown in the previous section, templates are applicable by means
of system-specific Testing DSLs to specify test cases for a specific
system. However, so far there is no empirical evidence that such test
cases actually contain fewer problems than natural language test cases.
Moreover, there is no evidence that test designers feel more certain
when they create test cases using system-specific templates and that
their self-assessment of the assumed test case quality is higher.

Therefore, a controlled experiment was conducted that examines
the advantages of the template-based approach by means of system-
specific Testing DSLs compared to the natural language approach in
terms of the quality of test case specifications from a practitioner’s
point of view and in terms of actual problems contained in the test
cases. This section describes the research questions, study design,
hypotheses to be tested, experimental material, data collection, anal-
ysis procedure, and threats to validity of the conducted controlled
experiment. Afterwards, the results of the experiment are presented.

6.3.4.1 Research Questions

The aim of this experiment is to determine whether the template-based
specification of test cases using a system-specific Testing DSL differs
from natural language specification. In order to investigate the effects
of using system-specific Testing DSLs, the experiment is based on two
aspects: (1) evaluation of the test cases according to defined quality
criteria (reviewer perspective) and (2) self-assessment of the created
test cases by the participants (test designer perspective). In addition
to the objective analysis of the test cases in (1), aspect (2) seems to
be particularly important, since a higher acceptance of the template-
based approach also facilitates the introduction into industrial practice.
These two aspects correspond to the following two research questions:

RQ3.2: What influence does the use of system-specific Testing DSLs have
on the number of problems in test cases compared to the natural language
approach?

This research question concerns the result of the problems contained
in the specified test cases depending on the approach used.

RQ3.3: What influence does the use of system-specific Testing DSLs have
on the evaluation of test cases by test designers compared to the natural
language approach?

This research question concerns on the one hand the self-assessment
of the created test cases. On the other hand, the evaluation of the
template-based approach by means of system-specific Testing DSLs for
creating test cases is considered regarding the factors fun, quality, time,
and usability. The aim is to gain insights into whether the template-
based approach is applicable and whether test designers believe that
this is beneficial.
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6.3.4.2 Study Design

Basically, participants should describe test cases using natural lan-
guage (first phase) and using a system-specific Testing DSL (sec-
ond phase). Finally, they should evaluate the approach of system-
specific Testing DSLs and compare it with the natural language
approach. Figure 6.25 shows the two phases of the controlled ex-
periment, the distribution of the participants to the respective treat-
ments, and the comparative measurement. The study design is based
on a 2 (treatment) � 2 (system) mixed design [50] with a repeated 2� 2 Mixed Design

measurement on the first factor.
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Figure 6.25: Experimental setup

In the first phase, the experimental group EGA processes System 1
and EGB processes System 2. Both groups are assigned to the first treat-
ment natural language (NL) for creating test cases. In the second phase,
the systems are switched and both groups are assigned to the second
treatment system-specific Testing DSL (DSL) to create test cases.

According to this, two independent variables are considered with Independent
Variablesthe following values:

• Treatment: participants have to create and document test cases
by using the natural language (NL) approach or a system-specific
Testing DSL (DSL)

• System: the system for which test cases have to be created and
documented, namely a microwave (MW) or a fully automated
coffee machine (CM)

For two main reasons, it was deliberately decided not to use auto- Why Were No
Automotive-Specific
Systems Used?

motive-specific systems:
(1) Automotive systems could have been taken, but it is challeng-

ing to recruit enough automotive experts who have the necessary Recruitment of
Automotive Experts
Is Difficult

expertise for a certain system to achieve statistical significance. During
the development cycle of a vehicle (usually 3 – 4 years + model up-
date) often only two to three people work intensively on the creation
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and documentation of test cases for a specific system. Therefore, the
involvement of other automotive experts is difficult as they do not
know enough about the system. So there would not have been enough
people to carry out an experiment. Therefore students are used as
experimental subjects.

(2) Taking into account the students, an automotive-specific systemConstruction of
Tasks That Can Be

Completed by the
Participants in the

Given Time

would have been too complex or too far away from their field of
expertise. Under certain circumstances, this would have led to an
increased expenditure of time in order to understand the tasks or
even falsify the results. Hence, it seems appropriate that it is easier for
participants to understand how such every day devices work and to
focus more on the task.

After the completion of both study phases, the documented testQuality Criteria for
Analyzing Test

Cases
cases were analyzed based on defined quality criteria. These criteria
are listed in Table 6.12 and were derived from quality metrics pre-
sented in Section 5.1.2 and in particular from the problems in test case
descriptions mentioned by practitioners in Section 4.2.2.4 (Page 84).

Table 6.12: Quality criteria for the assessment of problems in test cases

ID Criteria Description

A1* Incomplete Test Case Complete test steps are missing or a test step does
not contain all required actions/expected results

A2* Incorrect Test Case
Structure

Actions contain precondition descriptions or actions
contain expected result descriptions and vice versa

A3* Incorrect Use of
Parameters

Parameters are not used, incorrectly named, or in-
correct parameter values are used

A4* Incorrectness Described procedure cannot be executed on the
system in this way or does not fit the respective
requirements, incorrect test data

A5 Spelling Error Violation of applicable spelling rules

A6 Typing Error Letter turner, upper/lower case errors

A7 Undefined Abbreviations Use of unknown/undefined abbreviations

A8 Incorrect Use of
Technical Terms

Technical terms are not used or do not correspond
to the specification (e.g.„ other button names used)

A9 Ambiguity Test case descriptions can be interpreted in different
ways (e.g., “microwave is active”: active could mean
ready or microwave is running)

A10 Inaccuracy Shortcomings in test case descriptions: missing time
information for keystrokes, too general descriptions
(e.g.„ “operate” rotary button instead of “press” or
“rotate”), or missing action words (e.g.„ “start button”
instead of “press start button”)

A11 Inconsistency Use of different terms to describe identical issues
(e.g.„ “display” vs. “display field” vs. “screen” or “key”
vs. “button”)

Criteria which were examined in the experiment are marked with *.
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The criteria A5 to A11 in Table 6.12 are already excluded by the use
of a system-specific Testing DSL per construction, e.g., inconsistency,
incorrect use of technical terms, or inaccuracy. Furthermore, criteria
such as spelling and typing errors are also excluded due to the tool
used in the experiment to provide the Testing DSLs.

Hence, the dependent variables used to answer RQ3.2 are a subset Dependent Variables
Related to RQ3.2of the defined quality criteria in Table 6.12:

• Incompleteness (A1): number of problems regarding incomplete
test cases (e.g.„ missing description of actions or expected results,
incomplete test steps)

• Structure (A2): number of problems regarding incorrect test
case structure (e.g.„ action descriptions do not contain actual
instructions)

• Parameter (A3): number of problems regarding incorrect use of
parameters (e.g.„ omission of parameters)

• Incorrectness (A4): number of problems regarding incorrect
description of test procedure (e.g.„ test step descriptions do not
correspond to requirements, template used correctly but not at
the right place in the test sequence)

Furthermore, participants had to answer a questionnaire after each
study phase (cf. Measurement in Figure 6.25) and a final questionnaire
(cf. Comparative Measurement in Figure 6.25) after the second study
phase9. Based on this, the dependent variables used to answer RQ3.3 Dependent Variables

Related to RQ3.3are defined as follows:

• Certainty (C1): degree to which participants feel certain when
creating test cases, measured using five Likert-type response
categories from (1) very uncertain to (5) very certain.

• Consistency (C2): degree to which participants assess the speci-
fied test cases as consistent, measured using five Likert-type re-
sponse categories from (1) very inconsistent to (5) very consistent.

• Completeness (C3): degree to which participants assess the
documented test cases as complete, measured using five Likert-
type response categories from (1) very incomplete to (5) very
complete.

• Comprehensibility (C4): degree to which participants assess the
documented test cases as comprehensible, measured using five
Likert-type response categories from (1) very incomprehensible
to (5) very well comprehensible.

9 The questionnaires used in the experiment are provided in Chapter F of the appendix.
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Due to the repeated measurement design (regarding the factorCarry Over Effects
to Be Considered in

the Study Design
treatment, cf. Figure 6.25) different carry over effects are possible.

A practice effect can occur between the first and second phase with
regard to the tasks assigned. Therefore, in the second phase of the
study design, the experimental material respectively the system for
which test cases should be created is exchanged. This prevents a par-
ticipant from specifying the same test case again when using a Testing
DSL. Moreover, the participants were randomly assigned to one of
two experimental groups (EGA or EGB), which received either tasks
for system CM or system MW in the first study phase (cf. Figure 6.25).
Through this study design it is possible to investigate whether the
effect of the treatment is independent of the underlying system or the
respective system-specific Testing DSL. In addition, there is a possible
influence on the participants regarding the order of treatments. If test
cases were already created in the first study phase using a system-
specific Testing DSL, this could influence the subsequent specification
of the test cases in natural language with regard to the vocabulary
used or the structure of the test case. In order to get a clear picture
of the natural language based approach of creating test cases, the
treatment DSL is always used in the second phase of the study.

Furthermore, in order to avoid the fatigue effect, the time for specify-
ing the test cases was limited to 45 minutes in both phases.

6.3.4.3 Hypotheses

Based on the previously described study design and the defined
dependent variables, this section lists the hypotheses used to answer
the research questions RQ3.2 and RQ3.3.

For each hypothesis Hz (z is a successive numbering of the hypothe-
ses), the null hypothesis H0z and the alternative hypothesis H1z areNull Hypothesis

(H0) and Alternative
Hypothesis (H1)

formulated. Ideally, the null hypothesis can be rejected if p   0.05 ap-
plies. Basically, the hypotheses are based on a mean value comparison
(Mean) or the comparison of the median values (Mdn), e.g.„ the value
of the mean for A is greater than that of B: Mean(A) ¡ Mean(B).
For the calculation of the median Mdn, the treatment (NL or DSL)
and experimental subjects (n1 to n4, see Figure 6.25) to which the
calculation refers are indicated like this:

Mdnn1Yn3
NL (A). (6.6)

In the following, the hypotheses are presented grouped according
to the research questions.

hypotheses for answering rq3 .2 In order to answer RQ3.2,
it is necessary to compare the number of detected problems between
the natural language test cases and the test cases created using a
system-specific Testing DSL for each system.
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Since positive effects regarding template-based approaches from Why Are Directional
Hypotheses
Formulated?

requirements engineering are already known [85, 112, 127, 144], a
substantiated interdependency can be assumed, which is why the
hypotheses H1 to H4 are directional hypotheses. Since the number of
problems is a continuous variable, the mean as measure of central
tendency is calculated. The quality criteria described in Table 6.12 are Selection of Problems

to Be Consideredused to determine the number of problems for each system. Since
problems such as spelling errors, typing errors or inconsistencies are
avoided per construction by using a system-specific Testing DSL, only
the problems incompleteness, structure, parameters and incorrectness
are examined. Since the test cases of the systems MW and CM differ
in content, only test cases of the respective system are compared.
Therefore, the following hypotheses H1 to H5 have to be tested for
each system:

H1 to H4: Test cases specified in natural language contain more
problems regarding incompleteness (A1), structural aspects (A2), the
use of parameters (A3), and incorrectness (A4) than test cases specified
using a system-specific Testing DSL, i.e., the following null H0i and
alternative hypotheses H1i are formulated with i P t1, ..., 4u for the
dependent variables A1 to A4:

H0i : MeanNL(Ai) ¤ MeanDSL(Ai)

H1i : MeanNL(Ai) ¡ MeanDSL(Ai).
(6.7)

H5: The total number of problems (regarding all criteria) is for test
cases specified by using a system-specific Testing DSL lower than for
test cases specified using natural language, i.e.,

H05 : MeanNL(Problems) ¤ MeanDSL(Problems)

H15 : MeanNL(Problems) ¡ MeanDSL(Problems).
(6.8)

hypotheses for answering rq3 .3 Based on the following
hypotheses H6 to H14, an answer to RQ3.3 can be provided. Similar to
hypotheses H1 to H5, the hypotheses are formulated in a directed way.
As measure of central tendency the median is calculated because the
underlying data are ordinal scaled.

H6: When test case creation is performed using a system-specific
Testing DSL, test designers feel more certain (C1) than when creating
test cases in natural language.

H7 to H9: When test case creation is performed using a system-
specific Testing DSL, test designers assess the consistency (C2), com-
pleteness (C3), and comprehensibility (C4) of the described test cases
better than when test cases were created using natural language.

H10: The fun factor (C5) is rated higher when using a system-specific
Testing DSL than when test cases are created using natural language.

It can be assumed that this may be an indication that test designers
may be more willing to apply this approach. Thus, the rated fun factor
should be higher for system-specific Testing DSLs.
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For H6 to H10 the following null and alternative hypotheses are
formulated with j P t6, ..., 10u for dependent variables C1 to C5:

H0j : Mdnn1Yn3
NL (Cj�5) ¥ Mdnn2Yn4

DSL (Cj�5)

H1j : Mdnn1Yn3
NL (Cj�5)   Mdnn2Yn4

DSL (Cj�5).
(6.9)

It might be possible that participants assessed themselves too op-
timistically after the first study phase. Therefore, participants had to
additionally provide a comparative assessment of both phases with
regard to the dependent variables C1 to C4 after the second study
phase. That is why five Likert-type response categories were used,
such as (1) significantly more uncertain to (5) significantly more certain
(cf. Questionnaire in Chapter F).

In order to ensure that the respective system had no influence on
the evaluation of the system-specific Testing DSL approach and that
an effect can actually be attributed to the treatment, the following null
hypothesis has to be tested additionally for H6 to H10:

H0System: There is no association between the respective system (CM
and MW) and the assessment of certainty, consistency, completeness,
and comprehensibility.

H11: Test designers believe that they will create higher quality test
cases (C6) by using a system-specific Testing DSL.

It can be assumed that participants feel better supported by system-
specific Testing DSL and get the impression to write better test cases.
This self-assessment is considered to be important because it can be an
indicator of whether test designers would actually use this approach
because they see benefits in it, for example a better test case quality.

H12: Test designers believe that they will create test cases (C7) faster
by using a system-specific Testing DSL.

In addition to H12, it can be assumed that the training period re-
quired for the respective system-specific Testing DSL has a negative
influence on the measured total time for creating the test cases. Similar
to other formal approaches, it is suspected that time savings only
occur when system-specific Testing DSLs are used for a longer period
of time, but this cannot be simulated in this experiment.

H13: It takes more time to create test cases by using a system-specific
Testing DSL than documenting test cases in natural language, i.e.,

H013 : Mean(time(NL)) ¥ Mean(time(DSL))

H113 : Mean(time(NL))   Mean(time(DSL)).
(6.10)

According to Ibrahim et al. [85] it can be assumed that novice
test designers in particular consider the system-specific Testing DSL
approach to be helpful and therefore also rate the usability as good.
Similar to H10 and H11, a good usability is an important indicator that
test designers tend to actually use this approach for test case creation.

H14: The usability (C8) of the template-based approach by means of
system-specific Testing DSLs is at least rated as good.
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6.3.4.4 Experimental Material

The experimental material10 includes the specification of two different
systems (MW and CM) to avoid that participants specify the same test
case again in the second study phase (cf. Section 6.3.4.2).

For each system, seven tasks were specified consisting of a test Seven Tasks for Each
Systempurpose description and associated requirements. Based on this, the

participants were able to create logical test cases, as it is common
practice in industry. Requirement-based testing [90] is a common test
design technique in the automotive domain used in system or vehicle
integration testing for the systematic functional testing of embedded
software [18, 60, 89, 161]. Therefore, this approach is considered to be
appropriate for creating test cases in the context of the experiment.

As shown in Figure 6.26, test purpose descriptions contain the name
of a test case, a description of what behavior the test case should
test, and the associated requirements. In addition, an overview of the
control elements, the outputs on the display and the parameters to be
used for the test cases were provided for each system.

The CM is to be switched on and checked whether the rinsing program is activated 
automatically. Then wait for the rinsing program to run through.

The prerequisite is that the CM is switched off, the water tank contains sufficient water and the 
drip tray is empty. The CM was last used with the setting "SMALL COFFEE".

TC -CM -001 Switch on CM (Basic Flow)

Requirements Req–CM–003, Req–CM–004, Req–CM–008, Req–CM–002

Figure 6.26: Example of a test purpose description

For the second study phase, a system-specific Testing DSL is re- Two system-specific
Testing DSLs for the
Experiment

quired for each system (CM and MW). Therefore, system-specific
conceptual templates were derived according to the approach de-
scribed in Section 6.1 and based on descriptions in user manuals of
the respective systems. The user manuals were used as basis because
no real test case specifications were available for the corresponding
systems. However, the procedures described in the user manuals are
very similar to those described in costumer experience test cases.
Figure 6.27 shows an example of templates (left column) and their
application by replacing the placeholders (<>) with concrete values
(right column) for the system CM (see also Section F.3 of the appendix
for more examples).

Actions:

Expected Results:
Press button <ButtonName> Press button “START”

Display shows setting <MessageName> Display shows setting “SMALL COFFEE”

Figure 6.27: Example for the application of the CM Testing DSL

10 The experimental material used in the experiment is attached in Chapter F of the
appendix.



230 template-based approach for creating test cases

For the systems CM and MW two system-specific Testing DSLs were
implemented and provided using the SofTSpeC Editors. This tool is
described in more detail in Chapter 7.

In summary, the following instrumentation was provided to the
participants:

1. Presentation slides and two videos containing instructions for
the first and second study phases.

2. Task material for both systems containing an overview sheet for
the corresponding system and a sheet of paper for each task
with a test purpose description and the associated requirements
(cf. Figure 6.26).

3. Additional task material for the second study phase with in-
formation about the respective system-specific Testing DSL in
the form of templates and application examples to describe
preconditions, actions and expected results (cf. Figure 6.27).

4. A preliminary, intermediate, and final questionnaire (in pen
and paper form, cf. Chapters F) to collect information about the
participants, their self-assessments regarding the quality of the
documented test cases (C1 – C4), and their evaluation of the
system-specific Testing DSL concept (C5 – C8).

6.3.4.5 Data Collection

participants To evaluate the approach of using system-specific20 Students
Participated in the

Controlled
Experiment

Testing DSLs for creating test cases, the empirical study relies on
students as study participants. For this purpose 20 students were
recruited who had already acquired some programming skills (see
Table 6.13) or who are enrolled in a course of study that include
knowledge about the software development process, e.g., computer
science (7), media informatics (5), software engineering (3), mathe-
matics (2), others (3). The majority of participants are postgraduate
students: Bachelor: 25% (5), Master: 55% (11), Diploma: 5% (1), Ph. D.
Students: 15% (3). In addition, as Table 6.13 shows, 80% of the partici-
pants have already attended courses that focus on test activities and
70% have written test cases themselves.

experiment execution The experiment was conducted in 20Random Assignment
of Participants to

Experimental
Groups

EGA and EGB

individual experimental sessions. First, the respective systems for the
first and second study phase were alternately assigned to the sessions
and then a list of time slots were provided to the participants in which
they could select the time at which they would participate in the
experiment. The list did not contain any information about the system
to be processed in the first phase. Thus, the assignment of which
system was first processed can be considered random.
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Table 6.13: Overview of the experiment participants

Sample Programming Testing Already Written Relevant Courses

Size Expertisea Expertiseb Test Cases Attended

EGA nA = 10 Mdn = 3.5 Mdn = 1.5 70% (7/10) 80% (8/10)

EGB nB = 10 Mdn = 3.5 Mdn = 1.0 70% (7/10) 80% (8/10)

Total N = 20 Mdn = 3.5 Mdn = 1.0 70% (14/20) 80% (16/20)

N: Total Sample Size and n: Sample Size, Mdn: Median
a (1) Beginner, (2) Advanced Beginner, (3) Competent Programmer,

(4) Experienced Programmer, (5) Programming Expert
b (1) Beginner, (2) Advanced Beginner, (3) Competent Tester, (4) Experienced Tester,

(5) Test Expert

Each experimental session followed a protocol as follows:

1. Introduction: At the beginning of an experimental session, each
participant received information about the procedure of the con-
trolled experiment, a declaration of consent, and the preliminary
questionnaire where the participant was asked about her/his
previous experiences.

2. First Study Phase: The participant was then shown a video with
instructions for the first study phase. Afterwards the participant
got the first task. Then she/he had the opportunity to clarify any
ambiguities. When the participant was ready, the recording of the
screen content and the processing time of 45 min started. The test
cases were entered by the participant into NESSIE, which is a test
case documentation tool used at Daimler (see Section 7.1.2). This
tool provides simple rich text editors for capturing preconditions,
actions, and expected results. The time required to complete a
test case was measured. After all tasks had been completed or
the processing time of 45 minutes had expired, the participant
had to answer the intermediate questionnaire at the end of the
first study phase. The documented test cases were stored.

3. Second Study Phase: For the second study phase, the participant
was again shown a video with instructions. In addition to the
tasks, the participant also got an overview with examples of the
respective system-specific Testing DSL. Then she/he again had
45 minutes to complete the tasks. The test cases were entered
into the same tool (NESSIE), but with the SofTSpeC Editors as
an extension. Instead of the rich text editors, specific editors were
available providing support for the respective system-specific
Testing DSL. At the end of the second study phase, the par-
ticipant had to answer a final questionnaire. The documented
test cases were stored.

It should be noted that the participants could complete as many
tasks as they wanted, but had a time limit of 45 minutes for each
study phase.
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6.3.4.6 Analysis Procedure

To test the hypotheses presented in Section 6.3.4.3, it is necessary to
apply various statistical tests, descriptive statistics or standardized
measurement methods (e.g., SUS questionnaire), which are described
in this subsection.

statistical tests for H1 to H5 After all experimental ses-
sions were completed, the documented test cases were examined forAnalysis of the Test

Cases problems in order to answer RQ3.2. For this purpose, the quality of
the test cases were independently assessed by two researchers one
after the other according to the defined quality criteria as shown in
Table 6.12. If a test step contained a problem, this was assigned to a
criterion and counted. First, the researchers independently reviewed
the documented test cases and noted their findings. The findings were
then presented to each other and, if there were differences in the
assessments, they were discussed and a final assessment was decided
together. A total of 130 test cases were reviewed. Based on this, the
values of the dependent variables (A1 – A4) as well as the total number
of problems were determined and the following analysis procedures
were performed:

First, the data (number of problems of A1 to A4) were tested forTest for Normal
Distribution:

Shapiro-Wilk-Test
normal distribution using the Shapiro-Wilk-Test11 [156]. The null
hypothesis H0 had to be reject in all cases, which means that the data
are not normally distributed.

Second, due to the study design (cf. Figure 6.25), none of the ex-Non-parametric Test
for Independent

Samples:
Mann-Whitney-Test

perimental subjects described one and the same test case with both
treatments. Thus, two independent samples are compared (n1 vs. n2

and n3 vs. n4). Based on the tested assumptions, the non-parametric
Mann-Whitney-Test [125] (with significance level α = 0.05) is used.
Additionally, the non-parametric effect size r [50] is calculated as
follows: r = Z?

N
. For the interpretation of the effect size, please refer

to Cohen [27] (small: r = 0.10, medium: r = 0.30, large: r = 0.50).
Since an interdependency is suspected and therefore directional hy-

potheses are tested, one-tailed tests (halving the p-value) are performed.
In order to make the results comparable, only the first two test cases

of the respective system are included for the statistical hypothesis tests,
because these test cases were completely processed by all participants.
This means that the sample size remains stable with n = 10.

(statistical) tests for H6 to H14 Regarding RQ3.3, the ques-
tionnaires are evaluated and the dependent variables C1 to C4 are
determined. Subsequently, the following analysis procedures are per-
formed.

11 The Shapiro-Wilk-Test is suitable for testing smaller samples (n   50). The null
hypothesis H0 states that the data are normally distributed (α = 0.05).
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For performing statistical hypothesis tests for H6 to H10, the data Test for Normal
Distribution:
Shapiro-Wilk-Test

were also initially tested for normal distribution with the Shapiro-
Wilk-Test [156]. For all dependent variables (C1 to C5) the null hy-
pothesis H0 had to be rejected, which means that the data is not
normally distributed. Furthermore, a participant gives an assessment Non-parametric Test

for Dependent
Samples: Wilcoxon-
Signed-Rank-Test

after the first and the second study phase, which means that two depen-
dent samples are compared. Therefore, the non-parametric Wilcoxon-
Signed-Rank-Test [185] (with significance level α = 0.05) is used and,
as before, the non-parametric effect size r. Based on the directional
hypotheses, one-tailed tests are also performed.

In addition, it is examined that the respective system had no influ-
ence on the participants’ assessments. For this purpose the Fisher-
Freeman-Halton-Test [56] is used, which is an extension of Fisher’s
Exact Test [51] for contingency tables greater than 2� 2. This is neces-
sary because the dependent variables each have five values, resulting
in a 2� 5 contingency table.

Regarding H11 and H12, descriptive statistics are used and some Descriptive Statistics

qualitative data from the free text answers of the final questionnaire
are presented.

For testing H13, the Mann-Whitney-Test [125] is used because the
data are not normally distributed. In addition, it is a comparison of
independent samples due to the system-specific comparison of the
time actually required (n1 vs. n2 and n3 vs. n4, cf. Figure 6.25).

Moreover, the System Usability Scale (SUS) [19] questionnaire is System Usability
Scale (SUS)used for assessing usability of the template-based approach (H14).

6.3.4.7 Threats to Validity

Despite careful study design, threats to validity [188] cannot be com-
pletely excluded, which is why they are considered below.

construct validity Threats of construct validity relate to the
experimental material and the instrumentation. In order to avoid Special Attention to

the Preparation of
the Experimental
Material

that the experiment differs too much from a real-world scenario, the
following points have been considered during the preparation of
the experimental material: (1) Real existing systems were selected.
(2) The definition of the test purposes and the construction of the
system-specific Testing DSLs were strongly based on the underlying
user manuals. This ensured, for example, that real technical terms
were used. (3) The system descriptions have been enriched with signal
names, so that the test cases to be described are very similar to those
from the automotive domain.

In addition, two systems were chosen for the experiment to prove Selection of different
(but similar) Systems
for which Test Cases
should be written

that an effect of the treatment is not limited to a specific system.
However, the effect of a system-specific Testing DSL on other systems
should be investigated in order to increase external validity.
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Furthermore, a bias in the identification of problems was treatedTest Case Analysis
Based on Defined

Criteria
by performing the test case analysis based on defined criteria (cf.
Table 6.12) by two independent researchers. In addition, the test cases
created using a Testing DSL were compared with sample test cases.

By conducting a pilot study with three participants, it was possiblePilot Study

to eliminate ambiguities, incomprehensibilities and inconsistencies in
the experimental material.

internal validity Threats to internal validity relate to influ-
ences on the independent variables or on the participants. In order to
increase internal validity, the experimental sessions were conductedProtocol-based

Conduct of
Experimental

Sessions

according to a protocol so that the process and information given
to the participants were always the same. For this purpose, the in-
structions of the different study phases were presented to the par-Presentation of

Instructions by
Video

ticipants as a video. Since the sessions were individual, it could be
ensured that the experimental subjects actually followed the guidelines.
Due to this standardized procedure it was tried to avoid influences
by the experimenter.

A possible influence of the treatment by the respective system was
examined by means of the Fisher’s Exact Test so that this threat
could be excluded. Furthermore, the effect of the treatment can be
determined by the fact that both groups EGA and EGB act as control
groups in the first study phase.

A possible bias may also occur due to the difference of the two
constructed cases (systems). It can be assumed that the complexity
of the systems CM and MW is similar. For example due to similar
controls, parameters and the amount of requirements. In addition, the
requirements were specified based on the templates according to Pohl
& Rupp [144] and did not show any abnormalities when verified with
a requirements analysis tool used industrially at Daimler. The com-
plexity of the provided Testing DSLs can also be regarded as similar.

Furthermore, efforts have been made to mitigate the threat that
experimental subjects may react differently over time due to learning
effects or fatigue effects by arranging the treatments and limiting the
time of the experiments.

external validity The selection of students for the experimentSelection of
Participants as a

Threat
may pose a potential threat to external validity, as they may not be
representative of the automotive test designer population. It was tried
to mitigate this threat by selecting a majority of students (14 out
of 20) who also worked as working students for a German OEM. Thus
they had insights into the automotive software development process.
Moreover, the participants have expertise in programming and testing
related to the experiment. This is particularly evident from Table 6.13

and from the fact that the participants attended courses in the relevant
areas. Therefore, it seems that these students can be used as substitutes
for real experts in a preliminary evaluation [147].
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A disadvantage of student selection that should not be neglected
is that it leads to a more homogeneous group of study participants,
which influences external validity. However, this can improve internal
validity as it leads to more similar conditions and makes the results
more reliable. Furthermore, care was taken to make the experimental
environment as realistic as possible by using a test case editor from the
industrial environment and formulating the experimental material to
align with test case specifications that contain customer experience test
cases from the automotive domain. However, it is advisable to conduct
the experiment in a complementary manner with industry experts.

conclusion validity With regard to conclusion validity, the
assumptions for conducting statistical tests were checked. For this Verification of the

Necessary
Conditions for the
Application of
Statistical Tests

purpose, the normal distribution of the data was initially verified with
the Shapiro-Wilk-Test. Since the data were not normally distributed,
the t-Test could not be used and therefore non-parametric tests were
used. In doing so, attention was paid to the assumption of dependent
and independent samples.

In addition, only the first two test cases were included in the calcula- Avoidance of
fluctuating Sample
Sizes

tions for the statistical tests, as these were processed by all participants.
In this way, it was avoided to distort the results due to a fluctuating
sample size. Further information on the results of the test case analysis
for the other test cases is presented in Chapter G of the Appendix.

6.3.4.8 Experiment Results

In this section the results of the experiment are presented. Research
questions RQ3.2 and RQ3.3 will be answered based on the analysis
of the documented test cases and the collected data from the ques-
tionnaires. For this the hypotheses formulated in Section 6.3.4.3 were
tested by using the analysis procedures described in Section 6.3.4.6.

results of the test case analysis (rq3 .2) Table 6.14 contains
the results of the statistical tests concerning H1 to H4 using the Mann-
Whitney-Test. Therefore, the number of problems were compared for
the quality criteria incompleteness (A1), structure (A2), parameter (A3),
and incorrectness (A4). Only the problems identified in the first two
test cases for the systems MW and CM are included in the evaluation
(see Chapter G for complete analysis results). This is due to the fact
that these test cases were completely processed by all participants for
both systems and thus n = 10 is the same for all statistical tests.

As can be seen from Table 6.14, for almost all criteria (H1 to H4), a Results of Testing
Hypotheses
H1 to H5

statistical difference in the number of problems is evident (p   0.05).
An exception is the test result for system CM and the quality criteria
incompleteness (H1). This may be due to the small difference in the
number of problems, MNL = 1.00 and MDSL = 0.90. The reason for
this can be a good quality of the underlying requirements for the



236 template-based approach for creating test cases

Table 6.14: Test results from Mann-Whitney-Test to answer RQ3.2

System Treatment n M Std U Z pa rb

H1

MW
NL 10 4.90 2.685

16.00 -2.603 0.004* -0.58
DSL 10 1.80 1.751

CM
NL 10 1.00 0.816

44.50 -0.441 0.384 –
DSL 10 0.90 0.994

H2

MW
NL 10 1.60 2.319

25.00 -2.485 0.017* -0.56
DSL 10 0.00 0.000

CM
NL 10 3.90 2.283

0.000 -4.049 <0.001* -0.91
DSL 10 0.00 0.000

H3

MW
NL 10 3.70 0.483

13.00 -2.963 0.002* -0.66
DSL 10 1.70 1.337

CM
NL 10 4.40 1.955

15.50 -2.650 0.003* -0.59
DSL 10 1.90 1.524

H4

MW
NL 10 2.60 3.134

17.00 -2.643 0.005* -0.59
DSL 10 0.40 0.699

CM
NL 10 2.60 2.459

7.50 -3.389 <0.001* -0.76
DSL 10 0.30 0.949

n: Sample Size, M: Mean (of identified problems), Std: Standard Deviation
U: Test Statistic for Mann–Whitney-Test, Z: Z-Score, p: Significance of the Test, r: Effect Size
H1: Incomplete Test Cases (A1)
H2: Test Cases with Structural Deficiencies (A2)
H3: Test Cases with Deficiencies in the Use of Parameters (A3)
H4: Incorrect Test Cases (A4)
a Significant p-values (one-tailed) are marked with *.
b The effect sizes are negative due to the order of the compared groups, which is negligible.

system CM, so that the chances of creating incompleteness in test
cases were very low even with the natural language approach. Based
on the results, the null hypotheses H01 to H04 have to be rejected for
the system MW and H02 to H04 for the system CM. In addition, all
calculated effect strengths indicate large effects, since r ¡ 0.50.

Furthermore, there is a significant difference in the total number ofTest Cases Created
With a

System-Specific
Testing DSL Contain

Significantly Fewer
Problems

problems identified, i.e., concerning all the criteria (A1 – A11) listed
in Table 6.12 (Page 224). Test cases for the system MW contained sig-
nificantly more problems if they were created using natural language
(M = 37.30, Std = 12.62) than if they were created using a system-
specific Testing DSL (M = 3.90, Std = 3.11), U = 0.00, Z = 3.797,
p   0.001, r = 0.85. This also applies to the system CM. Test cases
contained significantly fewer problems when created using the system-
specific Testing DSL (M = 3.60, Std = 3.596) than when created us-
ing natural language (M = 28.70, Std = 9.190), U = 0.00, Z = 3.790,
p   0.001, r = 0.85. Thus, the null hypothesis H05 has to be rejected
for both systems. All in all, the obtained results allow to formulate an
answer to the research question RQ3.2 in the following.
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RQ3.2: What influence does the use of system-specific Testing DSLs
have on the number of problems in test cases compared to the natural
language approach?

Based on the statistical results, it can be assumed that the use
of system-specific Testing DSLs reduces the number of problems
or completely avoids problems. Problems that can be completely
avoided based on the construction of a system-specific Testing DSL
include inconsistency, spelling errors, type errors, incorrect use of
technical terms, undefined abbreviations, ambiguity, and inaccu-
racy. Problems regarding incomplete test cases, structural aspects
of test cases, incorrect use of parameters, and incorrectness can be
significantly reduced by using a system-specific Testing DSL.

self-assessment and evaluation of the approach (rq3 .3)
In the following, the results regarding the self-assessment of the par-
ticipants and their evaluation of the template-based approach by
means of a system-specific Testing DSL are presented. These results
indicate the acceptance of the approach and thus form the basis for
answering RQ3.3.

Table 6.15 contains the results of the statistical tests concerning Results of Testing
Hypotheses
H6 to H10

H6 (C1) to H10 (C5) using the Wilcoxon-Signed-Rank-Test [185]. In
addition, Figure 6.28 shows the comparative evaluation of criteria
C1 to C4 after the completion of the second study phase.

Table 6.15: Test results from Wilcoxon-Signed-Rank-Test to answer RQ3.3

Treatment n Mdn Min Max T Z pa r

H6
NL 20 3.00 1 4

125.00 3.038 0.001* 0.48
DSL 20 4.00 2 5

H7
NL 20 3.00 1 5

120.00 3.449 <0.001* 0.55
DSL 20 5.00 3 5

H8
NL 20 3.50 2 4

64.50 2.077 0.024* 0.33
DSL 20 4.00 3 5

H9
NL 20 4.00 2 5

93.00 2.693 0.004* 0.43
DSL 20 4.00 3 5

H10
NL 20 2.00 1 4

148.00 3.471 <0.001* 0.55
DSL 20 3.00 1 5

n: Sample Size, Mdn: Median, Min: Minimum Rating, Max: Maximum Rating
T: Test Statistic for Wilcoxon-Signed-Rank-Test, Z: Z-Score, p: Significance of the Test,
r: Effect Size
H6: Assessment of Perceived Certainty (C1)
H7: Assessed Consistency of the Test Cases (C2)
H8: Assessed Completeness of the Test Cases (C3)
H9: Assessed Comprehensibility of the Test Cases (C4)
H10: Assessed Fun Factor (C5)
a Significant p-values (one-tailed) are marked with *.
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Comprehensibility (C4)

Completeness (C3)

Consistency (C2)

Certainty (C1)

0%

0%

5%

0%

95%

75%

80%

100%

25%

0%

15%

5%

50 0 50 100100
significantly more uncertain

significantly more inconsistent
significantly more incomplete

significantly more incomprehensible

significantly more certain
significantly more consistent
significantly more complete
significantly more comprehensible

Figure 6.28: Comparative evaluation of the aspects C1 to C4 after the second
study phase

The statistical evaluation shows that the participants feel moreEvaluation of
Certainty (C1) certain when creating test cases by using a system-specific Testing

DSL (Mdn = 4.00) than when creating test cases in natural language
(Mdn = 3.00). This difference is significant (Z = 3.038, p = 0.001),
which means that the null hypothesis H06 has to be rejected. The
effect size r = 0.48 is to be interpreted as a medium effect. This result
is also reflected in the comparative assessment of the participants after
the second study phase, 75% (15) of whom felt predominantly more
certain when using a system-specific Testing DSL (see Figure 6.28).

With regard to the self-assessment of the created test cases using a
system-specific Testing DSL, the participants rated the test cases sig-
nificantly better in terms of their consistency, completeness, and com-
prehensibility than the test cases previously documented in natural
language. Thus, the assessment of consistency is significantly higherEvaluation of

Consistency (C2) (Mdn = 5.00) when describing test cases by using a system-specific
Testing DSL than using natural language (Mdn = 3.00), Z = 3.449,
p   0.001. Additionally, there is a strong effect with r = 0.55, so the
null hypothesis H07 has to be rejected. As can be seen from Figure 6.28,
the comparative assessment stands out with 100% as a consistently
more uniform description using a system-specific Testing DSL.

Also significant, but only with a medium effect size, is the differenceEvaluation of
Completeness (C3) between assessments in terms of completeness. In this case, the central

tendencies between documentation with a system-specific Testing
DSL (Mdn = 4.00) and natural language (Mdn = 3.50) differ only
marginally, Z = 2.007, p = 0.024, r = 0.33. Thus, the null hypothesis
H08 has to be rejected. As can be seen in Figure 6.28, the test cases
documented with a system-specific Testing DSL were predominantly
rated as more complete (80%) than the natural language approach.

A special case is the assessment of comprehensibility (cf. Table 6.15).Evaluation of
Comprehensibility

(C4)
Despite the same medians (Mdn = 4.00) for both approaches, the
statistical test results show a significant difference with a strong ef-
fect, Z = 2.693, p = 0.004, r = 0.43. For explanation it is referred to
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the ranks: 12 positive ranks (i.e., C4(DSL) ¡ C4(NL)), 2 negative
ranks, and 6 ties. Therefore, the null hypothesis H09 has to be rejected.
In the comparative assessment (see Figure 6.28), 95% of the partici-
pants also believed that test cases documented using a system-specific
Testing DSL are significantly more understandable than test cases in
natural language.

Examining whether there was any influence from the respective sys- Respective Systems
had no Influence on
the Independent
Variables

tem using the Fisher-Freeman-Halton-Test [56] did not produce a sig-
nificant result in all cases. The null hypothesis H0System could therefore
not be rejected for the dependent variables certainty (FI(C1) = 3.014,
p = 0.676), consistency (FI(C2) = 3.192, p = 0.596), completeness
(FI(C3) = 2.679, p = 0.404), and comprehensibility (FI(C4) = 1.018,
p = 0.884). This means that the respective system had no influence on
the assessment of the participants.

The results regarding the fun factor show a significant difference Evaluation of Fun
Factor (C5)between creating test cases using the natural language approach

(Mdn = 2.00) and with a system-specific Testing DSL (Mdn = 3.00),
Z = 3.471, p   0.001, r = 0.55. This is also emphasized by the fre-
quency distribution of the fun factor ratings shown in Figure 6.29

(first two bars). Therefore, the null hypothesis H010 has to be rejected,
meaning that the documentation of test cases with a system-specific
Testing DSL is at least partly fun. However, there is still room for
improvement.

Time Savings (C7)

Quality Improvement (C6)

Fun - DSL (C5)

Fun - NL (C5)

no fun
significantly poorer quality
do not speed up time at all

a lot of fun
significantly better quality
significantly speed up time

85%

10%

100%

45%

10%

10%

0%

50%

5%

80%

0%

5%

Figure 6.29: Assessments regarding fun factor, potential for quality improve-
ment, and time savings

After the completion of the second study phase, the participants Evaluation of the
Potential for Quality
Improvement (C6)

were asked to what extent they believe that the use of a system-
specific Testing DSL have the potential to positively influence the
quality (C6) of test cases. As shown in Figure 6.29, 100% believe that
the quality would predominantly be improved. In detail, 45% (9) of
the participants assessed this question as “rather better quality” and
55% (11) as “significantly better quality”.
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These ratings are underlined by statements from the free text an-
swers of the final questionnaire:

Comments from the Participants:
“The Testing DSL offers a uniform structure. You didn’t have to worry about
wording.”

“Clearly formulated rules cannot be misinterpreted.”
“It prevents that something can be forgotten.”
“If the system and the templates are known, test cases can be recorded more
uniformly.“

“The templates were helpful for the completeness, since one recognizes on the basis
of the suggestions also that one had forgotten an entry so far.”

All in all, it can be assumed from the descriptive statistics and the
qualitative data from the free text responses that H11 is applicable.

In addition to the potential for quality improvement, the participants
were asked at the end of the second study phase to what extent theyEvaluation of the

Potential for Speed
up Time (C7)

believed that the use of a system-specific Testing DSL would speed up
the creation of test cases (C7). As shown in Figure 6.29, 85% (17) of the
participants believe that this would speed up the test case creation.

The actually measured times for creating test cases during the
experiment do not support this statement unambiguously. No sig-
nificant difference could be found between the measured times for
creating test cases for the system CM. The participants needed a sim-
ilar amount of time to specify the test cases using natural language
(M = 36min, Std = 10min) and using the system-specific Testing DSL
(M = 37min, Std = 13min). For the system MW there was in fact a sig-
nificant difference between the test case documentation using natural
language (M = 26min, Std = 10min) and the system-specific Testing
DSL (M = 41min, Std = 11min), U = 14.50, Z = �2.692, p = 0.005,
r = 0.60. Accordingly, no clear conclusion can be drawn that the use
of a system-specific Testing DSL immediately saves time. Therefore, it
would be wrong to reject H013.

Nevertheless, it is reasonable to assume that a longer training period
could have a positive effect. This assumption was also expressed by
the participants. For instance, the following statements were made in
the optional free text answers of the final questionnaire:

Comments from the Participants:
“The Testing DSL approach requires a longer training period, but is faster and
easier when you’re trained.”
“If I’d known the templates better, some iterative improvements wouldn’t have
been necessary.”

“It takes a little longer to get along than with natural language, but I think once
you know the commands, it’s a lot faster.”
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In conclusion, based on the qualitative data and descriptive statistics,
it can be assumed that users anticipate time savings through the use
of system-specific Testing DSLs, which means that H12 is appropriate.

The overall evaluation of the concept of system-specific Testing Evaluation of the
Testing DSL Concept
by means of the SUS
Questionnaire

DSLs by the participants (N = 20) at the end of the experiment
using the SUS questionnaire resulted in a measured SUS score of
Mdn = 80.0 (Min = 37.5, Q1 = 73.1, Q3 = 88.1, Max = 97.5). This
corresponds to a good usability according to the adjective rating scale
by Bangor et al. [6].

Based on the tested hypotheses H6 to H13, this allows to answer the
research question RQ3.3 in the following:

RQ3.3: What influence does the use of system-specific Testing DSLs
have on the evaluation of test cases by test designers compared to the
natural language approach?

The statistical test for H6 confirm that test designers feel more
certain in test case creation when using a system-specific Testing
DSL. Furthermore, test designers themselves rate the test cases cre-
ated using a system-specific Testing DSL as more consistent, com-
plete and comprehensible (H7 to H9). In addition, they have more
fun (H10) creating test cases using a system-specific Testing DSL
and they believe that there is potential for improving the quality
(H11) of test cases and saving time (H12). Finally, they evaluate the
usability (H14) of the concept as good (SUS score of Mdn = 80.0).

Based on these results, it can be assumed that the acceptance of
the template-based approach by means of system-specific Testing
DSLs among test designers is high and that this could enable a
smooth introduction of the approach into industrial practice.

To sum up, the controlled experiment yielded a clear result regard-
ing the consistency (C2) perceived by test designers with p   0.001.
While uniformity is already given by construction when using a
system-specific Testing DSL, this is also confirmed by the participants
in the experiment. This shows similarities to the study by Ibrahim et
al. [85] that more uniform documentation can be achieved by using
templates. Despite the fact that the participants had the impression to
write more complete test cases (C3), this could be confirmed for the
system MW but not for the system CM by the number of problems. A
possible reason for this could be the good quality of the requirements,
which also led to more complete test cases. Another factor could be
the construction and quality of the templates. If templates already
allow incompleteness, the corresponding system-specific Testing DSLs
cannot resolve this problem. Furthermore, templates cannot eliminate
incompleteness if they are not used. This was mostly the case for
problems in test cases written with a system-specific Testing DSL. Pos-
sibly forcing a combined use of (shorter) templates is an improvement
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for the future. Furthermore, the study results show a similar degree
(MdnNL = MdnDSL = 4.00) of comprehensibility (C4). Participants
may tend to overestimate their own capabilities in the first study phase
because they have no possibility of comparison. After completion of
the second study phase, however, they rate the template-based test
cases, which were created using a system-specific Testing DSL, as
clearly more comprehensible (cf. Figure 6.28).

Considering the problems identified, it can be seen that structural
deficiencies (A2) in particular can be avoided by using a Testing
DSL. They no longer occurred in the second study phase for both
systems. Above all, the description of expected results as actions,
which is considered as typical beginner’s mistake, can obviously be
avoided. Especially, the reduction of the other problems, i.e., incom-
plete test cases (A1), incorrect use of parameters (A3), and incorrect
test cases (A4), shows the benefit of system-specific Testing DSLs. Nev-
ertheless, it has to be emphasized that the quality of the underlying
templates has a decisive influence on the quality of the test cases.

6.4 concluding remarks on the template-based approach

The development of Automotive Testing DSLs, which have system-
specific characteristics, was proposed to meet the challenges of natural
language based test case descriptions. For this purpose, the Test CaseTest Case

Specification-
Oriented Domain
Analysis Method

Specification-Oriented Domain Analysis Method was developed to
be used in the analysis phase of the DSL development process. Based
on the basic steps of domain analysis according to Prieto-Díaz [146]
activities for analyzing automotive test case specifications were de-
scribed to extract key concepts (cf. Figure 6.2). As a main result of the
developed method, the conceptual templates derived by the domain
analyst have to be highlighted. They provide a concise representation
of the structures used in existing test case descriptions and serve as
support for the communication with domain experts. In addition,
the participation of domain experts during the activities was high-
lighted as necessary. The developed method was supplemented by an
approach to automate individual activities. Based on the use of the
DBSCAN algorithm it could be shown that test case descriptions can
be grouped appropriately by choosing the suitable parameters. This
reduces manual effort for the analysis of existing automotive test case
specifications and supports domain analysts.

Subsequently, the developed methodology was evaluated and ap-Demonstration of the
Applicability of the
Method Using Real

Automotive Test
Case Specifications

plied to real test case specifications from the automotive domain. This
show that the examined test case specifications contain a high amount
of reusable descriptions. The results of the usability study show that

Practitioners
Successfully Applied

Conceptual
Templates

the conceptual templates are applicable and understandable for prac-
titioners. Therefore, it seems likely that system-specific Testing DSLs
enable the smooth introduction of formal documentation of test cases,
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which was not successful so far in this industrial environment with
standardized approaches. In particular, the uniformity of test cases
forced by the conceptual templates was positively emphasized. In
addition, the method contributes to uncovering defects in test cases,
such as missing time data or units. This was observed in workshops
with domain experts to discuss the conceptual templates.

In addition, based on the results of the experiment, a positive effect Problems in Test
Cases Can Be
Avoided by Using
Testing DSLs

of using a system-specific Testing DSL for the quality of test cases
could be confirmed. Thus, these test cases contain fewer problems
regarding incompleteness, incorrect use of parameters, structural defi-
ciencies, and incorrect description of the test procedure. The subjective
evaluation by the participants also revealed that the test case quality
regarding consistency, completeness and comprehensibility is assessed
much higher. In addition, they feel more certain when using a system-
specific Testing DSL than creating test cases in natural language. More-
over, the participants of the experiment see great potential that time
savings and quality improvements in test case documentation can be
achieved through this concept.

Furthermore, the usability of the system-specific Testing DSLs con- Usability of the
Testing DSL
Approach Is Rated as
“Good”

cept was rated as good, with a SUS score of Mdn = 80.0. Accordingly,
the concept was evaluated positively throughout and contributes sig-
nificantly to improving the quality of test cases.
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I M P L E M E N TAT I O N I N T O T H E E X I S T I N G T O O L
C H A I N

Based on the collected insights on challenges in the creation of quali-
tative test case specifications and their review, several tools have been
designed in the context of this thesis, which fit into the existing auto-
motive tool chain at Daimler. This chapter presents in Section 7.1 an
overview of the existing tool chain that is used for the creation and
further processing of automotive test case specifications. In particular
the tool NESSIE is introduced, which is an editor for automotive test
case specifications. Based on the tool NESSIE, extensions were devel-
oped which contribute to the quality improvement of automotive test
case specifications. These extensions of NESSIE are summarized under
the name SofTSpeC Framework and are described in more detail in
Section 7.2.

7.1 existing automotive tool chain

In the automotive industry, various tools are used to specify test
case specifications. In the considered application case in this thesis at
Daimler there are various tool chains used in different departments.
In this thesis, one of these tool chains is considered and presented in
Section 7.1.1. After that, Section 7.1.2 describes a tool that is used for
integrating mechanisms to improve the quality of automotive test case
specifications.

7.1.1 Overall Picture

The major part of the tool chain considered in this paper, with which
various departments at Daimler work, consists of the tools IBM
DOORS [83] and HP Quality Center. As the latter has been tailored
exclusively to the needs of Daimler, this specific instance is called
Defect and Test Management Tool (DANTE). Figure 7.1 shows the
overall picture of the tool chain used for creating and processing test
case specifications at Daimler.

The tool IBM DOORS [83] (the abbreviation stands for Dynamic
Object-Oriented Requirements System) is a requirements management
tool with which different users can work on a requirements document
and a change history is created. IBM DOORS is also used at Daimler
for the documentation of test cases. Since requirements are also speci-
fied in DOORS, test designers can easily associate the specified test
cases with the requirements.

245
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Figure 7.1: Automotive tool chain regarding test case specifications

Since the creation, editing or copying of test cases in IBM DOORS
is sometimes cumbersome, Daimler developed a test case editor called
NESSIE. This editor is able to load existing test case specifications from
IBM DOORS, so that the test designer can edit the test cases in NESSIE
using supporting functions. Subsequently, the test designer can save
the test case specification which is then updated in IBM DOORS. More
information about NESSIE is presented in Section 7.1.2.

In the DANTE, which is a company-owned tool of Daimler, test
cases can also be created or imported from other systems such as
IBM DOORS. For the execution of these test cases, test implemen-
tations are assigned to them (see dotted rectangle in Figure 7.1).
These implementations can either be executed directly in DANTE
(e.g., manual tests), or accompanied by a real implementation, e.g.,
in the form of a script and executed in an external test automation
system (e.g., HiL tests). For this purpose, the test implementations can
be exported to different test automation tools such as PROVEtech:TA1,
TPT2, or CANoe3. After the execution of these tests, the test results
can be imported back into DANTE and assigned to the corresponding
test implementations.

The interface between IBM DOORS and DANTE enables the use
of the test cases that are linked to the requirements in IBM DOORS
also in DANTE. Thus the test case specification represents the bridge
between the requirement specification (in IBM DOORS) and the test
management (in DANTE).

1 PROVEtech:TA from AKKA Technologies:
https://www.provetech.de/index.php/products/provetech-ta

2 TPT (Time Partition Testing) from PikeTec GmbH:
https://www.piketec.com/en/2/tpt.html

3 CANoe from Vector Informatik GmbH:
https://www.vector.com/int/en/products/products-a-z/software/canoe/

https://www.provetech.de/index.php/products/provetech-ta
https://www.piketec.com/en/2/tpt.html
https://www.vector.com/int/en/products/products-a-z/software/canoe/
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7.1.2 Test Case Specification Editor NESSIE

The New Test Case Specification Editor (NESSIE) provides an alterna-
tive input mask for editing test cases that are managed in IBM DOORS.
NESSIE supports test designers in creating test case specifications
through syntactic and structural validations for template-compliant
test case documentation that complies with company specific test
method guidelines, such as the Test Case Specification User Guide
(TUG) [30]. The validation also ensures that the test case specification
is free of errors for importing test cases to DANTE. Figure 7.2 shows a
screenshot of the application NESSIE with its four different view parts.
View Part 1© lists all test cases contained in the test case specification
to the user. After selecting a test case, it is opened in View Part 2©.
This view contains all relevant information of a test case, which is
divided into three tabs. In the tab “Test Case” the user can edit the
attributes test case name, test goal, workflow status, test platform and
other test case metadata. In the tab “Conditions” the preconditions
of the test case are defined and in the tab “Test Steps” the individ-
ual actions and expected results of the test steps are specified. View
Part 3© shows the requirements linked to the currently opened test
case. View Part 4© shows validation results and informs the user where
test case documentation guidelines are violated.

1

2

34

Figure 7.2: New Test Case Specification Editor (NESSIE)

NESSIE is based on the technologies Eclipse Rich Client Platform
(RCP) [177] and the Eclipse Modeling Framework (EMF) [164]. Eclipse
applications offer a high degree of extensibility, which is the basis for
the implementation of the developed extensions that are described in
the following section.
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7.2 softspec tool box

The abbreviation SofTSpeC stands for Support of Test Case Specification
Creation. The SofTSpeC tool box covers various constructive and ana-
lytical quality assurance methods and associated tools that contribute
to improving the quality of automotive test case specifications. The
following three tools are currently part of the SofTSpeC tool box:

PhraseEx: Tool for the analysis of existing test case specifications
and for the identification of language patterns accord-
ing to the developed Test Case Specification-Oriented Do-
main Analysis Method (cf. Section 6.1).

SofTSpeC
Editors:

Framework for defining templates including textual
editors which extend NESSIE and enable the use of
system-specific templates for specifying test cases.

QualiCheck: Tool that integrates the developed review checklists (cf.
Section 5.2.1) into NESSIE and calculates information
about the test case specification currently loaded in
NESSIE to support the reviewer in answering questions
relevant to the review (cf. Section 5.2.3).

The following subsections describe the tools PhraseEx, SofTSpeC
Editors and QualiCheck in more detail.

7.2.1 Phrase Extraction Tool (PhraseEx)

The Phrase Extraction Tool (PhraseEx) implements the domain anal-
ysis automation approach described in Section 6.2. The descriptions
from actions and expected results contained in an existing test case
specification are analyzed and templates derived from them.

PhraseEx was integrated in NESSIE in the menu “SofTSpeC” (see
menu in Figure 7.2). After selecting the entry “PhraseEx”, the dialog
shown in Figure 7.3 opens.

Figure 7.3: Dialog window of PhraseEx

The directory input field is used to specify the location where the
domain analysis result files are to be stored. In the input field variable
parts, a .txt file can be specified to replace certain variable parts in
the phrases by defined placeholders. These defined variable parts can
be used to support the developed heuristics in grouping the phrases
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(cf. Section 6.2). Thus certain words can be defined as equivalent by
replacing them with placeholders before grouping. For example, the
words “passenger door” and “driver’s door” could be replaced by the
placeholder “__DOOR__” to better group the phrases “open passenger
door” and “open driver’s door”. During the grouping process, both
phrases would then be regarded as “open __DOOR__”. The .txt file
required for this would have to be defined as shown in Figure 7.4. If
the checkbox “Split Init / Run Steps” is selected, the INIT and RUN
steps are considered separately during phrase extraction.

Figure 7.4: Example file for defining placeholders

The result of the phrase extraction is exported in an MS Excel file
for actions and expected results. If a distinction is to be made between
init and run steps, four result files are generated. Figure 7.5 shows an
excerpt of such a file. All related phrases are divided into a cluster. To
the right of the cluster number is the suggested template. Below, all
phrases assigned to the cluster are listed. All phrases that could not
be grouped are listed at the end of the file (not shown in Figure 7.5).

Figure 7.5: Extract from a result of phrase extraction

7.2.2 SofTSpeC Editors

The SofTSpeC Editors are an extension integrated into NESSIE that
provides the user with special textual editors that support test de-
signers in the documentation of actions and expected results by pro-
viding system-specific templates. This distinguishes them from de-
fault rich text editors. Figure 7.6 shows the overall concept of the
SofTSpeC framework.
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Figure 7.6: Overall approach of the SofTSpeC framework

System specific templates for the documentation of actions and ex-
pected results, such as those developed with the help of the approach
presented in Section 6.1.2, are first converted into a Xtext grammar
(see Step 1 Figure 7.6). Each system has its own DSLs for actions and
expected results, i.e., two Xtext projects are created per system. For the
realization of the features validation, quick fix and auto completion
and thus the referencing between dictionaries and test cases a gener-
ator plug-in was developed by an engineering partner. By means of
the Xtext projects and the generator plug-in it is possible to generate a
parser, serializer and a smart editor with helpful features. These edi-
tors for actions and expected results are summarized under the term
SofTSpeC Editors and provided by the SofTSpeC extension in NESSIE
(see Step 2 in Figure 7.6). A test designer can therefore open a test case
specification in NESSIE and must first select a system-specific Testing
DSL via the dialog shown in Figure 7.7 before using the SofTSpeC
Editors (see Step 4 in Figure 7.6).

Figure 7.7: Dialog for selecting a system-specific Testing DSL

Afterwards the SofTSpeC Editors can be used for the documentation
of actions and expected results and the variable parts of the DSL can
be edited in a dictionary (see Step 5 in Figure 7.6). This is explained
in the following using the example of the window lifter system.
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Figure 7.8 shows the basic control concept of the controls installed
in the vehicle for opening and closing the side windows. While the
driver has installed control elements on his door that can control all
windows in the vehicle (cf. Figure 7.8 (a)), the other passengers each
have only one control element for controlling their own window.

1 2

4 3

(a) Overview of which control element can
control which window

(b) 1© front left 2© front right
3© rear left 4© rear right

Figure 7.8: Basic control concept of the window lifter system4

An example template for the description of actions for controlling
the window lifters has already been shown schematically in Figure 6.5
(Page 188). Figure 7.9 shows how such a described action looks in the
corresponding SofTSpeC Editor.

Figure 7.9: Example of an action description in the SofTSpeC Editor

In order to specify this template-based action description, the vari-
able parts (in quotation marks) and the dependencies between the
elements of the template must be defined in the dictionary (cf. Fig-
ure 7.10) according to the relationships defined in Figure 7.8 (a).

Figure 7.10: Dictionary entries for the system window lifter (actions)
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Based on the definition of the variable parts and their relationship
in the dictionary, actions can be described as shown in Figure 7.11.
Moreover, Figure 7.11 shows an example of validation if a phrase that
does not conform to the template is entered into the SofTSpeC Editor.
In the example in Figure 7.11, it was not defined in the dictionary that
the passenger at the rear right can control the window at the front
right, whereupon the editor marks this entry as incorrect and displays
two possible quick fixes (see yellow box).

Figure 7.11: SofTSpeC Editor displays quick fixes

Furthermore, the editor offers the possibility of automatically com-
pleting an incomplete phrase, depending on the entries in the dictio-
nary. As shown in Figure 7.12, pressing the shortcut CTRL + Space
will display auto complete suggestions. According to the relationship
defined in Figure 7.10 in the last row, the window opener on the right
rear door can only control the rear left and rear right windows.

Figure 7.12: SofTSpeC Editor displays auto completion suggestions

The functions of the SofTSpeC Editor shown in Figures 7.11 and
7.12 and the dictionary shown in Figure 7.10 formed the basis for the
usability study described in Section 6.3.3 and the experimental study
described in Section 6.3.4.
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7.2.3 QualiCheck

QualiCheck is, like the SofTSpeC Editors, an extension integrated
in NESSIE. It supports reviewers in conducting multidimensional
test case specification reviews by providing review checklists and
additional information. Thus it offers a computer-assisted alternative
to the MS Excel templates presented in Section 5.2.2. The added
value that QualiCheck offers the inspector of a test case specification
is primarily that it calculates and displays additional information
for certain checklist questions to the user. Based on this, the user is
empowered to adequately answer the respective checklist questions.
The calculated additional information is based on the approaches
described in Section 5.2.3 and may also be used to automatically
answer checklist questions.

The organizer of a review can use QualiCheck to create a multidi-
mensional review based on a selected review template. A review may
involve several inspectors, a moderator, a recorder and the author(s)
of a test case specification. These roles can be documented using
QualiCheck. Furthermore, each inspector is assigned a review di-
mension. This review dimension comprises a set of questions, each
question being assigned a quality criterion and optionally several types
of additional information. Figure 7.13 shows the dialog for creating a
new review in QualiCheck.

Figure 7.13: Dialog for creating a new review
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In the upper third of the dialog in Figure 7.13, information about
the review is specified, then the review template is selected, and in
the lower third the roles are documented, including the inspectors to
whom the review dimensions are assigned. Thereafter, QualiCheck
displays all test cases contained in the test case specification loaded in
NESSIE to the user who must select the test cases to be considered in
the review. Finally, depending on the review template selected, forms
similar to those in the MS Excel template (cf. Section 5.2.2) are created.
Figure 7.14 shows an example of how QualiCheck presents checklist
questions and related additional information to the user.

Figure 7.14: Example of a checklist question in QualiCheck with additional
information

A majority of the test cases are linked to requirements that have set
the value “Eng. develop. test” as Potential Verification Method (PVM),
as can be seen from the bar chart (see green bar). The majority of the
linked requirements that are classified as non-testable requirements
based on the PVM attribute value have the value “t.b.d.” (see pie chart).
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The test cases linked to non-testable requirements are also listed in
a table. Using drag & drop functionality, these table entries can also
be taken over as findings and dragged into the white field above.
Finally, on the basis of the additional information, the inspector would
have to answer the displayed question with NOK, i.e., the test case
specification does not meet the quality requirement.

Equivalent to the overview of the review results in the MS Excel
template (cf. Figure 5.6 on Page 166) QualiCheck also displays an
overview of the results (cf. Figure 7.15).

Figure 7.15: Excerpt from the review overview in QualiCheck

For the individual test case review, QualiCheck already transfers
the test cases selected for the review into the table provided for this
purpose, so that the inspector only has to assess the inspection criteria
(cf. Figure 7.16).

Figure 7.16: Excerpt from the individual test case review

In addition, QualiCheck offers the possibility to save and reload
reviews, export them to MS Excel, automatically answer selected
checklist questions and document findings based on the determined
additional information.
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7.3 concluding remarks on the developed tooling

In conclusion, the SofTSpeC tool box provides three different tools for
different aspects and users in the context of an automotive test case
specification at Daimler. This is illustrated in Figure 7.17.

Test 
Designer

Domain
Analyst

PhraseEx QualiCheckSofTSpeC Editors

• Extraction of 
templates from 
existing test case 
specifications

• Provision of 
Automotive 
Testing DSLs

• Support for 
formal review

Sof     TSpeC
Support of Test Case Specification Creation

NESSIE

• Load existing test case specifications from IBM DOORS
• Specification of test cases 
• Validation of test case specification with regard to compliance with the Test Case Specification Template 
(company-specific regulations)

Inspector

Figure 7.17: Overview of the tools provided by the SofTSpeC tool box

For realizing a template-based support for the description of actionsSofTSpeC Tool Box

and expected results PhraseEx is used. It enables a domain analyst
to extract suitable templates from existing (previous) test case speci-
fications. These can be helpful for the definition of an Automotive
Testing DSL, which is developed by a language engineer. The deploy-
ment of such a DSL can be realized using the SofTSpeC framework
which provides textual editors – the SofTSpeC Editors. Thus, the test
designer can specify actions and expected results template-based. After
test cases have been specified by one ore more test designer(s) (with or
without the template-based approach), the QualiCheck tool supports
inspectors of a test case specification in performing a formal review.

All developed tools are implemented as extensions of the toolSeamless Integration
Into the Existing

Tool Chain
NESSIE, which is used for test case documentation at Daimler and is
therefore already seamlessly integrated into the existing tool chain.
Furthermore, NESSIE is technologically based on Eclipse, which means
that the internal plug-in and extension mechanism of Eclipse provides
possibilities for extensibility. Therefore, it was decided to integrate
the tools PhraseEx, SofTSpeC Editors, and QualiCheck into the tool
NESSIE. Due to this integration, test designers still only need the
tool NESSIE for the documentation of test cases. They can specify the
actions and expected results using the SofTSpeC Editors integrated
in NESSIE and the provided Automotive Testing DSLs. At the same
time, other test case attributes such as scope, test platform, etc. can
also be edited in NESSIE.
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C O N C L U S I O N A N D F U T U R E W O R K

This chapter presents the conclusion of the thesis in Section 8.1. In ad-
dition, potential future work regarding the improvement of the quality
of automotive test case specifications is discussed in Section 8.2.

8.1 conclusion

The focus of this thesis is on automotive test case specifications that
contain natural language test cases for system testing and system
integration testing. Due to their importance within a structured test
process (e.g., as a basis for communication or contracts), the quality of
this document has an impact on time, costs, and success of testing.

Besides practitioners who were interviewed in the context of this Poor Quality of Test
Case Specificationsthesis, researchers also report that the quality of test cases or espe-

cially of test code is poor [3, 61, 174]. As a result, quality assurance is
also becoming increasingly important for test cases as an important
development artifact during the software development process [61].
Thus, there are an increasing amount of approaches which describe
quality characteristics of test cases [16, 107, 132, 193] or test smells [34,
58], which are indicators for test cases of poor quality. However, these
papers refer to test code or automated executable test cases. Quality
characteristics or test smells that specifically refer to natural language
test cases have not been sufficiently considered [1, 77, 172] and are not
related to the automotive domain. Therefore, the aim of this thesis is
to make a contribution towards improving the quality of automotive
test case specifications that contain natural language test cases. In
order to achieve this aim, this thesis is guided by three main research Three Main Research

Questionsquestions (RQ1 to RQ3), on the basis of which the results obtained
are summarized in the following.

RQ1 Which challenges that influence the quality of automotive
test case specifications are practitioners aware of?

To answer RQ1, an exploratory case study with 17 interviewees and Exploratory Case
Study & Descriptive
Survey

a descriptive survey with 36 participants from the automotive domain
have been conducted. As a result, 92 challenges were identified and

Taxonomy of
Challenges
Concerning Test
Case Specifications
(Contribution 1)

classified in a taxonomy consisting of nine main categories (M1 – M9)
and 24 subordinate types of challenges (Contribution 1).

Particularly noteworthy are test case description related problems (M4)
and quality assurance related problems (M7). Regarding M4, especially
comprehensibility and completeness of test cases are challenging for
the further processing of the test cases, i.e., their execution or imple-
mentation. In addition, practitioners spend a considerable amount of

257
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effort to unify test cases afterwards, i.e., unification with respect to
used phrases, technical terms, abbreviations or notations. Practitioners
emphasize that the phrasing and level of detail of test cases depends
on the respective target test platform and should also be dependent
on it. Furthermore, the results of the exploratory case study regarding
M7 show that there is a lack of a consistent definition of quality and
that practitioners are rarely aware of quality metrics for reviewing
automotive test case specifications. This also includes the fact that
practitioners lack guidelines and a corresponding tool support. More-
over, quality assurance related problems (M7) were assessed most
critically in the descriptive survey, which underlines the relevance of
the research in this thesis. Furthermore, the survey results showed
hardly any significant differences in the assessment of the identified
challenges for internal (OEM) and external (engineering partner) em-
ployees (5 of 92 challenges show differences), which suggests that the
challenges are not company-specific.

The results for RQ1 form the basis, according to the applied De-Design Science
Research (DSR) sign Science Research (DSR) process [37], to define solution artifacts,

which were developed and evaluated within the scope of this thesis.
Solution artifacts in terms of an analytical quality assurance method
are the developed quality model for automotive test case specifications
(Contribution 2) as well as the review checklists and review guideline
(Contribution 3) derived from it. With regard to a constructive quality
assurance method, the developed Test Case Specification-Oriented Do-
main Analysis Method (Contribution 4) represents a solution artifact
with which system-specific templates for the description of test case
procedures can be created. Based on this, research question RQ2 fo-Solution Artifacts

Regarding
Analytical and

Constructive Quality
Assurance Methods

cuses on analytical quality assurance and research question RQ3 on
constructive quality assurance.

RQ2 How can the quality of test case specifications be assessed?
Based on different sources of knowledge and by applying the Goal

Question Metric (GQM) approach [9] a quality model for automotiveQuality Model for
Automotive Test

Case Specifications
(Contribution 2)

test case specifications was developed, which consists of the following
quality characteristics: (1) Suitability, (2) Compatibility, (3) Usability,
(4) Reliability, (5) Safety, (6) Maintainability, and (7) Portability. These
quality characteristics are detailed by a total of 16 sub characteristics.
The comparison of the developed quality model with the product
quality model of the ISO 25010 standard [93] and the test specification
quality model from Zeiß [194] shows that some of the quality character-
istics also occur in already existing quality models. However, this does
not apply to automotive-specific aspects. The developed quality model
for automotive test case specifications especially considers the relation-
ship between test plan and test case specification, considers the quality
of the entire document and not only individual test cases, and inte-
grates functional safety aspects with regard to ISO 26262 standard [89].
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Hence, the developed quality model offers an added value compared
to existing quality models. Additionally, a subset of quality charac-
teristics were defined together with experts, which are considered Inspection Criteria

for Preliminary
Reviews

necessary for the review of individual test cases and especially for
preliminary reviews. These are called inspection criteria and comprise
the following six quality criteria: (1) Conformity to Test Case Documenta-
tion Regulation, (2) Traceability & Correctness, (3) Simplicity, (4) 4-Phase
Test Design, (5) Comprehensibility, and (6) Test Platform Suitability.

Based on the developed quality model, review checklists and a Review Checklists &
Review Guideline
(Contribution 3)

review guideline were instantiated, enabling practitioners to conduct
formal reviews. The review guideline describes a multidimensional
review concept based on the assumption of the multidimensionality Multidimensional

Review Conceptof quality [16, 143]. It takes into account different perspectives (i.e.,
dimensions) and thus different demands (e.g., documented in refer-
ence documents) that different actors (i.e., roles) have on a qualitative
test case specification. The review guideline describes how to use
the review checklists and considers the following five dimensions:
(1) Methodical View, (2) Test Plan View, (3) Requirements View, (4) Test
Platform View, and (5) Functional Safety View.

The evaluation of the review checklists shows that they are a suit- Evaluation Results
of the Review
Checklists

able instrument for supporting inspectors during a formal review
and increase the understanding of a qualitative test case specifica-
tion. Furthermore, practitioners request support in answering the
checklist questions, which is due to their comprehensive nature. In
this respect, this thesis presents a first approach for automated an- QualiCheck – a Tool

for Conducting
Formal Reviews

swering as well as the provision of additional information for certain
questions in the context of the company Daimler, which was realized
in the tool QualiCheck.

RQ3 How can the development of system-specific Testing DSLs
be supported and how can they improve the quality of test case
specifications?

Positive effects through the use of templates or boilerplates for Positive Effects of
Templates Are
Known From
Requirements
Engineering

natural language requirements are known from requirements engi-
neering [2, 31, 80, 85, 112, 128, 144]. However, the advantages of a
template-based approach for natural language test cases have not yet
been evaluated. To achieve a high acceptance of a template-based
approach by users (i.e., test designers and testers), it is important
that system-specific constructs and the typically used vocabulary of
domain experts are represented by the templates. Therefore, in this
thesis the Test Case Specification-Oriented Domain Analysis Method was Test Case

Specification-
Oriented Domain
Analysis Method
(Contribution 4)

developed, with which system-specific conceptual templates can be
systematically derived. This method describes a detailed procedure
for performing a domain analysis based on existing automotive test
case specifications. To ensure a user-centered development and thus
to achieve a high acceptance of the derived templates, domain experts
are explicitly involved in this procedure through an activity.
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To reduce the manual effort for domain analysts using the method,Automation of
Individual Activities

of the Developed
Method

the automation of individual steps of the Test Case Specification-Oriented
Domain Analysis Method was also considered in this thesis. For this
purpose an algorithm was developed based on the Density-Based Spa-
tial Clustering of Applications with Noise (DBSCAN) algorithm [42]
in combination with a specially defined distance measure for the
recognition of existing patterns in test case specifications as well as
Multiple Sequence Alignment (MSA) [23] and a heuristic for the pro-
posal of conceptual templates. This algorithm was implemented inPhraseEx – a Tool

for Template
Suggestions

the tool PhraseEx. Although the conceptual templates derived by the
algorithm are not directly suitable for the definition of a context-free
grammar, they provide the domain analyst with important insights
into the structure and vocabulary of the test case descriptions under
investigation. Thus, the information can be useful to implement the
template-based approach by means of a Domain Specific Language
(DSL). In the context of this thesis, these DSLs are referred to as Auto-
motive Testing DSLs and have linguistic properties that are specific toAutomotive

Testing DSL a particular automotive system. The provision of such DSLs for the
specification of actions and expected results is enabled by the tool
SofTSpeC Editors.

The applicability of the developed Test Case Specification-OrientedEvaluation Results
for the Applicability

of the Developed
Method

Domain Analysis Method was demonstrated based on five real automo-
tive test case specifications and shows that large parts of the test case
specifications (70% to 95%) can be described by a small number of
templates (11 to 35). Thus, this thesis makes a contribution to formal
domain analysis in the context of DSL development, which was de-
scribed by Kosar et al. [114] as a research gap. Additionally, the results
show that there is potential for the use of templates due to the high
reuse of phrases contained in the automotive test case specifications
under consideration.

Furthermore, the developed automation of the method was evalu-Evaluation Results
for the Automation

of the Developed
Method

ated. The comparison of the results between manual grouping and
automated clustering of elementary phrases shows an almost perfect
agreement (Cohen’s Kappa [26] values between 0.842 and 0.969 [120]).
Sometimes a more fine-granular clustering result is obtained, which is
partly due to insufficient manual grouping. However, the automated
approach offers the advantage of reproducibility.

How the template-based approach using system-specific TestingImprovement of
Quality Through

Templates for Test
Cases Insufficiently

Examined so Far

DSLs improves the quality of test case specifications was investigated
for the first time in this thesis using a usability study with eight
participants from the automotive domain and a controlled experiment
with 20 student participants. There are comparable studies that show
the advantages of templates in the field of requirements engineering
for natural language requirements [2, 31, 85, 112, 128], but this has not
been evaluated for natural language test cases.
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The template-based approach has been examined in the usability Evaluation Results
of the Usability
Study

study using an Automotive Testing DSL for a speed regulation system.
Feedback from practitioners from the automotive domain states that

Good Usability &
Low Workload

the template-based approach has a good usability (System Usabil-
ity Scale (SUS) score of 71.3), causes only a low subjective perceived
workload (NASA Raw Task Load Index (NASA RTLX) score 32.9),
supports practitioners in completing the task and is preferable to the
previous natural language approach. Supplementary, the results of Evaluation Results

of the Controlled
Experiement

the controlled experiment show significant differences with respect
to contained defects in test cases specified using the template-based
approach and the conventional natural language approach. Test cases Template-Based Test

Cases Contain Fewer
Defects

specified using the template-based approach contain less incomplete-
ness, incorrect test case structure, incorrect use of parameters and
incorrectness. Furthermore, test designers evaluate test cases specified
using the template-based approach more consistently, completely and
comprehensibly than test cases specified in natural language. This
difference is significant. In addition, test designers feel more confident Templates Increase

Feeling of Certaintyin specifying test cases when using the template-based approach and
have more fun doing so. Moreover, test designers believe that there
is potential to improve the quality of documented test cases and save Templates Offer

Potential for Time
Savings and Quality
Improvement

time when specifying test cases by using templates. All this together
enables a smooth introduction of the template-based approach into
industrial practice.

To sum up, this thesis highlights current challenges influencing
the quality of automotive test case specifications and presents two
approaches to improve quality. One approach (analytical quality as-
surance) refers to quality characteristics that can be used to assess
automotive test case specifications. The other approach (construc-
tive quality assurance) refers to a preventive method based on the
use of system-specific templates. First results of this thesis show
that these two approaches contribute to improving the quality of
test case specifications.

8.2 future work

One contribution of this thesis is the quality model for automotive test Applicability and
Adaptation of the
Quality Model

case specifications, which was developed based on different knowl-
edge sources as well as on statements of employees of an OEM (i.e.,
Daimler) and employees of external engineering partners who also
work for other OEMs. In future work, it should be investigated to
what extent the quality model is actually applicable for other OEMs in
the context of system testing and system integration testing. If test case
specifications contain test cases that can be automated or from which
automated test scripts can be derived, an extension of the developed
quality model should be considered in future work, since this aspect
has not yet been considered in the quality model.
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Furthermore, the review checklists offer potential for optimization.Improvements to the
Review Checklists The presented automation already represents an approach to reduce

the effort for inspectors when answering checklist questions within a
formal review. Additionally, a tailoring concept for the derived review
checklists should be developed in order to select the most relevant
checklist questions for the respective system or project from the pre-
sented superset of checklist questions and thus further reduce the
number of questions per dimension. In this respect, the applicability
and usability of the adapted checklists should be re-evaluated. More-
over, the developed checklists could be compared to an ad-hoc review
approach in future work, for example by means of a controlled experi-
ment, in order to underline significant advantages of the checklists.

Based on the developed Test Case Specification-Oriented Domain Anal-Definition of an
Automotive Template

Catalog
ysis Method, further automotive test case specifications should be
analyzed in future work. The resulting templates can provide in-
formation about different automotive engineering domains, which
can be used to create a template catalog of key concepts applied in
automotive test cases.

With regard to the conducted controlled experiment, the influenceComparison Between
Experienced Test

Designers and
Novices

of the training period necessary for novice test designer could be
investigated in more detail compared to experienced test designers. It
is to be assumed that test designers are faster in creating test cases if
they know the systems and the underlying Automotive Testing DSL
better. Therefore, in future work it should be investigated how more
experienced test designers evaluate the specification of test cases using
system-specific Testing DSLs. In order to be able to make a statement
about productivity, it is necessary to record the time expenditure over
a longer period of time, possibly in a real situation.

In addition, it could be empirically investigated whether inspectorsTime Savings for
Reviewers and

Testers
are faster in reviewing test cases specified using the template-based
approach than in reviewing test cases specified using the conventional
natural language approach. A potentially suspected time saving could
also be investigated for reading and understanding template-based
test cases from the perspective of testers.
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A
M AT E R I A L F O R T H E I N T E RV I E W S

The supplementary material presented in this chapter has been
published with Open Access Repository of Ulm University as
open access research data “Challenges Concerning Test Case
Specifications in Automotive Software Testing: Study Material
of the Exploratory Case Study and the Descriptive Survey” by
Juhnke [101], which is licensed under CC BY 4.01.

a.1 interview questionnaire

organizational issues

1. Introduction for the purpose of the interview l

2. Sign declaration of consent l

3. Date:

4. Interview Participant ID:

1 personal background

1.1 How old are you?

l 20 – 24 l 25 – 29 l 30 – 34 l 35 – 39 l 40 – 44

l 45 – 49 l 50 – 54 l 55 – 59 l 60 – 64 l 65 – 70

1.2 Which language is your mother tongue?

l German l English l Other:

1.3 Which company do you belong to?

l Daimler l I am not an employee at Daimler

1.4 How long do you work at the company?2

l less than 3 years l between 3 and 5 years

l between 6 and 10 years l between 11 and 25 years

l 26 years and longer

1 Creative Commons Attribution 4.0 International Public License (CC BY 4.0):
https://creativecommons.org/licenses/by/4.0/

2 As a permanent employee of Daimler AG, please enter the time you are already
employed by the company. As an external service provider/supplier, please enter the
time you already work for Daimler AG.
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https://creativecommons.org/licenses/by/4.0/
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2 general information about testing

2.1 What is your current activity?

l Test Manager l Test Designer l Tester

l (Test organization) l (Test case creation/
ldocumentation)

l (Test implementation/
lexecution)

2.2 Please indicate how you come into contact with test case speci-
fications/test cases!

in-house
(e.g., internal

colleagues/
testers)

outside
(e.g., external

suppliers)

does not
apply

I write test case specifications
by myself for ...

l l l

I instruct the creation of test
case specifications ...

l l l

I implement test cases from
test case specifications from ...

l l l

I review created test case speci-
fications from ...

l l l

2.3 How do you rate your experience in testing?

l Beginner l Advanced
l Beginner

l Competent
l Tester

l Experienced
l Tester

l Testing
l Expert

2.4 What is your subjective assessment of the quality of the test
case specification you last created, edited or implemented?

very good l 1 l 2 l 3 l 4 l 5 very bad

Reasons for your assessment:
(optional indication)
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a.2 interview guide

creation of test case specifications

Research Question 1: Which challenges occur during the creation of a
test case specification?

1.1 Are there challenges/problems during the provision of artifacts, which are
needed for the generation?

1.2 Which challenges/problems occur during the usage of the current test case
specification templates?

1.3 Are there challenges/problems in the formulation of test cases?

Questions for Orientation:

• For which required artifacts is the access not guaranteed? (Q. 1.1)
e.g., requirement specifications, MGUs, C-Matrix

• In which form is the test plan for the creation of the test case specification
used? (Q. 1.1)

• Which (DOORS) test case specification templates do you use? (Q. 1.2)

• What comments do you have on internal company guidelines for the creation
of a test case specification (awareness, comprehensibility)? (Q. 1.2)
e.g., too many distributed documents, incomprehensible, just a few examples,
no clue where to find them

• Do you modify the DOORS test case specification template to meet your
test documentation requirements? If so, how and why? (Q. 1.2)
e.g., DOORS as a suitable tool for test case specifications

• How would the test case specification template have to be adapted (with
regard to structure and filling rules)? What would be the benefits? (Q. 1.2)

• In which language do you create the test case specifications? (Q. 1.3)
l German l English l Others:

• Which (communication) problems occur when test cases (or the test case
specification) are created by several persons? (Q. 1.3)

• How do you formulate your test cases? What are the challenges in formulat-
ing test cases? (Q. 1.3)
l rather short, using headwords and many abbreviations
l rather long, by means of well-formulated sentences and in natural (human-

readable) language

l rather suitable for the respective test platform
l rather generic and therefore suitable for several test platforms

• What examples of problems with the content of a test case specification have
you encountered so far? (Q. 1.3)
e.g., vocabulary, structure, traceability, executability
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implementation of test case specifications

Research Question 2: Which challenges occur during the further pro-
cessing/implementation of the test case specifi-
cation by the tester?

Questions for Orientation:

• Which challenges do you know from your own experience regarding the
communication between test designers and testers?
e.g., agreements, different native languages/understanding of terms, misun-
derstandings

• Which misunderstandings or ambiguities occur in relation to an ambiguous
formulation of the test cases?
e.g., what are typical questions from the testers

• How do testers deal with such content-related problems of a test case
specification?
e.g., direct contact with the test designer, own research, “try it out”

• Which information do the testers miss?

• Could the use of templates or predefined phrases help in case of recurring
problems?
Show example

• Is the suitability of a test case for the intended test platform agreed in
advance with the test groups concerned?

• Is the availability of the respective test platform coordinated in advance
with the respective test group?
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quality criteria of test case specifications

Research Question 3: Which quality problems occur at a test case
specification?

3.1 Does a definition in regard to the quality of a test case specification exist?

3.2 What could be possible reasons for a poor quality of a test case specification?

Questions for Orientation:

• Which quality characteristics regarding the test case specification are impor-
tant for you? (Q. 3.1)
e.g., reusability, completeness, usability, changeability, efficiency

• What metrics could be used to determine the quality characteristics? What
would then be characteristics of a good test case specification for you? (Q.
3.1)
e.g., type of formulation, number of requirements, test steps, parameters, test
platforms

• When is a test case badly formulated for you? (Q. 3.1)

• Do you often observe obsolete, duplicated, needless or incorrect test cases
that are contained in the test case specifications? (Q. 3.1)

• To which documents, artifacts, etc. must it be possible to establish traceabil-
ity from the test case? (Q. 3.1)
e.g., source, further processing, etc.

• What are the differences between the quality criteria for safety-critical and
non-safety-critical systems? (Q. 3.1)

• Are test case specifications checked before the release? (Q. 3.2)
e.g., periodic reviews, revisions

• Do you feel sufficiently trained to create a test case specification? (Q. 3.2)
e.g., available test case investigation procedures and their application, company-
internal requirements, ISTQB

• What causes have a negative impact on the quality of test case specifications?
(Q. 3.2)
e.g., lack of training, eLearnings, reference processes, poor documentation,
unsuitable tools
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commissioning of test case specifications

Research Question 4: Which challenges occur at the commissioning
of a test case specification?

Questions for Orientation:

• Do you commission the creation of a test case specification?
e.g., with an external engineering parrtner

• What guidelines do you give to the external engineering partner for the
creation of a test case specification?

• What problems occur during the creation of a test case specification?
e.g., missing requirements, what are frequently asked questions

• What problems occur with the received test case specification?
e.g., do the test cases fit the test platform
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M AT E R I A L F O R T H E S U RV E Y A B O U T C H A L L E N G E S
W I T H T E S T C A S E S P E C I F I C AT I O N S

The supplementary material presented in this chapter has been
published with Open Access Repository of Ulm University as
open access research data “Challenges Concerning Test Case
Specifications in Automotive Software Testing: Study Material
of the Exploratory Case Study and the Descriptive Survey” by
Juhnke [101], which is licensed under CC BY 4.01

information for participants

This survey focuses on current challenges in test case specification
creation and processing. With your help, a better understanding of
the current challenges of the applied test specification method and the
tools used is to be achieved.
It takes about 35 minutes to complete this anonymous survey.
By participating in the following survey, you will make a valuable
contribution to evaluating the test definition methodology currently
in use.

declaration of consent

I hereby declare that I have received the participant information to this
interview study and the declaration of consent to study participation.

• I have been informed about the scientific investigation sufficiently verbally
and/or in writing.

• I agree to the recording of sound, as these are used exclusively for the purpose
of the study and are not published or passed on to third parties. I declare that
the study will collect data about me and these data recorded anonymously.
It is ensured that my personal data is not passed on to third parties. When
it is published in a scientific publication, the data does not indicate who has
participated in this investigation. My personal data is subject to the Data
Protection Act.

• I know that I can revoke my declaration of consent at any time, without stating
reasons, without this having negative consequences for me.

• I agree with the above-mentioned procedure and confirm this with my signa-
ture.

l I agree l I disagree

1 Creative Commons Attribution 4.0 International Public License (CC BY 4.0):
https://creativecommons.org/licenses/by/4.0/.
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introduction

To test an electrical and electronic system (known as E/E systems) in
the automotive domain, a test case specification describes all test cases
to be performed according to the test plan for a specific test object.
The aim is to document the minimum but sufficient test scope.

In E/E systems, the test object is usually a component with an inte-
grated software component or a system with networked components
whose functions to be fulfilled are described by a set of requirements
(e.g., in a component or system specification) (see Figure B.1).

The test cases can be assigned to different test levels (e.g., component,
system or complete vehicle tests) and test platforms (e.g., MiL, SiL,
HiL) and be valid for different series or variants.
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Figure B.1: Interrelationships around the test case specification
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1 personal background

1.1 How old are you?

l 20 – 24 l 25 – 29 l 30 – 34 l 35 – 39 l 40 – 44

l 45 – 49 l 50 – 54 l 55 – 59 l 60 – 64 l 65 – 70

1.2 Which language is your mother tongue?

l German l English l Other:

1.3 Which company do you belong to?

l Daimler l I am not an employee at Daimler

1.4 How long do you work at the company?2

l less than 3 years l between 3 an 5 years

l between 6 and 10 years l between 11 and 25 years

l 26 years and longer

2 As a permanent employee of Daimler AG, please enter the time you are already
employed by the company. As an external service provider/supplier, please enter the
time you already work for Daimler AG.
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2 general information about testing

2.1 In my current activity in the test process ...

l I define the test strategy
(i. a. definition of test objectives, description of test levels, sequence of integration,
determination of test effort and costs).

l I create and reconcile the test plan
(i. a. description of the test object, the test environment, test design procedures).

l I determine and document test cases myself
(i. a. testability evaluation of the requirements, application of suitable test case deriva-
tion procedures, definition of a test case specification).

l I manage testing data
(i. a. analysis, generation and provision of test data).

l I implement and automate test cases
(i. a. creation of test scripts).

l I execute test cases and document test results
(e.g., execution of tests, creation of test protocols).

l I review/check test cases/test case specifications
(i. a. structural and semantic testing of test cases).

l I plan and coordinate the test activities to be carried out
(e.g., Test planning, control of test progress, creation of test reports).

l I commission the creation of test cases/test case specifications
(e.g., with an external service provider).

2.2 What is your subjective assessment of the quality of the test
case specification you last created, edited, implemented or com-
missioned?

very good l 1 l 2 l 3 l 4 l 5 very bad

Reasons for your assessment:
(optional indication)

2.3 How do you rate your experience in testing?

l Beginner l Advanced
l Beginner

l Competent
l Tester

l Experienced
l Tester

l Testing
l Expert

2.4 In which language do you create or commission test case speci-
fications or in which language do you receive test cases from a
test case specification for implementation or automation?

l German l English l German and English

l Others:
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3 challenges concerning test case specification

3.1 Which of the following challenges do you encounter in context
testing during your work? Please assess the frequency with
which these challenges occur and the criticality with regard
to the successful completion of the test activities with a value
between 1 (not critical) and 5 (very critical)!

no comment
does not 
occur

does occur very rare rare sometimes often very often not critical
rather not 

critical
partly critical  rather critical very critical

C01 Requirement Specification does 
not exist
C02 Requirement Specification does 
not exist in time
C03 Test plan does not exist
C04 Information and documents are 
distributed
(e. g. on different systems, storage formats, 
etc.)

C05 No access to relevant documents
(Means documents, which are relevant for 
creating test case specifications, e.g. 
requirement specifications, test plans, 

additional documents, etc.)

Occurrence Frequency Criticality

1 
In

pu
t 

A
rt

ifa
ct

s 
(A

va
ila
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lit

y)

no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C06 Requirement specifica�on is 

outdated

C07 Incorrect requirements exist

C08 Conflic�ng requirements exist

C09 Obsolete requirements exist

C10 Incomplete requirements exist

C11 Unintelligible requirements 

exist

C12 Test plan is too general

C13 Test plan is too extensive

C14 Insufficient descrip�on of the 

test object

C15 Undefined test end criteria

C16 Template does not fit project-

specific requirements
(e.g. Missing a�ributes, unsuitable 

structuring, etc.)

C17 Influences due to faulty 

previous test cases

2
 In

p
u

t 
A

r�
fa

ct
s 

(C
o

n
te

n
t)

Occurrence Frequency Cri�cality

no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C18 Insufficient knowledge about 

the System Under Test (SUT)
(e.g. func�onality and requirements of the 

system to be tested are not understood)

C19 Insufficient knowledge about 

(e.g. lack of overview of test pla�orms and 

contact persons)

C20 Insufficient knowledge about 

(e.g. which test cases are suitable for test 

pla�orm)

C21 Insufficient knowledge about 

(e.g. guidelines, use of templates, etc.)

C22 Lack of training on test case 

C23 Lack of consul�ng/contact 

persons for test case specifica�on 

C24 Insufficient documenta�on of 

the test case specifica�on template

   
   

   
   

 3
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Frequency Cri�calityOccurrence

available test pla�orms

test pla�orm func�onali�es
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no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C25 Transla�on errors in test cases

(e.g. from German to English and vice versa).

C26 Spelling errors in test cases

C27 Several authors are working on 

a test case specifica�on

(e.g. different wri�ng styles)

C28 Phrasing of test cases in prose 

leads to misunderstandings

C29 Use of abbrevia�ons impairs 

comprehensibility

C30 Use of undefined abbrevia�ons 

impair comprehensibility

C31 Abstract test case descrip�on 

leads to inaccuracies in test cases

C32 Phrasing of a test case is not 

specific to the respec�ve target test 

(e.g. missing signal names for HiL Tes�ng)

C33 Typing errors in test cases

C34 Incomplete test cases exist
(e.g. unspecified a�ributes, informa�on for 

testers is missing)

C35 Precondi�ons of a test case are 

not documented

C36 Ac�ons of a test case are not 

documented

C37 Expected results of a test case 

are not documented

C38 Test purpose of a test case is 

not documented

C39 Priori�za�on for a test case is 

not documented

C40 Model series is not documented 

for a test case

C41 Test pla�orm is not 

documented for a test case

C25 Transla�on errors in test cases

(e.g. from German to English and vice versa).

C43 Procedure used to determine a 

test case is not documented

C44 Test case descrip�on is 

incomprehensible

C45 Sequence of test case ac�ons to 

be executed is unclear

(e.g. unclear whether steps run in parallel or 

one a�er the other)

C46 Ambigui�es in test cases exist

C47 A test case tests too many 

func�ons

C48 A test case has too many linked 

requirements

C49 Poor readability / 

comprehensibility of a test case

C50 Test case contains too many 

parameters

C51 Test case already contains 

implementa�on details

C52 Test cases are no reused

C53 Experience-based test cases are 

not reused

C54 Changes to a test case are �me-

consuming

C55 Test case is not consistent with 

requirements
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Frequency Cri�calityOccurrence

no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C56 Insufficient handling of variants 

in the test case specifica�on

C57 Many different model series in 

one test case specifica�on

C58 Only test cases for a specific 

test pla�orm are contained in a test 

case specifica�on5
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Frequency Cri�calityOccurrence
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no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C59 Guidelines are missing

C60 Templates for test reports are 

missing

C61 Guidelines for handling the 

tools/tool chains are missing

C62 A defined reference process for 

tes�ng is missing

C63 Unclear interface defini�ons to 

the overall process
(e.g. test frac�ons are largely independent of 

each other, redundant workloads)

C64 Lack of change management 

leads to ignorance of changes
(e.g. changes to requirements are 

communicated and no�ced very late in the 

test process)

C65 Test process does not fit the 

project/system

C66 Test manager is vacant

C67 Responsibili�es and roles are 

unclear

C59 Guidelines are missing

C69 Increasing outsourcing leads to 

increased effort

C70 Increasing outsourcing means 

that test execu�on takes longer 

than in-house tes�ng

6
 P

ro
ce

ss

Occurrence Frequency Cri�cality

no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C71 Communica�on problems with 

the supplier

C72 Difficult communica�on due to 

communica�on via representa�ves

C73 Communica�on problems due 

to distributed teams

C74 Reduced communica�on due to 

spa�al distance

C75 Communica�on problems due 

to cultural differences

C76 Communica�on problems due 

to language barriers

(e.g. different na�ve languages)

C77 Different expecta�ons lead to 

misunderstandings

Occurrence Frequency Cri�cality
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m
u

n
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a�
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n

no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C78 Quality characteris�cs for a test 

case specifica�on are unknown

C79 Established metrics for quality

assessment are missing

C80 Requirement coverage is the 

only known quality metric

C81 Tools used do not generate 

quality reports

C82 Company guidelines for quality 

measurement are missing

C83 Lack of established review 

processes

C84 Shortage of manpower to 

conduct reviews

C85 Test case specifica�on is too 

large for conduc�ng a full review

C86 Lack of �me to conduct reviews

Occurrence Frequency Cri�cality

8
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no comment
does not 

occur
does occur very rare rare some�mes o�en very o�en not cri�cal

rather not 

cri�cal

partly 

cri�cal

rather 

cri�cal
very cri�cal

C87 Heterogeneous tools

C88 Tools used are  complex and 

func�ons are unknown

C89 Usability deficiencies

C90 Non-con�nuous tool chains 

(interface problems)

C91 Project-specific adapta�ons of 

the test case specifica�on template 

lead to problems
(e.g. further individual adjustments in the 

tool chain are necessary)

C92 Deficiencies with the tool 

support

9
 T

o
o

ls

Occurrence Frequency Cri�cality
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3.2 Which tools do you use during the test definition phase of
the test process for which use case (e.g., test case determina-
tion, test case documentation, test case implementation, test
case automation, error management, test process management,
communication)?

3.3 What other challenges do you observe in your daily work in
the context of testing?

4 further remarks

4.1 What other comments do you have?
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c.1 preliminary questionnaire

personal background

How old are you?

l 20 – 24 l 25 – 29 l 30 – 34 l 35 – 39 l 40 – 44

l 45 – 49 l 50 – 54 l 55 – 59 l 60 – 64 l 65 – 70

Which language is your mother tongue?

l German l English l Other:

Which company do you belong to?

l Daimler l I am not an employee at Daimler

general information about reviewing

In my current activity in the test process ...

l I define the test strategy
(i. a. definition of test objectives, description of test levels, sequence of integration,
determination of test effort and costs).

l I create and reconcile the test plan
(i. a. description of the test object, the test environment, test design procedures).

l I determine and document test cases myself
(i. a. testability evaluation of the requirements, application of suitable test case deriva-
tion procedures, definition of a test case specification).

l I manage testing data
(i. a. analysis, generation and provision of test data).

l I implement and automate test cases
(i. a. creation of test scripts).

l I execute test cases and document test results
(e.g., execution of tests, creation of test protocols).

l I review/check test cases/test case specifications
(i. a. structural and semantic testing of test cases).

l I plan and coordinate the test activities to be carried out
(e.g., Test planning, control of test progress, creation of test reports).

l I commission the creation of test cases/test case specifications
(e.g., with an external service provider).
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How long have you been carrying out this activity?

l less than 1 year l 1 to 3 years l 4 to 9 years l 10 years and longer

How do you rate your experience in reviewing?

l Beginner l Advanced
l Beginner

l Competent
l Practitioner

l Experienced
l Practitioner

l Practitioner
l Expert

Have you ever conducted a review for a test case specification?

l yes l no

How often do you conduct reviews?

l daily l weekly l monthly l half-yearly l once a year

Do you already use checklists or guidelines for conducting your
reviews?

l yes l no

Do you find these checklists or guidelines helpful?

l not helpful l rather not
l helpful

l partly
l helpful

l rather
l helpful

l very helpful

Do you conduct computer-aided reviews?

l Only with pen and paper

l I use standard software (e.g., MS Excel)

l I use a special review tool

l Partly automated (e.g., some metrics are calculated by tools)

l Filly automated (i.e., the review is generated automatically)
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c.2 instructions for conducting the review

what documents do you receive to conduct your review?

1 . Review checklists with which you perform the review
2 . Documentation on the structure and use of the review checklists
3 . Test Case Specification User Guide (Version 2.0) for information

of the current Test Case Specification Template

how do you conduct the review?

1 . Define the scope you want to review at the beginning and doc-
ument it. For example, list the selected test cases, chapters, etc.
under “6. General Remarks” on the worksheet “General”.

2 . Decide on at least one review dimension that defines the perspec-
tive for which you want to perform the review. If you choose the
dimension Methodical Review I, please select a further dimension.
See the brief instructions on the next page for the dimension
definition.

3 . Answer the questions of the dimension(s) you have selected on
the corresponding worksheet – for example, Content Review I
(Department) – for the amount of test cases you have selected for
review.

4 . Perform an individual test case review for at least 10 test cases
(see worksheet: Individual Test Case Review).

5 . When you are finished, please do not forget to complete the
questionnaire ;-)

please note the following when performing the review :

l Write down any problems or questions regarding the checklists
or documentation you encounter during the review!

l Read the following Review Quick Start Guide (see next page).
l Note the comments in the review checklists. These contain infor-

mation on the respective checklist questions and may help you.
l If you encounter problems with the review guideline or the

checklists that make it impossible for you to continue the review,
please contact me.
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review quick start guide

basic principle : The evaluation of the quality of the test case
specification is not trivial and may vary depending on the perspec-
tive of the reviewer (e.g., developer, system manager, tester, external
engineering partner). In order to conduct a comprehensive review, a
multidimensional review is therefore recommended, which considers
different dimensions and roles.

dimensions and rolls : Dimensions refer to the assessment of
the quality of the test case specification against one or more reference
documents. For example, the quality can be assessed by a reviewer
with regard to the conformity to the Test Case specification User
Guide, i.e., whether corresponding specifications of the template have
been adhered to. The review guideline distinguishes between five
dimensions, to which documents and roles are assigned. The following
table provides an overview:

Dimensions

Methodical Methodical Content Content Safety-

Review I Review II Review I Review II relevant

Reference Documents Review

Test Case Specification User
Guide

 – – – –

Requirement Specification – –  – 

Test platform-specific
Demands

– � –  –

Test Plan  – – �

ISO 26262 – – � – �

QMH – – � – 

... ...

Project-specific Documents � � � � �

Role Methodol-
ogist I

Methodol-
ogist II

Specialist
Department

Tester Functional
Safety

Manager /
Engineer

 recommended reference document,� optional reference document, – not recommended reference document

The listed documents can be supplemented by further project-
specific documents, which can be assigned to the respective dimen-
sions. The roles Methodologist I and II refer to persons who are
familiar with the test case specification user guide or the correspond-
ing test plan, so that a valid statement can be made about the degree
of fulfillment of the test case specification in relation to these doc-
uments. The role of department refers to persons who are particu-
larly able to evaluate the content of the corresponding test cases, i.e.,
whether it is really tested what is specified in the requirements and
is technically possible.
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The role tester refers to persons of the corresponding test plat-
forms who can, for example, give an assessment as to whether the
corresponding test cases are suitable for the respective test platform.
The role of the Functional Safety Manager/Engineer is usually only
considered for safety-critical systems.

worksheets in ms excel : The MS Excel file is divided into four
main parts:

1 . Cover sheet with general and organizational information about
the review (worksheet: “General”)

2 . An overview of all the questions asked in the review (worksheet:
“Review Overview”)
Remark: In this overview nothing may be edited! The results are
aggregated from the following spreadsheets.

3 . Worksheets containing checklist questions relevant to the re-
spective dimension: Methodical Review I, Methodical Review
II, Content Review I (Department), Content Review II (Tester),
Safety relevant Review

4 . Template for the assessment of individual test cases (worksheet:
“Individual Test Case Review”)
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c.3 final questionnaire

How certain did you feel about conducting the review?

l not certain l rather not
l certain

l partly
l certain

l rather
l certain

l very certain

How confident do you feel that you have contributed to a significant
improvement in the quality of this test case specification?

l not confident l rather not
l confident

l partly
l confident

l rather
l confident

l very confi-
dent

Do you find the review checklists helpful?

l not helpful l rather not
l helpful

l partly
l helpful

l rather
l helpful

l very helpful

I would recommended the review checklists to a colleague!

strongly disagree l l l l l strongly agree

The review checklists give me a better understanding of what con-
stitutes a qualitative test case specification!

strongly disagree l l l l l strongly agree

The following aspects are not considered by the review checklists:
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levenshtein similarity

The Levenshtein similarity siml is a normalization of the Levenshtein
distance distl based on the length of the strings to be compared. Since
the Levenshtein distance indicates the number of operations (dele-
tions, insertions, and reversals) necessary to transform one string
s1 into an other string s2 [122], the Levenshtein distance increases
with increasing string length and is therefore not comparable to other
string comparisons. Hence, the Levenshtein distance is normalized as
follows:

siml(s1, s2) = 1�
(

distl(s1, s2)
max(|s1|, |s2|)

)

where: distl(s1, s2) = Levenshtein distance between the

first and second string

|s1| = length of the first string (number of characters)

|s2| = length of the second string (number of characters)

jaro similarity

The Jaro similarity simj is a metric for calculating the edit distance
between tow strings s1 and s2. It returns a normalized value between
0 and 1, where 0 indicates no similarity between the strings and 1 an
exact match [97]. It is calculated as follows:

simj(s1, s2) =

$&
%

0 if m = 0,
1
3

(
m
|s1| +

m
|s2| +

m�t
m

)
otherwise

where: m = number of matching characters that appear

in the first and second string

t = number of transpositions

|s1| = length of the first string (number of characters)

|s2| = length of the second string (number of characters)
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jaro-winkler similarity

The Jaro-Winkler similarity simjw is a variation of the Jaro similarity simj,
where strings starting with the same characters are rated as more
similar using a prefix scale [187]. The calculation is done depending
on the Jaro similarity as follows:

simjw(s1, s2) = simj(s1, s2) + i � p
(
1� simj(s1, s2)

)
where: i = prefix scale, i.e., number of matching prefix

characters (1 ¤ i ¤ 4)

p = constant scaling factor (default: p = 0.1)

trigram similarity

The Trigram similarity simt is based on contained n-gram (also called
q-gram) [173] in the phrases to be compared with n = 3 and the Jaccard
similarity coefficient [96]. A n-gram is a sequence of n successive words
(tokens). Depending on the number of tokens, there are different
names for n-grams, such as monogram (n = 1), digram (n = 2),
trigram (n = 3), tetragram (n = 4), etc.

The Trigram similarity simt of two phrases p1 and p2 as used in this
thesis is calculated using the Jaccard similarity coefficient [96] based
on the number of matching trigrams and unique trigrams as follows:

simt(p1, p2) =
|tri(p1)X tri(p2)|
|tri(p1)Y tri(p2)|

where: tri(p1) = set of trigrams in the first phrase

tri(p2) = set of trigrams in the second phrase
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e.1 usability study tasks

introduction

To ensure the correct functionality of E/E systems in the automo-
tive sector, vehicle functions are extensively tested during various
development phases. Daimler AG, as OEM, is especially responsible
for carrying out system integration and entire vehicle tests. Testing
follows certain guidelines (e.g., ISO 26262, Automotive SPICE). A
central component of the test process are test case specifications,
which document all test cases required to validate a system or com-
ponent. Test cases describe the test steps to be performed for the
test execution, which are to be understood as a list of actions to be
performed and their corresponding expected results. In addition, a test
case documents a general test description (purpose of the test), has a
unique ID, any applicable preconditions and post-conditions as well
as automotive-specific attributes (e.g., assigned test platform, model
series, variants, etc.). Test cases are usually derived from previously
specified requirements.

A very simplified example of a test case could look like this:

Requirement As long as the horn button on the steering wheel is pressed, the
horn should sound.

Test Case

Action Expected Result

Press and hold the horn Sound of the horn

Release the horn Horn falls silent

As you can imagine, with such textual requirements, certain phrases
or words may be ambiguous and lead to misunderstandings of actions
or misinterpretations of results. For example, there is a decisive differ-
ence between an “active” electronic theft warning system (EDW) and
an “activated” EDW. In the first case the EDW has been triggered, in
the second case it was armed. By using a controlled language for test
case documentation, ambiguities, which are mostly caused by natural
language test case descriptions (prose), are to be avoided. For this
purpose, the SofTSpeC Framework was developed, which ensures the
consistent use of specific technical terms and supports template-based
documentation of test cases. You can only combine sentence compo-
nents according to the defined rules. Within the scope of this study, it
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will be your task to define suitable test cases for a system from given
requirements using the SofTSpeC Editor.

system : speed regulation

To increase driving comfort, Mercedes-Benz offers the speed con-
trol system as an optional extra in its vehicles. The speed control
system includes the following functions that can be experienced by
the customer:

Cruise control: The vehicle automatically maintains a set speed.

Speed limit (Speedtronic): The vehicle does not exceed a set speed.

The functions can be controlled via the cruise control or speed limi-
tation lever on the side of the steering wheel. Below you will find the
relevant control units for this function, which the customer can read
in the operating instructions for his vehicle:

1

4

35

6

2

1© Save current or higher speed

2© LIM control lamp

3© Save current speed or recall last saved speed

4© Save current or lower speed

5© Switching between TEMPOMAT and variable SPEEDTRONIC

6© Turning off the TEMPOMAT

Figure E.1: TEMPOMAT lever1
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task 1 – typing

To familiarize yourself with the SofTSpeC framework and the speed
control system templates, first open the “Test Steps” tab of Test Case

“Task 1”. Fill the four empty test steps with content by simply typing in
the table below.

Test Steps for Test Case “Exercise 1”

Name Actions Expected Results

Typing 1 - Press the "accelerator" pedal
until "vTarget" is exceeded.

- Vehicle reacts to "Driver
acceleration setting".

Typing 2 - Move the "Speed limit lever"
control element "upwards" to the
"Limit_on" position.

- Speed limit" increased by
5 km/h to "vLimit
- Vehicle drives with
"vIst" < "vLimit"

Typing 3 - Press the "Speed limit" button. - Function "Speed limit" is
"deactivated".

Typing 4 1. Move the control element
"Tempomat lever" "towards you"
to the "Tempomat_on" position
AND do not operate the
"accelerator pedal
2. Now wait 5 s

- Cruise control" function
"Approaches the vehicle speed by
controlling the acceleration to the
"vTarget" speed (when activated)
of the vehicle".
- Vehicle drives with
"vTarget" ~ 50 km/h

task 2 – create

Now open the Test Steps for Test Case “Exercise 2”. A test step has
already been created for each of the following requirements. Use the
SofTSpeC editor to derive suitable “actions” and “expected results”
for each test step on the basis of the given requirement using the
templates.

Test Steps for Test Case “Exercise 2”

Test Step Name Requirement

Deactivate speed limit An active speed limit can be deactivated again by
pressing the "Speed limit" button.

Activate cruise control If the "Tempomat lever" control element is moved
towards itself to the "Tempomat_on" position and
the accelerator pedal is not pressed, then waiting for
5 seconds, the "cruise control" function approaches
the vehicle speed by controlling the acceleration to
the speed vCurrent. The vehicle thus drives with
"vTarget" ~ 50 km/h.
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task 3 – creating for advanced users

Now open the Test Steps for Test Case “Exercise 3”. A test step has
already been created for each of the following requirements. Use the
SofTSpeC editor to derive suitable “actions” and “expected results”
for each test step on the basis of the given requirement using the
templates.

Test Steps for Test Case “Exercise 3”

Test Step Name Requirement

Speed adjustment
upwards

If the driver pushes the cruise control lever upwards
while the cruise control is activated and waits 10

seconds, the target speed of the cruise control is
increased by 10 km/h.

Activate cruise control The cruise control is activated with the cruise control
lever pointing upwards, while the accelerator pedal
is not pressed and the vehicle waits 5 seconds.

Deactivate cruise control If the parking brake is applied after 10 seconds, the
cruise control is deactivated.

task 4 - create and customize

If the previous requirements were deliberately selected so that the
contained keywords match those of the SofTSpeC framework, the
following requirements contain different keywords. Now open the
Test Steps for Test Case “Exercise 4”. A test step has already been
created for each of the following requirements. Use the SofTSpeC
editor to derive suitable “actions” and “expected results” for each test
step on the basis of the given requirement using the templates.

Test Steps for Test Case “Exercise 4”

Test Step Name Requirement

Cruise control speed
adjustment

If the driver pushes the speed regulator down and
waits 10 seconds, the target speed of the regulator is
reduced by 10 km/h.

Activate speed limit By pressing the speed control key, the speed is lim-
ited to the current actual speed and the vehicle con-
tinues to drive below this value.

Deactivate speed limit Pressing the tempo control key again deactivates the
tempo limitation to the currently set speed.
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task 5 - customize dictionary

The templates provided by the SofTSpeC framework can be adapted,
extended or supplemented with special rules at a central location in
a dictionary. For example, new control elements can be added, but
certain combinations can also be prohibited. In the dictionary, adjust
the definitions/rules of the actions and the expected results as follows.
You reach the dictionary via the upper menu bar “Add-ons” Ñ “Edit
dictionaries”.

expected results

1. Extend the “Function” template
Add the “active” state to the “state” set so that the cruise control
can assume this state.

2. Add a new object to the “Parameter” template
Create a new parameter “Speed control” in the set
“speedParameter”.
Allow the new parameter all values of the set “speedStates”.

actions

3. Revise template
Extract “up” and “down” from the “directions” set into a new
set whose name you can freely choose. Adjust the condition of
the “cruise control lever” accordingly.
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e.2 questionnaire

organizational

Participant ID:

1 nasa raw tlx questionnaire

Mental Demand 
How much mental and perceptual activity was 
required (e.g. thinking, deciding, calculating, 
remembering, looking, searching, etc.)? Was the 
task easy or demanding, simple or complex, 
exacting or forgiven?  
 

          

                    

  

Physical Demand 
How much physical activity was required (e.g. 
pushing, pulling, turning, controlling activity, 
etc.)? Was the task easy or demanding, slow or 
brisk, slack or strenuous, restful or laborious? 
 

          

                    

   

Temporal Demand 
How much time  pressure did you feel due to the 
rate or pace at which the tasks or task elements 
occurred? Was the pace slow and leisurely or rapid 
and frantic? 
 

          

                    

   

Performance 
How successful do you think you were in 
accomplishing the goals of the task set by the 
experimenter (or yourself)? How satisfied were you 
with your performance in accomplishing these 
goals?  

 

          

                    

   

Effort 
How hard did you have to work (mentally and 
physically) to accomplish your level of 
performance?  
 

          

                    

   

Frustration 
How insecure, discouraged, irritated, stressed and 
annoyed versus secure, gratified, content, relaxed 
and complacent did you feel during the task?           
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2 system usability score (sus) questionnaire

  
Strongly 
Disagree  

Strongly 
Agree 

1 
I would like to use the template-based 
approach frequently.      

2 
I found the template-based approach 
unnecessarily complex.      

3 
I thought the template-based approach was 
easy to use.      

4 
I think that I would need the support of a 
technical person to be able to use the 
template-based approach. 

     

5 
I found the template-based approach was 
well integrated in the tool.      

6 
I thought there was too much inconsistency 
in the template-based approach.      

7 
I would imagine that most people would 
learn to use the template-based approach 
very quickly. 

     

8 
I found the template-based approach very 
cumbersome to use.      

9 
I felt very confident using the template-based 
approach.      

10 
I needed to learn a lot of things before I 
could get going with the template-based 
approach. 

     

  1 2 3 4 5 
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3 pro/contra and free text questions

3.1 Which functions, features and aspects of the SofTSpeC Editor
did you notice positively and why?

3.2 Which functions, features and aspects of the SofTSpeC Editor
did you notice negatively and why?

3.3 Did the SofTSpeC Editor make your work easier?

l no l rather no l neutral l rather yes l yes

3.4 Suppose you had to do the same tasks again, but now have the
choice between using the SofTSpeC Editor or DOORS as a tool.
What would you choose?

l DOORS l SofTSpeC Editor
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4 final questions

4.1 Do you have a driving license?

l yes l no

4.2 How old are you?

l 20 – 24 l 25 – 29 l 30 – 34 l 35 – 39 l 40 – 44

l 45 – 49 l 50 – 54 l 55 – 59 l 60 – 64 l 65 – 70

4.3 Which language is your mother tongue?

l German l English l Other:

4.4 Are you interested in automobiles in your free time?

l yes l no

4.5 Have you already worked with NESSIE in the past in productive
use?

l yes l no

4.6 Have you been involved in the specification of tests in the past?

l yes l no

4.7 If so, how many test specifications have you been involved in?

4.8 Which tool(s) did you use?

l DOORS l NESSIE l Other:

4.9 Do you have any suggestions on how we could improve the
SofTSpeC Editor?





F
M AT E R I A L F O R T H E C O N T R O L L E D E X P E R I M E N T

f.1 preliminary questionnaire

organizational issues

1. Introduction to the experiment l

2. Sign declaration of consent l

3. Date:

4. Participant ID:

1 personal background

1.1 Which language is your mother tongue?

l German l English l Other:

1.2 What are you studying?

l Computer Science l Media Informatics

l Business Information Systems l Software Engineering

l Electrical Engineering Mathematics

l Business Administration l Psychology

l Other: l I do not study

1.3 What will be your final degree?

l Bachelor l Master l Diploma l Doctorate

1.4 What semester are you studying in?

l 1. – 2. Semester l 3. – 4. Semester l 5. – 6. Semester

l 7. – 8. Semester l 9. – 10. Semester l 11. and higher Semester

299
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2 general information about testing

2.1 Which software testing courses have you attended?

l Software Engineering l Basic Software Project

l Software Quality Assurance l Programming of Systems

l Model Driven Software Engineering l Management of Software Projects

l Other Courses:

l None of the courses attended had references to software testing.

2.2 How do you rate your experience in programming? (any pro-
gramming language)

l Beginner l Advanced
l Beginner

l Competent
l Programmer

l Experienced
l Programmer

l Programming
l Expert

2.3 Did you ever write a test case?

l yes l no

2.4 How do you rate your experience in the field of testing?

l Beginner l Advanced
l Beginner

l Competent
l Tester

l Experienced
l Tester

l Test
l Expert

2.5 Do you have knowledge in the formal specification of software
(e.g., Statecharts, formal languages like Z or VDM, Petri nets)?

l no
l knowledge

l little
l knowledge

l partial
l knowledge

l good
l knowledge

l very good
l knowledge

3 other

3.1 I use ...

l a microwave l a baking oven

l a fully automatic coffee machine l a coffee machine
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f.2 instructions for the first study phase

task : In the following, your task is to specify test cases for prede-
fined test scenarios with the aid of a test purpose description and the
associated requirements.

context : In this study, a test case always consists of a test purpose
description and a set of test steps (see Figure F.1). A distinction is made
between init steps and run steps. In init steps the valid preconditions
are described, which are necessary to put the system to be tested into
a state, in which the actual test steps (run steps) are to be executed
afterwards. Since init steps are usually descriptions of valid conditions,
the specification of expected results for init steps is optional. A run
step consists of actions to be performed and, as a result of these actions,
expected results to be checked.

Test Case

Test Steps

Run Step 1 Action Expected Result

Run Step 2 Action Expected Result

…

Init Step 1 (≙ Pre Conditions) Action (≙ Conditions) Expected Result (optional)

Test Purpose Description 

Figure F.1: Schematic structure of a test case

tool : You document the test cases in a tool called NESSIE (see Fig-
ure F.2). The test cases have already been created for you. They contain
a description of the test purpose as well as linked requirements.

Created Test Cases

Test Case Editor

Test Purpose Description

Description of the Test Steps

Linked Requirements

Figure F.2: Overview of the areas in the tool NESSIE



302 material for the controlled experiment

The name of the test case and the description of the test purpose
are already documented in the test case editor. The test steps are
documented under the Test Steps tab. For each test case, an initial
init step with the name “Preconditions” and a run step with the name

“Test Step 1” have been created. To edit these, double-click the test step
in the table. This opens a dialog for editing the test step (see Figure
F.3). New test steps can be created using the “Add Test Step” button.
With the buttons “« Previous Test Step” or “Next Test Step »” you can
navigate between the test steps. In the Classification area (top right of
the dialog) you can select whether you want to create an Init or Run
Step. It is best to use these buttons to navigate between the test steps.
Be sure to exit the dialog with the “Ok” button so that the inputs are
saved.

Figure F.3: Dialog to edit a test step

Let’s go!

Now please complete the test case description (actions and expected results)
for the given test cases!

Recommended procedure:

1. Open test case

2. Read test purpose description

3. Identify and read linked requirements

4. Define actions and expected results

5. Create new test steps if necessary
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f.3 instructions for the second study phase

task : Your task now is to specify test cases for another system. As
a basis, test scenarios are predefined, and test purpose descriptions as
well as associated requirements exist.

special feature : Instead of describing the test case description
in natural language as in the first study phase, templates should now
be used. The following templates are available for your system:

system a : fully automated coffee machine (cm)

Templates for the description of actions (init steps):

Definition von Vorbedingungen – Zustandsbeschreibungen 
Init: <Object> ist <Status> 
Init: <Object> ist <Status> 

Init: “Tropfschale” ist “leer” 
Init: “Wassertank”  ist “gefüllt 

Definition von Vorbedingungen – Parameterdefinitionen  
Param: <Parameter> = <Wert> Param: “Getränkeauswahl_Pos” = “klein” 

Param: “Füllstand_Wassertank”  > "min" 
Param: “Füllstand_Tropfschale” < "max" 

Templates for the description of actions (run steps):

Funktionsbeschreibung für Tastenbedienelemente 
Taste <ButtonName>                        drücken  
Taste <ButtonName> für <Zahl> sec         drücken 
Taste <ButtonName> in Position <Position> drücken 

Taste “START”                            drücken 
Taste “off/i”            für 3 sec       drücken 
Taste “Netzschalter O/I” in Position “I” drücken 

Funktionsbeschreibung für Drehknopfbedienelemente 
Drehknopf <RotaryButtonName> in Position <Position> drehen 
 
 
Drehknopf <RotaryButtonName> nach rechts           drehen 

Drehknopf “Getränkeauswahl” in Position “MITTLERER KAFFEE” drehen 
Drehknopf “Getränkeauswahl” in Position “GERÄT SPÜLEN”     drehen 
Drehknopf “Kaffeestärke”    in Position “STARK”            drehen 
Drehknopf “Getränkeauswahl” nach rechts                   drehen 

Definition von Wartezeiten 
Nun <Zahl> (sec | min) warten Nun 5 sec warten

Durchzuführende Interaktionen 
Tasse unter <Place> platzieren 
 
<Object> <Interaction> 
 
<Object> <Interaction> und <Interaction2> 

Tasse unter “Kaffeeauslauf” platzieren 
Tasse unter “Milchauslauf” platzieren 
“Milchschäumer” ”herausziehen”  
“Milchschäumer” ”hineindrücken”  
“Tropfschale”   “einsetzen” 
“Tropfschale”   “entnehmen” und “entleeren” 
“Wassertank”   “entnehmen” und “frisches Wasser bis zur Markierung  
                                                      MAX einfüllen” 

Zubereitung von heißer Milch/Milchschaum 
Taste <ButtonName>        drücken  
Drehwähler auf <Position> stellen 
Milchschlauch in <Object> einführen 

Taste “Dampf erzeugen”           drücken 
Drehwähler auf “Milchschaum”     stellen 
Milchschlauch in “Milchbehälter” einführen 

Templates for the description of expected results:

Anzeige von Einstellungen im Display (für Getränkeauswahl und Kaffeestärke)  
Display zeigt                        Einstellung <Message> an  
Display zeigt für die Dauer von <Zahl> sec Einstellung <Message> 
an 

Display zeigt                     Einstellung “KLEINER KAFFEE” an 
Display zeigt für die Dauer von 1 sec Einstellung “STARK”      an 

Anzeige von Meldungen im Display 
Display zeigt während <Event>              Meldung <Message> an 
Display zeigt nach <Event>                 Meldung <Message> an 
Display zeigt Meldung <Message1> und <Message2> im Wechsel an 

Display zeigt während “Spülvorgang” Meldung “GERÄT SPÜLT”      an 
Display zeigt nach    “Zubereitung” Meldung “MITTLERER KAFFEE” an 
Display zeigt Meldung “TANK FÜLLEN” und “ENTKALKER EINFÜLLEN” im 
Wechsel an 

Anzeige von Menüeinträgen im Display 
Display zeigt Menüeintrag <MenueEntry> an Display zeigt Menüeintrag “CALC N CLEAN” an

Display zeigt Menüeintrag “START ENTKALKEN” an 

Definition von Parameteränderungen  
Param: <Parameter> = <Wert> Param: “Entkalken_State” = “ok” 

Ereignisse mit Tasten  
Taste <ButtonName> fällt auf Position <Position> zurück 
Taste <ButtonName> blinkt <FlashingLight> 

Taste “Netzschalter I/O” fällt auf Position “O” zurück 
Taste “Dampf erzeugen” blinkt “rot” 

Zustand des Geräts und Vorgangsbeschreibungen  

<Device> ist <State> 
<Operation> startet 

“KVA” ist “vollständig ausgeschalten” 
“Spülvorgang” startet 
“Kaffeezubereitung” startet 
“Aufheizen der Milch” startet 
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system b : microwave (mw)

Templates for the description of actions (init steps):

Definition von Vorbedingungen – Zustandsbeschreibungen 
Init: <Object> ist <Status> Init: “MW” ist “eingeschalten” 

Init: “Tür”  ist “geschlossen” 

Definition von Vorbedingungen – Parameterdefinitionen  
Param: <Parameter> = <Wert> Param: “MW_State” = “betriebsbereit” 

Param: “Time_Format” = “12H” 
Param: “Garprogramm_Selection” = “microwave” 
Param: “Watt” = “900” 

Definition von Vorbedingungen – Timer  
Timer: noch HH:MM min verbleibend Timer: noch 01:30 min verbleibend 

Templates for the description of actions (run steps):

Funktionsbeschreibung für Tastenbedienelemente 
Taste <ButtonName> kurz              drücken  
 
Taste <ButtonName> für <Number> sec  drücken 
Taste <ButtonName> <Number> Mal      drücken 

Taste “Zeit/Gewicht”       kurz        drücken 
Taste “Start/Schnellstart” kurz        drücken 
Taste “Zeit/Gewicht”       für 3 sec   drücken 
Taste “Mikrowelle”         5 Mal       drücken 

Funktionsbeschreibung für Drehreglerbedienelement
Drehregler <RotaryButtonName> drehen bis zum nächsten Einrastpunkt  
Drehregler <RotaryButtonName> drehen bis Anzeigenfeld HH:MM anzeigt 

Drehregler “Zeit/Menü” drehen bis zum nächsten Einrastpunkt  
Drehregler “Zeit/Menü” drehen bis Anzeigenfeld 15:00 anzeigt 

Definition von Wartezeiten 
Nun <Zahl> (sec | min) warten 
Nun HH:MM (sec | min) warten

Nun 5 sec warten            
Nun 01:30 min warten 

Durchzuführende Interaktionen 
<Object> <Interaction> 
 

“Tür” “öffnen”  
“Tür” “schließen bis Türverriegelung einrastet”  

Templates for the description of expected results:

Anzeige von Funktionsanzeigen (z.B. für Zeiteinstellungen) 
Anzeigenfeld zeigt Funktionsanzeige <TimeFormatMessage> an 
Anzeigenfeld zeigt blinkende <TimeMessage>              an 

Anzeigenfeld zeigt Funktionsanzeige “24 H”    an 
Anzeigenfeld zeigt blinkende “Stundenanzeige” an 
Anzeigenfeld zeigt blinkende “Minutenanzeige” an 

Anzeige von Leistungsstufen (z.B. Einstellungen für Garprogramm) 
Anzeigenfeld zeigt Leistungsstufe <SettingMessage>      an Anzeigenfeld zeigt Leistungsstufe ”P-60 (540 Watt)” an 

Anzeigenfeld zeigt Leistungsstufe ”GRL”             an 

Anzeige von Meldungen (z.B. Ende des Garprozesses) und Zeiten 

Anzeigenfeld zeigt  Meldung <Message> an 
Anzeigenfeld zeigt  Zeit    HH:MM     an 

Anzeigenfeld zeigt  Meldung ”END”  an 
Anzeigenfeld zeigt  Zeit    05:00  an 

Signaltöne 
Signalton ertönt <Number> <Event> Signalton ertönt “einmal”  “beim Drücken der Taste” 

Signalton ertönt “einmal”  “bei jedem Tastendruck“  
Signalton ertönt “einmal”  “nach 3 sec”  
Signalton ertönt “viermal” “nach Ende des Garprogramms” 

Definition von Parameteränderungen 
Param: <Parameter> = <Wert> Param: “Time_Format” = “24H” 

Param: “Watt” = “540”  
Param: “Garprogramm_Selection” = “microwave” 

Vorgangsbeschreibungen 

<Process> wird <Action> “Garprogramm“ wird "gestartet"     
“Garprogramm“ wird "beendet"  
“Garprogramm“ wird "unterbrochen"  
“Garprogramm“ wird "fortgesetzt" 
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tool : The NESSIE tool has editors that are familiar with these
templates. If you press the CTRL + Space key combination in the
dialog for editing the test steps, suggestions appear for what you can
write here. Figure F.4 shows an example of how to enter parameters
and lists all available parameters.

Figure F.4: Display of suggestions after pressing the shortcut CTRL + Space

Let’s go!

Now please complete the test case description (actions and expected results)
for the given test cases!

IMPORTANT: Use the templates on the previous page!

Recommended procedure:

1. Open test case

2. Read test purpose description

3. Identify and read linked requirements

4. Look at the templates and examples!

5. Define actions and expected results

6. Create new test steps if necessary
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f.4 tasks for system a : fully automated coffee machine

test case 1

The following test cases are sequentially based on each other. The prerequisites for the first test

case are that the fully automated coffee machine (CM) is switched off, the water tank contains

enough water, the bean container contains enough beans and the drip tray is empty. Finally, a

small mild coffee was prepared.

ID Test Case Purpose Requirements

TC-
CM-
001

Switch on CM (Basic Flow)
The CM should be switched on and it should be checked
whether the flushing program is activated automatically. Then
wait until the flushing program has run through.

Req–CM–003,
Req–CM–004,
Req–CM–008,
Req–CM–002

Requirements relevant for Test Case 1:

ID Requirement Relationship

Req-
CM-
003

Switch on CM
The system CM must allow the user to switch on the device.
When the device has been switched on, the system CM must
initialise the device.

–

Req-
CM-
004

Initialize CM
While the device is initializing, the system CM must indicate
this to the user. If the device has been initialized and there are
no malfunction scenarios, the system CM must start the flushing
process automatically.

Req-CM-008

Req-
CM-
008

Flushing Process
The system CM must indicate to the user during the flushing
process that the flushing process is active. The flushing process
takes five seconds. When the flushing process is complete, the
system CM must display the last drink selection that was set.

Req-CM-004,
Req-CM-002

Req-
CM-
002

Display
The system CM must show settings, menu items, messages and
faults on the display.

–
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test case 2

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
CM-
002

Prepare Coffee – Black, Strong, Medium (Basic Flow)
The correct preparation of a coffee (black, strong, medium)
should be checked. For this purpose, the reactions of the system
to the settings of the drink selection and the coffee strength
should be checked. The coffee preparation must then be started.

Req–CM–012,
Req–CM–009,
Req–CM–010,
Req–CM–011,
Req–CM–002

Requirements relevant for Test Case 2:

ID Requirement Relationship

Req-
CM-
012

Prepare Coffee
The system CM must allow the user to select the quantity and
strength of coffee and then start the coffee preparation.

Req–CM–009,
Req–CM–010,
Req–CM–011

Req-
CM-
009

Set Drink Selection
The system CM must allow the user to select the desired quan-
tity. If a drink has been selected, the system CM must show the
selection permanently on the display. It is possible to choose
between one or two cups and between five coffee sizes.

Req-CM-002

Req-
CM-
010

Setting the Coffee Strength
The system CM must allow the user to select the coffee strength.
There is a choice of six strength levels. When a strength level is
selected, the system CM must show the selected strength level
on the display for one second.

Req-CM-002

Req-
CM-
011

Start Coffee Preparation
The system CM must allow the user to start coffee preparation.
As long as the coffee preparation is running, the system CM
must indicate to the user that the preparation is active. When
coffee preparation is complete, the system CM must display the
last drink selection that was set. If an error message is displayed,
the system must not start coffee preparation.

Req-CM-002

Req-
CM-
002

Display
The system CM must show settings, menu items, messages and
faults on the display.

–
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test case 3

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
CM-
003

Prepare Coffee – Black, Double Shot ++, Small
(Alternative Flow: Drip Tray Full, Water Tank Empty)
To test the correct preparation of a coffee (black, double shot
++, small) under the presence of a malfunction scenario. The
malfunction message for the drip tray must be displayed before
the malfunction message for the water tank. After eliminating the
malfunctions, settings for coffee preparation must be correctly
accepted by the system and it must be possible to start coffee
preparation.
To stimulate the malfunction messages, the drip tray must be full and
the water tank must contain less water than is required for preparation.

Req–CM–019,
Req–CM–020,
Req–CM–021,
Req–CM–022,
Req–CM–012,
Req–CM–009,
Req–CM–010,
Req–CM–011,
Req–CM–002

Requirements relevant for Test Case 3:

ID Requirement Relationship

Req-
CM-
019

Water Tank Empty
If the water tank is empty or has a level less than the minimum
level, the system CM must indicate this to the user.

Req–CM–001,
Req–CM–002

Req-
CM-
020

Water Tank Removed
When the water tank is removed, the system CM must prompt
the user to reinsert the tank.

Req-CM-002

Req-
CM-
021

Drip Tray Full
When the drip tray is full, the system CM must indicate this to
the user. The message that the drip tray is full has higher priority
than the message of an empty water tank.

Req-CM-001,
Req-CM-002

Req-
CM-
022

Drip Tray Removed
When the tray is removed, the system CM must prompt the user
to reinsert the tray.

Req-CM-002

Req-
CM-
012

Prepare Coffee
The system CM must allow the user to select the quantity and
strength of coffee and then start the coffee preparation.

Req–CM–009,
Req–CM–010,
Req–CM–011

Req-
CM-
009

Set Drink Selection
The system CM must allow the user to select the desired quantity.
If a drink has been selected, the system CM must show the selec-
tion permanently on the display. It is possible to choose between
one or two cups and between five coffee sizes.

Req-CM-002

Req-
CM-
010

Setting the Coffee Strength
The system CM must allow the user to select the coffee strength.
There is a choice of six strength levels. When a strength level is
selected, the system CM must show the selected strength level on
the display for one second.

Req-CM-002

Req-
CM-
011

Start Coffee Preparation
The system CM must allow the user to start coffee preparation.
As long as the coffee preparation is running, the system CM must
indicate to the user that the preparation is active. When coffee
preparation is complete, the system CM must display the last
drink selection that was set. If an error message is displayed, the
system must not start coffee preparation.

Req-CM-002

Req-
CM-
002

Display
The system CM must show settings, menu items, messages and
faults on the display.

–
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test case 4

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
CM-
004

Kaffee zubereiten – Latte Macchiato (Normaler Ablauf)
Die korrekte Zubereitung eines Latte Macchiato soll überprüft
werden. Um den Test zu initialisieren, ist es notwendig, den
Milchschlauch und den Milchbehälter zu positionieren und den
Drehwähler einzustellen. Dann ist die korrekte Funktion des
Milchschäumers zu überprüfen, indem 5 Sekunden lang Milch-
schaum aus dem Milchschäumer läuft und ein Kaffee (schwarz,
stark, klein) zubereitet wird.*

Req–CM–013,
Req–CM–015,
Req–CM–012,
Req–CM–009,
Req–CM–010,
Req–CM–011,
Req–CM–002

* The information on this test case was intentionally presented to the participants in a
different language.

Requirements relevant for Test Case 4:

ID Requirement Relationship

Req-
CM-
013

Einstellen des Milchschaums
Das System CM muss es dem Benutzer die Möglichkeit bieten,
die Zubereitung von Milchschaum einzustellen.

–

Req-
CM-
015

Milchschaum/warme Milch zubereiten
Das System CM muss dem Benutzer die Möglichkeit bieten,
Milchschaum/warme Milch zuzubereiten. Nach dem Start des
Prozesses durch den Benutzer muss das System CM die Milch
20 Sekunden lang erhitzen und den Benutzer über den Er-
hitzungsprozess informieren. Wenn die Milch erwärmt ist, muss
das System CM den Benutzer informieren, damit er den Milch-
schäumer ziehen kann und die Milch aus dem Milchauslass läuft.
Das System CM muss dem Benutzer die Möglichkeit bieten, die
Menge an Milchschaum/warmer Milch, die aus dem Milchauslauf
austritt, mit dem Milchschäumer zu regulieren.

Req-CM-013

Req-
CM-
012

Kaffee zubereiten
Das System CM muss dem Benutzer die Möglichkeit bieten die
Menge und die Kaffeestärke auszuwählen und anschließend die
Kaffeezubereitung zu starten.

Req-CM-009,
Req-CM-010,
Req-CM-011

Req-
CM-
009

Getränkeauswahl einstellen
Das System CM muss dem Benutzer die Möglichkeit bieten die
gewünschte Menge auszuwählen. Wenn ein Getränk angewählt
wurde, muss das System CM die Auswahl im Display dauer-
haft anzeigen. Es kann zwischen einer und zwei Tassen sowie
zwischen fünf Kaffeegrößen gewählt werden.

Req-CM-002

Req-
CM-
010

Kaffeestärke einstellen
Das System CM muss dem Benutzer die Möglichkeit bieten die
Kaffeestärke auszuwählen. Es kann zwischen sechs Stärkegraden
gewählt werden. Wenn ein Stärkegrad angewählt wurde, muss
das System CM den ausgewählten Stärkegrad für eine Sekunde
im Display anzeigen.

Req–CM–002

Req-
CM-
011

Kaffeezubereitung starten
Das System CM muss dem Benutzer die Möglichkeit bieten die
Kaffeezubereitung zu starten. Solange die Kaffeezubereitung läuft,
muss das System CM dem Benutzer anzeigen, dass die Zubere-
itung aktiv ist. Wenn die Kaffeezubereitung abgeschlossen ist,
muss das System CM die zuletzt eingestellte Getränkeauswahl
anzeigen. Wenn eine Störmeldung vorliegt, darf das System die
Kaffeezubereitung nicht starten.

Req-CM-002

Req-
CM-
002

Display
Das System CM muss vorgenommene Einstellungen, Menüein-
träge, Meldungen und Störungen im Display anzeigen.

–
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test case 5

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
CM-
005

Switch off CM using the “off/i” button (Basic Flow)
The correct function of the “off/i” button should be checked. After
activation, the CM must flush and switch off automatically.

Req–CM–006,
Req–CM–008,
Req–CM–002

Requirements relevant for Test Case 5:

ID Requirement Relationship

Req-
CM-
006

Switch off CM using the “off/i” button
The system CM must allow the user to start the flushing process
first and then automatically switch off the machine completely
and disconnect the power supply. Pressing the “off/i” button
starts the flushing process. Before the machine switches off auto-
matically, the system CM must indicate this to the user for one
second. The system CM must then reset the power switch.

Req-CM-008

Req-
CM-
008

Flushing Process
The system CM must indicate to the user during the flushing
process that the flushing process is active. The flushing process
takes five seconds. When the flushing process is complete, the
system CM must display the last drink selection that was set.

Req-CM-006

Req-
CM-
002

Display
The system CM must show settings, menu items, messages and
faults on the display.

–
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test case 6

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
CM-
006

Descaling CM (Basic Flow)
The correct sequence of steps for the implementation of the
“Descaling” program should be checked for the CM.

Req–CM–023,
Req–CM–016,
Req–CM–017,
Req–CM–018,
Req–CM–002,
Req–CM–020,
Req–CM–022

Requirements relevant for Test Case 6:

ID Requirement Relationship

Req-
CM-
023

Decalcification Necessary
If the machine is calcified, the system CM must indicate this to
the user.

Req-CM-002

Req-
CM-
016

Open Menu
The system CM must allow the user to access the menu by press-
ing the button i for three seconds.
In this case, the menu only consists of the one menu item for the program

“Descaling”.

–

Req-
CM-
017

Select Menu Item “Start Descaling”
If the program “Descaling” has been selected, the system CM
must offer the user the possibility of starting the program.

Req-CM-016

Req-
CM-
018

Running the program “Descaling”
When the descaling program has been started, the system CM
must guide the user through the program by displaying appro-
priate messages. First, the user must empty the drip tray and
reinsert it. Then the user must confirm that the program is to
continue. The water tank must then be filled and descaling agent
added, and the water tank must be replaced. The user must then
confirm that the program is to be continued. The descaling pro-
cess now starts for 10 minutes. At the end, the user is prompted
to empty and reinsert the drip tray again. When the descaling
process is complete, the system CM must display the menu item
for descaling.

Req-CM-017

Req-
CM-
002

Display
Das System CM muss vorgenommene Einstellungen, Menüein-
träge, Meldungen und Störungen im Display anzeigen.

–

Req-
CM-
020

Water Tank Removed
When the water tank is removed, the system CM must prompt
the user to reinsert the tank.

Req-CM-002

Req-
CM-
022

Drip Tray Removed
When the tray is removed, the system CM must prompt the user
to reinsert the tray.

Req-CM-002
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test case 7

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
CM-
007

Flush CM manually and switch off with power switch O/I (Basic
Flow)
The correct function of the manual activation of the flushing
process by the user should be checked.

Req–CM–007,
Req–CM–008,
Req–CM–005,
Req–CM–002

Requirements relevant for Test Case 7:

ID Requirement Relationship

Req-
CM-
007

Manual Flushing
The system CM must allow the user to select the flushing program
in the menu and then start it. As long as the flushing process
is running, the system CM must indicate to the user that the
flushing process is active.

Req-CM-008

Req-
CM-
008

Flushing Process
The system CM must indicate to the user during the flushing
process that the flushing process is active. The flushing process
takes five seconds. When the flushing process is complete, the
system CM must display the last drink selection that was set.

Req-CM-007

Req-
CM-
005

Switch off the CM using “Power Switch O/I”
The system CM must allow the user to switch off the machine
completely and disconnect the power supply.
There is no flushing process.

–

Req-
CM-
002

Display
The system CM must show settings, menu items, messages and
faults on the display.

–
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f.5 tasks for system b : microwave

test case 1

The following test cases are sequentially based on each other. For all test cases, the microwave

is connected to the power supply. At the beginning the hour system is set to the 12-hour

format and the microwave door is closed. For the execution of the tests it is irrelevant whether

there is actually food in the microwave.

ID Test Case Purpose Requirements

TC-
MW-
001

Setting the clock (Basic Flow)
Changing the hour system from 12-hour format to 24-hour
format and setting the time to 15:30 is to be tested.

Req–MW–024,
Req–MW–022,
Req–MW–023,
Req–MW–021,
Req–MW–003,
Req–MW–004

Requirements relevant for Test Case 1:

ID Requirement Relationship

Req-
MW-
024

Set time format
The system MW must allow the user to choose between the 24-
hour and 12-hour time format using the button Time.

Req–MW–022,
Req–MW–004,
Req–MW–003,
Req–MW–021

Req-
MW-
022

Open time setting menu
The system MW must allow the user to enter the time setting
menu by pressing the button Time for three seconds.
When the system MW is in the time setting menu, the display
panel must show the currently set time format. The time format
can be changed by pressing the button Time.

Req–MW–004,
Req–MW–003

Req-
MW-
023

Setting the clock
The system MW must allow the user to set the time.
If the system MW is in the menu for setting the time, the system
MW must allow the user to set the hours and then the minutes by
means of the rotary button. The display must indicate to the user
whether he is currently setting hours or minutes (e.g., by means
of a flashing display).
As soon as the rotary button is turned by one click, the time
setting starts initially at 3:00 a.m. with the setting of the hours.
When the user confirms the entry with the button Time, the
system MW must store and display the set hour or minutes.

Req–MW–022,
Req–MW–004,
Req–MW–003,
Req–MW–021

Req-
MW-
021

Display time
If no cooking process is running and no settings for selecting a
cooking program are displayed, the system MW must display the
time in HH:MM format.

Req–MW–003

Req-
MW-
003

Display panel
The system MW must display the time, settings made and remain-
ing cooking time.

–

Req-
MW-
004

Signal tones
When an entry is accepted/not accepted or when cooking is
finished, the system MW shall give an audible feedback.

–
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test case 2

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
MW-
002

Operating mode “Microwave” – 540 Watt, 5 min (Basic Flow)
Settings are to be made for the operating mode “microwave”
(540 watt, 5 min). Then the cooking process should be started.

Req–MW–012,
Req–MW–003,
Req–MW–007,
Req–MW–004

Requirements relevant for Test Case 2:

ID Requirement Relationship

Req-
MW-
012

Setting the power for operating mode “Microwave”
The system MW must allow the user to select the power (watt)
for cooking by pressing the button “Microwave”. The system MW
must display the selected power level to the user.

Req–MW–011,
Req–MW–003,
Req–MW–004

Req-
MW-
003

Display panel
The system MW must display the time, settings made and remain-
ing cooking time in the display panel.

–

Req-
MW-
007

Starting the cooking program
If a cooking program has been selected, the system MW must
offer the user the possibility to start the selected cooking program
by pressing the button “Start/Quick Start”.

Req–MW–004

Req-
MW-
004

Signal tones
When an entry is accepted/not accepted or when cooking is
finished, the system MW shall give an audible feedback.

–
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test case 3

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
MW-
003

Unterbrechung des laufenden Kochprogramms
(Tür öffnen/schließen)
Ein laufendes Kochprogramm sollte durch Öffnen der Tür
unterbrochen werden. Danach sollte die Tür geschlossen, der
Kochvorgang wieder aufgenommen und auf das Ende gewartet
werden.

Voraussetzung ist, dass das zuvor gestartete Mikrowellen-
Garprogramm (500 Watt) noch 1:30 Minuten Zubereitungszeit hat.

Req–MW–003,
Req–MW–018,
Req–MW–007

Requirements relevant for Test Case 3:

ID Requirement Relationship

Req-
MW-
003

Anzeigenfeld
Das System MW muss die Uhrzeit, vorgenommene Einstellungen
und die verbleibende Garzeit im Anzeigenfeld anzeigen.

–

Req-
MW-
018

Unterbrechung des Garprozesses durch Öffnen der Tür
Wenn ein Garvorgang läuft und die Tür geöffnet wird, muss das
System MW den Garvorgang unterbrechen, den Timer stoppen
und die Unterbrechung durch einen Signalton anzeigen.
Wenn die Tür wieder geschlossen wird, muss das System MW
dem Benutzer die Fortsetzung des Garvorgangs ermöglichen.

Req–MW–001,
Req–MW–002,
Req–MW–004

Req-
MW-
007

Garprogramm starten
Wenn ein Garprogramm ausgewählt wurde, muss das System MW
dem Benutzer die Möglichkeit bieten das ausgewählte Garpro-
gramm zu starten.

Req–MW–004
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test case 4

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
MW-
004

Operating mode “Grill” – 2 beef fillet steaks pink
(Basic Flow)
Settings are to be made for grilling 2 beef fillet steaks (pink).
Then the cooking process is to be started and waited for its end.

Req–MW–013,
Req–MW–003,
Req–MW–007,
Req–MW–004

Requirements relevant for Test Case 4:

ID Requirement Relationship

Req-
MW-
013

Setting the operating mode “Grill”
The system MW must allow the user to select the grill mode.
If the “Grill” mode is selected, the system MW must indicate this
to the user.

Req-MW-003,
Req-MW-004

Req-
MW-
003

Display panel
The system MW must display the time, settings made and remain-
ing cooking time in the display panel.

–

Req-
MW-
007

Starting the cooking program
If a cooking program has been selected, the system MW must
offer the user the possibility to start the selected cooking program
by pressing the button “Start/Quick Start”.

Req–MW–004

Req-
MW-
004

Signal tones
When an entry is accepted/not accepted or when cooking is
finished, the system MW shall give an audible feedback.

–
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test case 5

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
MW-
005

Operating mode “Multi-Step Cooking” – Microwave Cooking
(P-80 720 Watt, 2 min), Grilling (4 min), Hot Air Cooking
(200°C, 4 min)
The programming of the “Multi-Step Cooking” mode is to
be tested. For this purpose, settings are to be made in the
following sequence:
1. Setting the operating mod “Microwave” with 720 watt
(program P-80) for 2 min
2. Setting the operating mod “Grill” for 4 min
3. Setting the operating mod “Hot Air” at 200°C for 4 min
Then start the cooking process and wait for it to end.

See also Tables 1 and 3.

Req–MW–015,
Req–MW–012,
Req–MW–013,
Req–MW–014,
Req–MW–003,
Req–MW–007,
Req–MW–004

Requirements relevant for Test Case 5:

ID Requirement Relationship

Req-
MW-
015

Setting the operating mode “Multi-Step Cooking”
The system MW must allow the user to enter settings for the
microwave, grill and hot-air operating modes one after the other
in order to combine them.
The system MW must allow the user to set the sequence and
duration of the combined operating modes.
The order of the cooking programs depends on the order in which
they are entered.

Req–MW–011,
Req–MW–003,
Req–MW–012,
Req–MW–013,
Req–MW–014,
Req–MW–004

Req-
MW-
012

Setting the power for the operating mode “Microwave”
The system MW must allow the user to select the power (watt)
for the cooking process by pressing the button “Microwave”.
The system MW must indicate the selected power level to the
user.

Req–MW–011,
Req–MW–003,
Req–MW–004

Req-
MW-
013

Setting the operating mode “Grill”
The system MW must allow the user to select the grill mode.
If the operating mode “Grill” is selected, the system MW must
indicate this to the user.

Req–MW–011,
Req–MW–003,
Req–MW–004

Req-
MW-
014

Setting the temperature for the operating mode “Hot Air”
The system MW must allow the user to select the temperature for
hot air cooking.
The system MW must display the selected temperature to the user
in XXXC format (e.g., 185C).

Req–MW–011,
Req–MW–003,
Req–MW–004

Req-
MW-
003

Display Panel
The system MW must display the time, settings made and remain-
ing cooking time in the display panel.

–

Req-
MW-
007

Starting the Cooking Program
If a cooking program has been selected, the system MW must
offer the user the possibility to start the selected cooking program
by pressing the button “Start/Quick Start”.

Req–MW–004

Req-
MW-
004

Signal Tones
When an entry is accepted/not accepted or when cooking is
finished, the system MW shall give an audible feedback.

–
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test case 6

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
MW-
006

Operating mode “Cooking Menu” – Pizza (300g) (Basic Flow)
The selection and starting of an automatic menu is to be tested.
For this purpose, a pizza (300g) is to be prepared with program
A-04 Automatic program for the “Cooking Menu” operating
mode. Then start the cooking process and wait for it to end.

Req–MW–016,
Req–MW–003,
Req–MW–007,
Req–MW–004

Requirements relevant for Test Case 6:

ID Requirement Relationship

Req-
MW-
016

Setting the operating mode “Cooking Menu” (Automatic
Menus)
The system MW must allow the user to select an automatic pro-
gram.
The system MW must display the selected program.

Req–MW–003

Req-
MW-
003

Display panel
The system MW must display the time, settings made and remain-
ing cooking time in the display panel.

–

Req-
MW-
007

Starting the cooking program
If a cooking program has been selected, the system MW must
offer the user the possibility to start the selected cooking program
by pressing the button “Start/Quick Start”.

Req–MW–004

Req-
MW-
004

Signal tones
When an entry is accepted/not accepted or when cooking is
finished, the system MW shall give an audible feedback.

–
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test case 7

The prerequisites for this test case can be derived from the previous test case.

ID Test Case Purpose Requirements

TC-
MW-
007

Operating mode “Microwave” – 900 Watt, 2 min (Alternative
Flow: Open door)
Settings are to be made for the operating mode “Microwave”
(900 watt, 2 min). Then the cooking process should be started.
The system MW may not start the cooking process when
the door is open and must signal an error. The door should
then be closed and the cooking process should be started
again. The cooking process must then start and wait for it to end.

The prerequisite is that the door must be opened explicitly in
an initial step before the test steps are executed.
See Table 1: Setting options for operating mode “Microwave”.

Req–MW–017,
Req–MW–012,
Req–MW–003,
Req–MW–007,
Req–MW–004

Requirements relevant for Test Case 7:

ID Requirement Relationship

Req-
MW-
017

Preventing the start of the cooking process when the door is
open
If the door is open and the user starts the cooking process, the
system MW must prevent the start of the cooking process and
signal this with a beep.

Req–MW–001,
Req–MW–002,
Req–MW–004

Req-
MW-
012

Setting the power for operating mode “Microwave”
The system MW must allow the user to select the power (watts)
for cooking by pressing the button “Microwave”. The system MW
must display the selected power level to the user.

Req–MW–011,
Req–MW–003,
Req–MW–004

Req-
MW-
003

Display panel
The system MW must display the time, settings made and remain-
ing cooking time in the display panel.

–

Req-
MW-
007

Starting the cooking program
If a cooking program has been selected, the system MW must
offer the user the possibility to start the selected cooking program
by pressing the button “Start/Quick Start”.

Req–MW–004

Req-
MW-
004

Signal tones
When an entry is accepted/not accepted or when cooking is
finished, the system MW shall give an audible feedback.

–
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f.6 intermediate questionnaire after first

study phase

questions

1.1 How certain did you feel about the specification of the test cases?

l very
l uncertain

l rather
l uncertain

l partly
l certain

l rather
l certain

l very
l certain

1.2 Do you think that your descriptions of the test cases are easy for
others to understand?

l very in-
l comprehen-
l sible

l rather in-
l comprehen-
l sible

l partly
l comprehen-
l sible

l rather
l comprehensi-
ble

l very well
l comprehen-
l sible

1.3 Do you believe that your test case descriptions are complete?

l very
l incomplete

l rather
l incomplete

l partly
l complete

l rather
l complete

l consistently
l complete

1.4 Do you believe that your test case descriptions have a consistent
appearance? (e.g., use of the same technical terms, identifiers, etc.)

l very
l inconsistent

l rather
l inconsistent

l partly
l consistent

l rather
l consistent

l completely
l consistent

1.5 What would you do differently in retrospect?

1.6 What did you not like?

1.7 What did you find helpful/positive?
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f.7 intermediate questionnaire after sec-
ond study phase

questions

1.1 How certain did you feel about the specification of the test cases?

l very
l uncertain

l rather
l uncertain

l partly
l certain

l rather
l certain

l very
l certain

1.1.1 Compared to writing natural language test cases, how did you
feel?

l significantly
l more
l uncertain

l rather
l more
l uncertain

l partly
l more
l certain

l rather
l more
l certain

l significantly
l more
l certain

1.2 Do you think that your descriptions of the test cases are easy for
others to understand?

l very in-
l comprehen-
l sible

l rather in-
l comprehen-
l sible

l partly
l comprehen-
l sible

l rather
l comprehen-
l sible

l very well
l comprehen-
l sible

1.2.1 Compared to writing natural language test cases, how do you
rate the comprehensibility?

l significantly
l more difficult
l to
l comprehend

l rather
l more difficult
l to
l comprehend

l partly more
l comprehensi-
ble

l rather better
l comprehen-
l sible

l significantly
better
l comprehen-
l sible

1.3 Do you believe that your test case descriptions are complete?

l very
l incomplete

l rather
l incomplete

l partly
l complete

l rather
l complete

l consistently
l complete

1.3.1 Compared to writing natural language test cases, how do you
rate the completeness?

l significantly
l more
l incomplete

l rather
l more
l incomplete

l partly
l more
l complete

l rather
l more
l complete

l significantly
l more
l complete
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1.4 Do you believe that your test case descriptions have a consistent
appearance? (e.g., use of the same technical terms, identifiers, etc.)

l very
l inconsistent

l rather
l inconsistent

l partly
l consistent

l rather
l consistent

l completely
l consistent

1.4.1 Compared to writing natural language test cases, how do you
rate the consistency?

l significantly
l more
l inconsistent

l rather
l more
l inconsistent

l partly
l more
l consistent

l rather
l more
l consistent

l significantly
l more
l consistent

1.5 What would you do differently in retrospect?

1.6 What did you not like?

1.7 What did you find helpful/positive?
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f.8 final questionnaire

1 questions

1.1 Do you believe that the use of templates would speed up the test
case specification compared to the natural language specification?

l do not
speed up
at all

l rather not
speed up

l partly
speed up

l rather
speed up

l significantly
speed up

1.2 Do you believe that the use of templates would positively influ-
ence the quality of the test cases?

l significantly
poorer
quality

l rather
poorer
quality

l partly
better
quality

l rather
better
quality

l significantly
better
quality

1.3 Compare the fun factor during the creation of test cases:

Natural Language Approach:

l no fun l little fun l partly fun l rather fun l a lot of fun

Template-based Approach:

l no fun l little fun l partly fun l rather fun l a lot of fun

2 system usability score (sus) questionnaire

Similar to the conducted usability study (see Chapter E for study
material), the SUS questionnaire was used in the controlled experiment
to assess the usability of the template-based approach. The same SUS
questionnaire as on Page 295 was used at the end of the controlled
experiment.





G
O V E R A L L E VA L UAT I O N O F T E S T C A S E A N A LY S I S

The results presented in Section 6.3.4.8 are based only on the first
two test cases that were used for the calculation of the statistical tests.
Since not all participants of the controlled experiment have processed
the same number of test cases, there would otherwise be a fluctuation
in the sample size. For the sake of completeness, all results of the test
case analysis are presented in this chapter.

a1 incomplete test cases

Average number of incompleteness in test cases

System Treatment n M Std Var

Test Case 1
MW NL 10 3.300 2.163 4.678

DSL 10 1.700 1.636 2.678

CM NL 10 0.600 0.699 0.489
DSL 10 0.700 0.949 0.900

Test Case 2
MW NL 10 1.600 0.843 0.711

DSL 10 0.100 0.316 0.100

CM NL 10 0.400 0.516 0.267
DSL 10 0.200 0.422 0.178

Test Case 3
MW NL 9 1.333 1.118 1.250

DSL 5 0.600 0.894 0.800

CM NL 6 1.833 1.472 2.167
DSL 7 0.000 0.000 0.000

Test Case 4
MW NL 8 1.250 1.282 1.643

DSL 1 2.000 – –

CM NL 2 1.500 2.121 4.500
DSL 2 1.000 0.000 0.000

Test Case 5
MW NL 4 3.500 3.697 13.667

DSL 1 0.000 – –

CM NL 1 2.000 – –
DSL 0 – – –

Test Case 6
MW NL 1 3.000 – –

DSL 0 – – –

CM NL 1 1.000 – –
DSL 0 – – –

Test Case 7
MW NL 1 3.000 – –

DSL 0 – – –

CM NL 0 – – –
DSL 0 – – –

n: Sample Size, M: Mean (of identified problems), Std: Standard Deviation, Var: Variance
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a2 incorrect test case structure

Average number of test cases with incorrect structure

System Treatment n M Std Var

Test Case 1
MW NL 10 1.200 1.874 3.511

DSL 10 0.000 0.000 0.000

CM NL 10 2.400 1.506 2.267
DSL 10 0.000 0.000 0.000

Test Case 2
MW NL 10 0.400 0.699 0.489

DSL 10 0.000 0.000 0.000

CM NL 10 1.500 1.581 2.500
DSL 10 0.000 0.000 0.000

Test Case 3
MW NL 9 0.778 0.667 0.444

DSL 5 0.200 0.447 0.200

CM NL 6 2.500 2.345 5.500
DSL 7 0.143 0.378 0.143

Test Case 4
MW NL 8 0.000 0.000 0.000

DSL 1 1.000 – –

CM NL 2 1.500 2.121 4.500
DSL 2 0.000 0.000 0.000

Test Case 5
MW NL 4 0.250 0.500 0.250

DSL 1 0.000 – –

CM NL 1 0.000 – –
DSL 0 – – –

Test Case 6
MW NL 1 0.000 – –

DSL 0 – – –

CM NL 1 0.000 – –
DSL 0 – – –

Test Case 7
MW NL 1 0.000 – –

DSL 0 – – –

CM NL 0 – – –
DSL 0 – – –

n: Sample Size, M: Mean (of identified problems), Std: Standard Deviation, Var: Variance
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a3 incorrect use of parameters

Average number of incorrect use of parameters in test cases

System Treatment n M Std Var

Test Case 1
MW NL 10 1.600 0.516 0.267

DSL 10 0.600 0.843 0.711

CM NL 10 3.200 1.135 1.289
DSL 10 1.300 0.949 0.900

Test Case 2
MW NL 10 2.100 0.316 0.100

DSL 10 1.100 0.738 0.544

CM NL 10 1.200 0.919 0.844
DSL 10 0.600 0.966 0.933

Test Case 3
MW NL 9 3.556 0.527 0.278

DSL 5 0.400 0.548 0.300

CM NL 6 4.000 1.095 1.200
DSL 7 1.000 1.414 2.000

Test Case 4
MW NL 8 2.625 0.518 0.268

DSL 1 1.000 – –

CM NL 2 2.000 0.000 0.000
DSL 2 1.000 1.414 2.000

Test Case 5
MW NL 4 4.000 1.414 2.000

DSL 1 3.000 – –

CM NL 1 1.000 – –
DSL 0 – – –

Test Case 6
MW NL 1 0.000 – –

DSL 0 – – –

CM NL 1 5.000 – –
DSL 0 – – –

Test Case 7
MW NL 1 2.000 – –

DSL 0 – – –

CM NL 0 – – –
DSL 0 – – –

n: Sample Size, M: Mean (of identified problems), Std: Standard Deviation, Var: Variance
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a4 incorrectness

Average number of incorrect test cases

System Treatment n M Std Var

Test Case 1
MW NL 10 0.900 1.853 3.433

DSL 10 0.300 0.483 0.233

CM NL 10 1.300 1.337 1.789
DSL 10 0.200 0.632 0.400

Test Case 2
MW NL 10 1.700 1.494 2.233

DSL 10 0.100 0.316 0.100

CM NL 10 1.300 1.418 2.011
DSL 10 0.100 0.316 0.100

Test Case 3
MW NL 9 1.000 0.866 0.750

DSL 5 0.000 0.000 0.000

CM NL 6 2.167 1.472 2.167
DSL 7 0.286 0.756 0.571

Test Case 4
MW NL 8 1.125 0.991 0.982

DSL 1 0.000 – –

CM NL 2 0.500 0.707 0.500
DSL 2 1.000 1.414 2.000

Test Case 5
MW NL 4 2.000 1.826 3.333

DSL 1 0.000 – –

CM NL 1 0.000 – –
DSL 0 – – –

Test Case 6
MW NL 1 0.000 – –

DSL 0 – – –

CM NL 1 1.000 – –
DSL 0 – – –

Test Case 7
MW NL 1 0.000 – –

DSL 0 – – –

CM NL 0 – – –
DSL 0 – – –

n: Sample Size, M: Mean (of identified problems), Std: Standard Deviation, Var: Variance
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