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Challenges of Integrating Diverse Requirements Documentation and Traceability
Practices: A case study in large-scale agile systems development
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Chalmers University of Technology and University of Gothenburg

Abstract
Automotive companies are moving toward in-house software development due to
the increasing demand of using software in their products. As part of quality assur-
ance for safety objectives in their software, these companies are required to ensure
traceability for requirements and their related artifacts. The requirements and their
corresponding trace links coming from different Agile Release Trains (ART) in the
company are required to be integrated across these ARTs to ensure quality.

The differences in requirements documentation and traceability practices that are
being used by different ARTs in an organization poses challenges in collaboration
across these ARTs for the purpose of traceability integration.

This study is conducted in an automotive company that is applying large-scale
agile in their processes. The analysis for this study is based on 15 interviews from
representatives of 4 ARTs that are working together in the same department. Fur-
ther, a workshop has been conducted with 18 representatives from the same ARTs
to present the results along with 16 survey responses to validate the results from
our interview analysis during the workshop.

This study indicates that differences in requirements documentation and trace-
ability practices lead to inconsistencies in the data related to requirements and trace
links, which impacts the process of automating traceability integration across these
ARTs. Moreover, this paper identifies the differences and presents the reasons be-
hind them. Our findings show that while there are reasons that justify the need for
diversity in some parts, there are also other factors that contribute to these differ-
ences. Further, the need and suggestions for moving toward more alignment and
a shared understanding of these practices across these ARTs, to achieve a common
solution for the integration of traceability, is investigated.

Keywords: Computer, science, computer science, engineering, project, thesis.
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1
Introduction

Today, utilization and development of software in the automotive industry domain
is evolving rapidly. This is also due to the fact that using software brings some
advantages such as decreasing costs and facilitating innovation in this domain [1].
In addition, automotive companies, which are considered as large organizations,
are moving toward adopting large-scale agile practices in order to upgrade their
processes and remain competitive in the automotive industry market [2, 3]. In
automotive companies, the systems under development are mostly safety-critical,
which implies the need for compliance to safety standards [4]. In order to fulfill
the safety standard for requirements, there is a critical need for facilitating tracing
between related artifacts, to make sure that the required tests have been applied [4].
One big challenge that currently exists related to applying traceability, is utilizing
diverse tools and artifacts, by different teams in large-scale automotive companies
[2, 4].

While integration of tools is essential to facilitate traceability and is considered
as one of the main reasons that motivates the demand for alignment, there are
other factors like the core differences in disciplines and elicitation methods in teams
working in different areas, which urge the need for diversity [5, 6]. Since, both the
alignment and diversity of requirement engineering (RE) practices are required in
the automotive domain, this implies the need for balancing these alignments and
diversities [5].

In this case study, we focus on analyzing Requirements Documentation and Trace-
ability Practices that are being utilized in three Agile Release Trains (ART), working
in the same department in an automotive company. The Agile Release Train (ART)
refers to a group of agile teams that work together to develop and present one or
more solutions over time within a company [7]. The aim of this study is to apply
in-depth research methods, in order to find the differences of Requirements Doc-
umentation and Traceability Practices across these ARTs and the reasons behind
them. Furthermore, the impact of the differences between Requirements Documen-
tation and Traceability Practices on facilitating requirements traceability, across
ARTs, will be analyzed.

1.1 Statement of the Problem
Due to cars becoming more and more dependent on software, automotive compa-
nies need to increase their abilities to build digital systems. Software and digital
artifacts behave differently from physical components, implying different life-cycles
of Software. For example, it is possible to update software components late, even
after the vehicle has left the factory. Thus, there is a great need to be able to man-
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1. Introduction

age requirements during their whole lifecycle in a large-scale automotive company
[5]. Therefore, creating and maintaining trace links between requirements and other
artifacts is important [8]. However, in the automotive industry, RE practices might
differ between different organizations and even between different teams [5]. These
differences make any effort to integrate the multiple tools and processes being used
as well as to provide consistent traceability really expensive [5].

In order to achieve digitalisation of the automotive industry and increase its
software competency, it is important to provide solutions to facilitate collaboration
to deal with the gap between diverse RE practices across different areas [5]. In large-
scale agile, these areas are for example different ARTs, which may develop their own
set of specialized practices. Still, traceability and collaboration across ARTs must
be supported to allow efficient development of a consistent product. There is a need
to facilitate such traceability and collaboration and to examine and identify these
differences in an industrial setting.

1.2 Statement of Purpose
Every ART has its own conventions, when it comes to Requirements Documentation
and Traceability Practices. The supporting ART, which is responsible for provid-
ing frameworks and tools for the other ARTs that are developing the product, is
facing difficulties in terms of understanding the differences in structures and nam-
ings related to requirement levels between these ARTs. From the perspective of the
supporting ART, it’s hard to provide solutions while these differences exist.

In this case study, we aim to investigate the differences that exist in the practices
related to documenting requirements and traceability workarounds between these
ARTs and find out why these differences exist and what is the effect of the differences
on the process of traceability related to requirements.

1.3 Case Company
The case study is conducted in the case of an automotive company. Since the
production and use of software in companies is developing, this company is no
exception and has been following the path of using software in its products for
several years to keep pace with the market. This company is also making progress
in leading the production of their software toward in-house development. This has
caused some parts of the organization to have a special attention to the process of
software development and its life cycle.

In this study, we will investigate the case of a department consisting of three
ARTs working on functions that are dependent on each other on a higher level.
Moreover, there is another ART in the department, which we call the supporting
ART. This ART is responsible for providing platforms and solutions for the other
three ARTs. As part of the services that the supporting ART is required to provide
for these three ARTs is to provide a solution to integrate traceability based on the
data related to requirements and their trace links that come from each ART. We
will address the problems that the supporting ART is facing to provide this solution
for the ARTs.
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1. Introduction

Our main focus is to explore these three ARTs and the supporting ART to in-
vestigate their practices related to requirements and traceability and integration of
the corresponding data that are affected by the differences of these practices across
the ARTs. Further, we will mostly focus on these practices in relation to in-house
software development.

1.4 Research Questions
In line with the purpose of this study and in context of related literature, this thesis
aims to investigate how global system level traceability can be facilitated while at
the same time allowing diversity in Requirements Documentation Practices on the
level of local sub-areas. In the automotive case we are targeting, the global system
level is represented by one department, while the local sub-areas are represented by
three ARTs within this department.

RQ1. Which differences in Requirements Documentation and Traceability Practices
in local sub-areas of a system are significant for collaboration on global system
level?

RQ2. Which are the reasons behind these differences in Requirements Documenta-
tion and Traceability Practices between local sub-areas?

RQ3. To what extent can we support different Requirements Documentation and
Traceability Practices within the local sub-areas and still trace between similar
and related artifacts on the global system level?

1.5 Outline
This study is outlined as follows:

The background and related work is described in Chapter 2. In Section 2.1, we
discuss the concept of Requirements Documentation and Traceability. Related work
to this study is introduced in Section 2.2. In Chapter 3 we introduce the research
methods that we applied for this study. Then we discuss why we chose a case study
for this project in Section 3.1 and how we obtained the data in Section 3.2. The data
analysis process of the study also will be explained in Chapter 3.3. In Chapter 4,
we present the study results then we analyze and discuss them in detail in Chapter
5. Section 5.2 elaborates the Implications for research based on the results while
Section 5.3 explains implications for practice. Limitations and delimitations of this
study also will be discussed in Section 5.4. The study is concluded in Chapter 6
with a summary of the main findings and suggestions.
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2
Background and Related Work

In the last few years, software has become one of the main components in car pro-
duction, moving the automotive industry toward an increased focus on developing
and maintaining softwares [1]. In addition, using agile approaches for software devel-
opment in industry is profitable, which can increase collaboration and productivity
as well as enhancing product quality [9]. Automotive industry utilizes large-scale
agile methodology to an increasing extent, which implies the need for reconsidering
the ways of managing their artifacts [2].

In this chapter, we will provide background to provide a better understanding of
artifacts related to requirements documentation and traceability. Further, we will
go through the related work to our study about diversity of these artifacts through
different teams.

2.1 Background
In this section we will provide a short summary of the concepts of requirements
documentation and requirements traceability and also their importance in the au-
tomotive industry.

2.1.1 Requirements Documentation
Requirements documentation is the foundation of validating different artifacts through
the process of software development [32]. In order to document requirements with
high quality, they must be specified in the right level of abstraction, clear and un-
derstandable [32].

Moreover, reusability of artifacts like requirements is of high value when it comes
to productivity and reducing costs in the automotive industry, where time and
efficiency is of great importance [25]. Need for reusability encourages the use of
models or patterns to formulate requirements documentation [31].

Apart from this, it should be noted that RE plays a crucial role when it comes
to the automotive industry, this requires communicating the RE practices and their
evolution through the borders of the organization [31].

2.1.2 Requirements Traceability
In order to ensure safety in the automotive domain, maintaining the relations be-
tween software artifacts is required, which is defined as traceability [4]. Requirements
traceability is defined as the capability of maintaining the relationships between re-
quirements with other requirements and requirements with other software artifacts
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2. Background and Related Work

[18, 21]. Requirements traceability provides us with the ability to follow change
effects of requirements on other artifacts based on provided links [19].

Furthermore, safety standards require a complete requirements traceability, which
means providing bi-directional links from requirements to the design and artifacts
related to validation like test cases [20]. Moreover, requirements traceability em-
phasizes transparency of interdependencies between these artifacts [30].

Applying requirements traceability in an efficient way in software development,
can lead to the result of improving the quality of the software and decreasing the
total costs [22]. Although, the process of providing this traceability includes extra
attempts related to documenting the requirements and other development tasks,
while it does not provide a direct benefit and is not compelling for the stakeholders,
which results in ineffective and post-development traceability [22, 23].

Due to the complexity of the system and keeping traceability of requirements, a
challenging part for large-scale automotive companies could be focusing on speed
and integration, which requires special management and guidance [6].

2.2 Related work
In this section, we will discuss the studies that are related to our work about diversity
in different practices related to requirements and the effect of diversity on integration
and traceability.

According to Pinheiro [18], automation of traceability is required due to the
diverse types of data and the increase in the amount of data that is needed to
provide trace links in large software systems, which can make the process of creation
and maintenance of trace links more efficient. Further, he states that this data
comes from various artifacts that are distributed between teams, which makes it
unimaginable to be aware of all of the possible links that might exist and provide
a way to view the chains of these trace links without automating the process. In
our study, we will investigate the reasons that lead to challenges in automating the
data extraction process for integrating traceability and how it affects the process in
practice.

Kasauli et al. [23] report inconsistency in the artifacts related to requirements,
coming from different teams, claiming that the level of details provided in a specific
abstraction level is not compatible. The study is conducted by using interviews
and other methods such as focus groups and workshops across different large-scale
companies, identifying various challenges related to RE. They explain that teams
have their own way and tool to specify requirements, which makes inconsistency in
the requirement artifacts. This causes issues in dealing with requirements across
boundaries and coordination between teams. Moreover, they add that requirements
knowledge is distributed between individual teams working in parallel, with dif-
ferent understanding of this knowledge, this poses challenges to the management
of requirements and the coordination of this knowledge through the organization.
Further, they state that in order to achieve a shared understanding across the or-
ganization, there is a need to maintain documents related to requirements. They
emphasize that the automotive industry has struggled with testing due to the quality
of requirements, which poses the need for filling the gap related to documentation
of requirements and deficiency of information, by ensuring communication between
teams. The main focus of this study is finding a wide range of challenges related
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2. Background and Related Work

to RE and as parts of their results they point out that inconsistent requirements
and tools as well as a lack of a shared understanding causes lack of information that
is required for testing. We will put the main focus of our study on this specific
challenge of inconsistent requirements and tools and also its effect on extracting
information for traceability integration.

Eliasson et al. [27] introduce finding the right level of abstraction, as one of the
challenges in specifying requirements. They convey that a requirement can be con-
sidered as over-specified by one individual, while it seems under-specified to another
individual, given the amount of detail that is provided in the requirement specifi-
cation. They emphasize the need of finding the balance between over-specification
and under-specification. Further, they claim that the current solution to achieve this
balance is based on informal communication, which can turn into assumptions as a
consequence of lacking time close to deadlines. Moreover, in another study, Dikert
et al. [24] acknowledge that the quality assurance of the system can be adversely
affected by insufficient breakdown of requirements into different levels or ambigu-
ous requirements. Additionally, Wohlrab et al. [16] add that due to the existence
of various disciplines among different teams and departments, there might be dif-
ferences in the interpretation of RE concepts in large scale companies. As part of
our study, we explore how the diversity of requirements documentation is related to
different interpretations of the content that should be provided in each abstraction
level. Moreover, we investigate how this causes ambiguities in the requirements data
for integrating traceability across the ARTs.

Maro et al. [4] state that one of the main challenges in creating and maintain-
ing trace links, is the diversity of the tools and artifacts, which results in different
formats and inconsistencies in the required data. The study investigates the chal-
lenges related to traceability and provides solutions for these challenges based on
a combination of different methods such as literature review and a case study in
the automotive industry with a supplier company. According to the study, utilizing
diverse tools causes issues with finding trace links across these tools and finding so-
lutions for integration is of great importance. The challenge of diversity in tools will
be one of the main focuses of our study. It should be noted that we will look into the
tools and practices that are in direct connection with documenting requirements in
an automotive company that is moving toward more in-house software development.

Wohlrab et al. [2] elaborate on alignment related to boundary objects, which are
the artifacts that are common for diverse teams within a company in agile system
engineering. The study focuses on system engineering artifacts, which consists of
artifacts providing information and presenting knowledge related to system engineer-
ing, including architecture models as well as high-level and low-level requirements
documentation and test cases. Current practices related to managing these arti-
facts in six large scale automotive companies are investigated. Further, a number of
practical challenges in terms of managing these artifacts are defined, which includes
balancing diversity and alignment, artifact degradation and difficulties in applying
agile practices in teams working in non-software areas to facilitate collaboration.
Finally, guidelines are provided for managing these artifacts, which emphasizes on
locating boundaries as the starting point. These boundary objects are required to
be communicated across teams, which can be facilitated by a tool that enables trace-
ability links between shared artifacts managed by different teams. As mentioned by
the guideline, there is also a need for flexibility when it comes to creating locally
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2. Background and Related Work

relevant artifacts, which are the artifacts that might differ between teams.
In another research, Wohlrab et al. [5] shed light on how diversity and align-

ment of different RE practices is applied in different Requirements information
models(RIM) in practice, by conducting a case study on four large scale automo-
tive companies. Reasons behind the need for both diversity and alignment were
investigated. The results of the study suggest the need for alignment to encourage
teamwork, providing a common language for achieving better collaboration between
teams, improving the quality by facilitating testability and moving toward an stan-
dard approach as the rationale behind alignment. On the other hand, in the results
it is acknowledged that the need for diversity arises from differences that exist in
the methods, requirements elicitation practices and the disciplines applied in various
areas in the context of the automotive industry. Finally, suggestions are provided
for managing RIMs in order to facilitate the balancing of diversity and alignment.
In our study, the purpose is to focus on the part of RE practices that are about
documenting requirements and investigate it in one automotive company in order
to provide a deep understanding of the differences of requirements documentation
and traceability practices in the ARTs that are working in the same department.
Further, we will provide the reasons and factors that contribute to these differences,
while Wohlrab focuses on the need for differences. In addition, the effect of diver-
sity on providing traceability is just briefly pointed out in this related research and
further investigation on this topic will be provided in our study.
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3
Methods

3.1 Research Design: A Case Study
In order to get a deep understanding of a current problem in relation to its natural
context, based on collecting data from a limited number of entities, a case study
is considered as the suitable method [11, 12, 13, 36]. The adaptability of a case
study makes it the right match with software related problems that are prone to
complexity and fast changes [11].

The first research question (RQ 1) in our study, refers to finding the differences of
Requirements Documentation and Traceability Practices between 3 different ARTs
in an automotive company. In order to find the similarities and differences, we
take a close look at these practices in each ART to get an overview of how they
document their requirements and what are their current traceability workarounds.
These practices include the tools that each ART is currently using for requirement
documentations, how they structure their requirements, such as different levels that
they use in order to break down a requirement and the styles of the requirements
(e.g. text, diagrams). Furthermore, we compare these practices between these three
ARTs to find how they are similar or different from each other.

The second research question (RQ 2) is about the reasons behind these differences.
Answering this question requires a deep understanding of why in each ART, teams
are using specific practices for documenting their requirements or providing trace
links related to their requirements.

The third research question (RQ 3) relates to traceability and how the current
differences are affecting integration of requirements traceability across these 3 ARTs.
We need both the viewpoint of the ARTs and the supporting ART in this matter. We
need to gather the information from RQ 2 to find the reasons that lead to diversities
such as the reasons that explain the need for diversity along with the factors that
are affecting the process to increase diversity across the ARTs. Then the need for
alignment and customization and also suggestions that can lead to decrease the
amount of diversity and address the problems that lead to diversity are discussed
with the representatives from the ARTs.

3.2 Data Collection
In order to conduct a case study, developed on qualitative data, it is essential to
apply triangulation in the process of collecting data by utilizing more than one
type of methods and diverse sources of data [11, 37]. The data collection of this
study is based on applying different methods including interviews and a workshop
along with collecting survey responses for validation. It should also be noted that
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before moving to the official methods for data collection, we had several meetings
with representatives from different ARTs to get familiar with the tools related to
requirements and getting a grasp on their conventions and knowledge about the
problem.

3.2.1 Interviews
Semi-structured interviews have been employed as the basis of our data collection.
Semi-structured interviews provide us with both the plan of what questions need to
be addressed to get the data required for our study, and the possibility to ask the
questions based on the conversation flow [11]. Additionally, the interview questions
were designed with the purpose of providing data to address the research questions
[11].

We started each interview by asking some general questions about the intervie-
wee’s ART, team, their role and experience related to requirements and traceability.
Then we moved through different topics and asked the questions related to the cor-
responding topic with the aim of collecting data that can be of value for our research
questions. For each topic we started with explaining the topic and related terms
in order to avoid ambiguity and misunderstanding and then continued with asking
open questions that could provide a wide variety of responses from the interviewees
[11]. Then we moved to more closed questions that could more directly address the
type of answers that were important to be addressed by the interviewees [11]. The
decisions on how to ask the questions and which parts to provide more guides and
possible options for the interviewees were made based on the conversation flow and
the situation in each interview.

In the process of selecting the interviewees, diversity was required to be taken
into account. Perspectives of individuals coming from different roles and parts of
the organization is recommended to be included [11]. In order to achieve both di-
versity and balance in our data collection, we tried to have the same number of
representatives from each ART. The final outcome was having around four repre-
sentatives from each of the three ARTs and also the supporting ART. At the end of
the interview process, a total number of 15 interviews were conducted.

Apart from this, we made an effort to choose specific roles and have interviewees
from those roles or the most possible similar roles in each one of the three ARTs. The
selected roles are tried to be diverse within the three ARTs, while keeping a similar
combination of them across the three ARTs. Moreover, as far as it was applicable
we selected our interviewees from different teams in each ART.

The situation was quite different in the supporting ART, since mostly 1-2 teams
were focused on providing traceability for the other three ARTs and the employees
who had knowledge or responsibility about the issues related to differences in Re-
quirements Documentation and Traceability Practices, were limited to the roles of
developers or architects.

The interviews were conducted in online meetings and recorded with consent of
participants. Initial transcripts were generated and reviewed later after the interview
by the researchers. Each of the interviews were handled in one session, with the
average duration of 60 minutes. The interview guide (Appendix A) and consent
form was sent to the interviewees at least one day before the interview by email. The
distribution of roles, teams and year of experience about the topic in the interviews
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are shown in Table 3.1.

Table 3.1: Information about the interviewees

ART Interviewee Role Team Related Experience(Year)
Supporting ART Developer S1 1
Supporting ART Developer S2 2
Supporting ART System Architect S3 2.5
Supporting ART Developer S1 5
ART 1 Scrum Master A11 7
ART 1 Function Owner A12 10
ART 1 Tester A13 10
ART 1 System Designer A11 15
ART 2 System Architect A21 16
ART 2 Product Owner A22 8
ART 2 Product Owner A23 6
ART 3 Product Owner A31 3
ART 3 Function Developer A32 9
ART 3 Function Developer A31 1
ART 3 Scrum Master A33 2

3.2.2 Workshop
As a next step, we arranged a workshop with the purpose of bringing different parties
(representatives from ARTs) together to create an interactive group that increases
the exchange of knowledge between the ARTs. By conducting the workshop we
aimed to share our findings clearly with the company about different perspectives.
Furthermore, we wanted the representatives from the ARTs to join together in the
workshop to explore the suggested solutions given in the interviews for solving the
problems through co-discussion, as well as make further reasonable comments and
suggestions for related problems [26].

Moreover, this gave us the opportunity to go through the survey questions with
more clarification on the concepts and decrease the risk of misunderstanding the
questions by the survey participants.

We invited 27 people from the company to this workshop that can be devided into
two groups of participants. The first group consisted of interview participants, while
the second included the other company employees with different roles that were also
from the three ARTs as well as the supporting ART who could be interested in the
study’s findings and provide more explanation for the questions.

The workshop took place in May 2022, in one hour session, in combination with
an online survey, with 20 attendees including 2 researchers and 18 company repre-
sentatives. Because some employees work from home and prefer to participate in an
online session rather than in person, we decided to do the workshop online through
Microsoft Teams in order to increase the number of participants. In addition to
conducting the online workshop, it assisted us in implementing an online survey
step by step during the session so that participants could quickly respond to the
survey from their desk.
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We started the workshop with an overview of the study and its purpose. After
that we presented our findings in three sections throughout the workshop. The first
section dealt with RQ1 and we concentrated on presenting the tools for requirements
documentation, requirements abstraction levels and traceability workarounds and
their comparison across the ARTs.

In the second section, we presented our results concerning the reasons for the
differences and current problems based on differences which are related to RQ2.
Finally, section three dealt with RQ3, in which we discussed the necessity for ARTs
practices to be aligned, as well as suggestions that we got from interviews.

At the end of each section, participants were asked to reply to particular survey
questions. Then we requested attendees to complete and submit the survey at the
end of our presentation, after that we discussed the results together to provide some
interaction and knowledge sharing.

To keep track of the limited time of the workshop, we discussed some of the
questions that seemed most interesting to the participants, as well as the questions
that most participants answered with a strong agree or disagree option.

In the next section, we’ll go over the survey in further detail.

3.2.3 Survey
To obtain data from other participants within the company, as well as validate the
interview results, we decided to conduct an online survey as the final method [13].
This gave us the opportunity to check our findings that were based on our interpre-
tation from the interviews with our interview participants and other employees. We
used Microsoft Form to design the survey and we presented the survey with 14 ques-
tions during the workshop for the company. We asked our workshop participants
to respond to the relevant questions step by step on various topics after getting our
explanations on that topic during the workshop. 18 of the 27 participants that were
invited to the workshop session showed up in the session and 16 of them completed
the online survey.

The survey questions (Appendix B) were conducted based on the coded data and
findings provided from the previous steps, in order to validate our results. Some
of the questions were designed based on the analyzed codes from the interviews
about differences in requirements documentation and traceability practices across
the ARTs. So, we could get more information from the audience and also ask
them to help us to identify if there was misinterpretation from our side based on the
interviews. To help us better quantify the level of agreement among the participants
about the topics, a large percentage of the survey items used a Likert scale ranging
from Strongly Agree to Strongly Disagree.

On the survey, we inquired about the following topics, and it was critical for us
to determine the participants’ level of agreement on these issues:

• Reasons behind differences in requirements documentation and traceability
practices

• The need of moving toward more alignment in requirements documentation
and traceability practices across the ARTs

• Suggested solution for the tools problems
• The need of a reference/ standard model for requirements and traceability
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We generally received agreements on the suggestions that were based on our
interview analysis, from the workshop participants on the survey (Appendix C).
Therefore we can state that the survey results confirm the interviews results to a
high degree.

We sent the result of the survey to the participants from the company the day
after the workshop. Further, we have attached the result of the surveys to our report
(Appendix C) for future access [14].

3.3 Data Analysis
As it was mentioned in Section 3.2.1, we conducted 15 interviews in order to collect
data for our study. In order to prepare the interview data for analysis, first we
needed to have a reliable transcription of the interviews.

We can see transcription as a way to get a better understanding of what has been
said during an interview, which can be of value during the process of data analysis
[33]. The transcriptions of the interviews were reviewed by both the researchers and
checked with the records in order to fix the mistakes. This was also considered as
an opportunity to review the interviews and comprehend it better before moving to
the next steps.

The names of the interviewees were removed from the transcript files and re-
placed by the corresponding code that was assigned for each interviewee, so that the
transcripts would be kept anonymous.

In order to get a better understanding of what we have in the transcripts, which
consists of huge amounts of data and transform it to information with transparency
that can be presented in a report, coding was applied based on the transcripts data
[34, 35].

Data analysis was followed based on predefined steps [15].
Before starting the coding process, we exported the transcripts text for each inter-
view into an excel file. One important factor in terms of qualitative data analysis
is to keep the chain of evidence, which means that everything should be traceable
[13]. To achieve this traceability in our data analysis, we kept the data and all the
assigned codes in the same excel file. This way, we were able to trace which code is
coming from which part of the data.

In the first step of coding, some parts of the transcripts were mapped to a cor-
responding code (Appendix D), which are just a shorter description of that part
that gives meaning to it based on the study purpose [33, 34]. So, the amount of
data that we needed to apply our analysis on, was shrunk to codes that are of value
for the study [33, 35]. We went through the data in the excel file containing the
whole transcript and assigned codes to any piece of data that was of interest for our
study. The codes were just a summary that could help us to understand which sort
of information each part of the data is referring to.

The second step of coding was providing themes for putting a group of codes that
are similar in some way together [34].

Themes are used based on our inferences from the codes, coming from the first
step, so that they bring the codes to a higher level of abstraction that convey con-
cepts that are related to the study purpose [33, 34]. We provided a new column to
assign categories to our codes and put the similar codes in terms of the value that
they could provide, related to our research questions, in the same category.
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Due to the inconsistency of codes in the emergent coding approach, the codes
were needed to be modified to reach some sort of compatibility [34]. We made a
copy of the results of our coding from this step in another excel file, to find the
similar codes for the coded interviews. The codes that conveyed the same meaning
were merged to achieve more consistency and make it easier to count and find the
codes that were more repeated (Appendix E).

Finally, implications of the themes from the previous step were provided that
could be directly connected to a particular concept of the study[33]. For the next
step, we brought all the codes from all the interviews together in an excel file. All
the codes were reviewed and merged based on their concepts. One of the purposes
of coding is mapping the data in order to find the relations with research questions,
so we can find the parts of the data that are related to a specific research question
[34]. We mapped the codes to different subsections related to our research questions
and counted them to find which codes are more repeated in our data (Appendix F).

The process of coding mainly consists of a few iterations to revise the codes and
validate them based on the knowledge we gain through the process and make them
more consistent [34]. These iterations and revisions were applied in the whole steps
of our coding process.

Following the completion of the coding process, we created a Miro board to
show the codes associated with each study topic and also find the better connection
between them and a better structure to present our results.Miro is an online collab-
orative whiteboard with a variety of features and themes that greatly aided us in
effectively visualizing and managing our coding results during the final steps of our
study.

We placed sticky notes to display codes and recategorize them in an attempt to
merge relevant codes as much as feasible to a more abstract topic. We used various
blocks and assigned each one a high level label, then searched for more related codes
and filled the block with them. We also created 4 frames which consist of several
blocks. The frames were chosen in response to the research questions’ main topic
(Appendix G). The frames are as follows:

• ARTs Similarities and Differences: This frame consists of four main blocks
for the three ART as well as the supporting ART. Moreover, each of the
blocks has several sub blocks with relevant codes. For example, block ART 1
consists of 7 sub blocks which are the ART’s requirement documentation tools,
abstraction level and style of requirements that are stored in tools, types of
trace links, traceability workarounds, etc. We can easily notice the similarities
and differences of the ARTs in this frame by comparing the similar sub-blocks
of each ART.

• Similarity and Differences Reasons: In this frame, we collected different blocks
for reasons behind the ARTs similarity and differences

• Problems: We have two blocks in this frame for problems that are based
on differences and other problems related to traceability. We attempted to
connect problems from these blocks to related blocks in the Similarity and
Differences Reasons.

• Suggestions: In this frame, we organized all of our interviewees’ suggestions
related to solving problems, supporting reasons for alignment and its challenges
and suggestions in different blocks.
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While using the Miro board, we put the number of occurrences of each code in
each sticky note (which are the final codes from the excel files) as a factor to help us
identify which problems are mentioned from more interviewees. However, we tried
to avoid ranking codes based on only this factor and tried to include all the codes
in our interpretation and further validate them by the survey results.

After finishing our journey of data analysis, we designed a survey and a workshop
for validating the analyzed results, in the company.

As previously stated, we held a workshop and the participants were asked to
complete a survey during the session. The survey results helped us to validate our
interpretations and review the high level codes and bring them more confidently to
our results.
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4
Results

4.1 Challenges for Automating Traceability Inte-
gration Across the ARTs

In order to integrate traceability across the ARTs, the supporting ART needs to
extract the data of the requirements and trace links related to requirements from
each ART. In this chapter we go through the factors that impact the process of
extracting this information. First, we show our results related to how the differences
in requirements documentation and traceability practices between these three ARTs
are affecting the automation of this process. Then, we go through other problems
in accessing the required data based on missing data related to requirements and
trace links. Figure 4.1 provides a summary of the main challenge and the factors
that contribute to this challenge.

Figure 4.1: Summary of challenges for automating the integration of traceability
across the ARTs

It should be noted that the main focus of our study is on the problems that arise
from the differences of requirements documentation and traceability practices across
the ARTs.

4.1.1 C1: Inconsistencies in Requirements and Trace Links
Requirements and trace links related to requirements are inconsistent. This is partly
due to the fact that there are differences in the ways the ARTs are managing their
requirements and trace links related to requirements. These differences are mostly
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coming from using different tools for documenting information related to require-
ments and their trace links. These trace links consist of links that connect require-
ments to other requirements or requirements to other artifacts (e.g. test cases,
implementation). In addition, the structure of requirements such as abstraction
level and the type of content in these levels differs between the ARTs. Moreover,
the requirements traceability workarounds and the type of existing trace links even
differ within one ART.

These differences induce inconsistency in data related to requirements and trace
links. Furthermore, they bring the data to a state that can not be understandable
outside the ARTs. Also, the diversity of practices leads to a situation where the
supporting ART has no choice but developing and maintaining different solutions
for each ART in order to extract the data related to requirements and their corre-
sponding trace links, if they want to provide this data extraction automatically for
the ARTs.

Consequently, the current workaround to avoid maintaining different solutions
for each ART is a CSV template file, provided by the supporting ART, that needs
to be filled out by each ART. The manual option of using these CSV files requires
too much effort by each ART to prepare the required data, which is not efficient.

The following sections explain the identified differences that are giving rise to the
problem of inconsistency in requirements and trace links.

4.1.1.1 C1.1: Different Tools for Managing Requirements

All the ARTs are required to use a new official tool for documenting requirements,
which has been introduced in the past few years. However, our findings show that
the start date of the transition has not been the same for different teams, even within
the ARTs. Moreover, in some teams the old official requirement documentation tool
is still in use for the projects which are in the maintenance phase. Furthermore, some
teams only managed to make the transition to the new tool for the new projects
recently.

Apart from this, other tools are being used to store information related to re-
quirements.

In all the ARTs, employees stated that they are using Simulink, whether to store
unit level requirements or connect implementation from Simulink to requirements
in other tools, such as the requirement documentation tool.

It should be mentioned that addressing the dependencies between requirements
that are spreaded between these tools is an ongoing issue for the three ARTs and
the supporting ART.

Furthermore, in ART 1, a customized version of Jira for the company was men-
tioned as a tool they use to reference requirements for keeping track of the status of
requirements and assigning tickets for reviewing them.

Also, in ART 2, Medini is being used as a tool for safety analysis and metrics eval-
uation related to hardware, which requires it to be linked to software requirements
in the official requirement tool.
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4.1.1.2 C1.2: Differences in Requirements Abstraction Levels and Type
of their Contents

The abstraction levels of requirements differ between these three ARTs. These
differences are in the levels that each ART is using for the breakdown of their
requirements and the type of content in the same levels.

Based on our findings, in ART 1, requirements are broken down into more levels
compared to ART 2 and ART 3. Apart from this, due to the direct user interaction
with the function provided by ART 1, they have a requirement level related to the
user expectation from the product. This level is supported by use case diagrams for
more clarification of the customer needs. Further, they break down these require-
ments into other levels, moving from higher levels of abstraction to lower levels and
finally they end up breaking down on software requirements. All these levels are
stored in the official requirements documentation tool.

Although, in ART 2 and ART 3, the final user does not interact with the functions
directly and they skip the requirement levels related to the final customer in the
way of breaking down their requirements. In ART 2 and ART 3, system level and
software level requirements are currently being used. These two levels are stored in
the official requirements documentation tool. In addition, both of these ARTs have
moved toward writing more higher level contents on the system level.

Apart from this, in ART 2, the software requirements are broken down further
into unit level requirements. These requirements are on the implementation level
and stored in Simulink. In addition, in ART 3, the team working with diagnostics
only uses software level requirements.

While all the three ARTs are using software level requirements in the official re-
quirement tool, the types of content provided across the ARTs are not consistent.
For instance, ART 1 is focused more closely towards the implementation level com-
pared to ART 2 and ART 3. In fact, in both ART 2 and ART 3, the participants
reported trying to avoid writing implementation level requirements on this level in
the official requirement tool.

Furthermore, all the three ARTs are using text supported by diagrams which are
added in image format to provide content for their requirements. The reason for
adding diagrams(e.g use case diagram, sequence diagram) is to provide better un-
derstanding for the textual requirements. The following quote provides an example
of the requirements style:

“The level of requirement can be the same but it can be written in dif-
ferent ways. Some use more diagram styles and state flows, flow charts,
etc. I’m writing text perhaps. Others have more use cases based on the
customer function and not so much text, so it’s a bit of a difference.”

— A function owner

The above quote from a function owner, working in one of these three ARTs,
illustrates that the combination of text and quote can be one of the sources of
inconsistencies in the content of requirements.
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4.1.1.3 C1.3: Differences in Traceability Practices

There is no unified way of providing trace links related to requirements even within
the ARTs. We have identified diverse ways of providing trace links in different teams.
In fact, there is a lack of having a stable official way of providing requirements
traceability in the ARTs. Apart from this, all the identified current workarounds to
handle requirements traceability are based on manual solutions.

For example, adding the requirement id or a hyperlink from the official require-
ments documentation tools, in Simulink has been one way to provide trace link from
these requirements to implementation in Simulink. Some of our participants from
ART 3 said that they have used this approach at some point but they are not using
it any more, while it has been brought up as an in-progress workaround from one of
the participants in ART 2.

A further instance of this is that to create trace links between requirements that
are in the same level or from different levels, in the new official requirements doc-
umentation tool, reference numbers have been used. These references are added as
part of the requirements text to show if a dependency exists in the selected require-
ment with other requirements. A problem that exists in using this approach is that
finding links in both directions is not straightforward, because when a requirement
is added as a reference to another requirement’s text, the link is not visible in the
referenced requirement itself.

Moreover, there have been other workarounds to manage traceability in the
new official requirements documentation tool, but due to our participants, these
workarounds are not stable and are prone to frequent changes.

This should be noted that the trace links related to requirements are scattered
in different tools and documents. Therefore, this leads to inconsistency in the data
related to trace links, which makes finding the related links a challenge that further
makes problems on the integration level.

4.1.2 C2: Missing Data related to Requirements and Trace
Links

Requirements status: The features in the official tool for documenting the re-
quirements are not sufficient for managing the status of the requirements (e.g.
defined, implemented, tested, reviewed). For example, as mentioned before in
one of the ARTs, the workaround is to use a customized version of Jira tickets
to follow the state of the requirements. This is due to the fact that the official
requirement tool can not fulfill their need to manage the status of the require-
ments. Accessing the data related to requirements status is problematic and
challenging due to the fact that there is no integrated tool to manage their
status.

Version control for trace links: The trace links are not version controlled. In
fact, the history of changes in the trace links are not visible, provided that there
is no way to track the changes of these links. For example, if a link is removed
by mistake there is no chance to discover that a mistake has happened.

Missing trace links: We have identified traceability as an ongoing work in all the
three ARTs. Incomplete or missing trace links have been reported in these
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ARTs in different sections like trace links between requirements to require-
ments in other levels or in the same level, requirements to other artifacts (e.g.
implementation and test cases).

4.2 Reasons behind Differences in Requirements
Documentation and Traceability Practices

As the differences in requirements documentation and traceability practices is iden-
tified as one of the main challenges in gathering information for requirements trace-
ability integration, in this section we will go through different reasons that are giving
rise to this diversity. The reasons are categorized to tools, guidelines, problems in
applying large scale agile, priority of traceability and different needs.
A summary of these reasons and their contribution in causing differences is provided
in Figure 4.2.

Figure 4.2: Summary of the reasons behind differences in requirements documen-
tation and traceability practices
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In addition, the results of the survey shows the level of agreement from the
participants of the workshop with the reasons that end up to the diversity of these
practices (Figure 4.3). This should be mentioned that the participants were asked
to answer this survey question during our presentation right after our explanation
about this specific topic, to mitigate the risk of misinterpretation.

Figure 4.3: Survey results for reasons behind differences

4.2.1 R1: Tools
Our findings suggest that tools have been one of the sources of diversity across the
ARTs. This related to the tool itself and the process of changing tools throughout
the company. In this section we will discuss the causes of diversity that are somehow
related to tools.

4.2.1.1 R1.1: The Process of Transition to the New Requirements Doc-
umentation Tool

Having the same tool across the company can bring the expectation of moving
toward more alignment. However, the transition phase from the old tool to the new
one has introduced new inconsistencies in the requirements. Representatives from
different teams mentioned different dates of starting this transition which has caused
more diversity in the tools that are employed by different teams in a specific period
of time. In addition, some old projects in the maintenance phase are still using the
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old tool and some teams are still relying on the old tool for fulfilling their needs to
some extent. In other words, this transition process has been identified as one of
the significant sources of diversity across different teams.

4.2.1.2 R1.2: The New Official Requirements Documentation Tool is
still Evolving

Our participants claimed that they get frequent requests to change their way of
working with the tool, especially with the functionalities related to traceability.
This is due to the fact that the new tool is still evolving. Indeed, the process of
updating the current workarounds and adapting to new changes is time consuming
for the employees. It should be mentioned that even in one ART, the process of
this change can vary between different teams. The time that a team needs to get
the changes and adapt to them is not the same as the other teams. Accordingly,
this can cause more diversity in the ways of working even within one ART. The
traceability workarounds are not still stable due to these changes and this brings
disappointment and reluctance to apply the received workaround due to the fact
that the requested change would not provide long term value.

The following quote provides an example of the amount of changes that the
employees are facing related to the requirements documentation and traceability
practices:

“[...] So you’re seeing the changes that come to you are too fast that you
don’t have enough time to adapt to it. And you think if you change it,
maybe tomorrow there will be another change. You again have to modify
it. ”

— A function owner

As it was noted in the above quote, the high frequency of updates is considered
as an issue by the employees.

4.2.1.3 R1.3: The New Official Requirements Documentation Tool is
not complete

The requirement documentation tool is still missing essential features and can not
provide the ARTs with all the functionalities they need for managing their require-
ments. In order to meet their needs, teams are utilizing other tools along with the
official requirement tool. For example, we have discovered dependencies on the old
requirements documentation tool in some parts. Further, the participants indicated
that this tool is not sufficient in providing the required traceability, causing using
other approaches in applying trace links.

A further instance of this is that in ART 1, a customized version of Jira tickets has
been used for managing the status of the requirements (e.g. implemented, tested,
reviewed) due to the lack of this functionality in the new official requirement tool.

4.2.2 R2: Guidelines
Guidelines were mentioned as one of the most important factors that affect diversity
by our participants during the interviews and workshop. This is due to problems
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in creating and maintaining guidelines that can be used as a reference point to
help with clarifying different requirements documentation and traceability practices.
Problems in managing guidelines can lead to misinterpretations and lack of a shared
understanding that affects communication and collaboration across the ARTs.

4.2.2.1 R2.1: Lack of Clear Guidelines/ Standard for In-house Software
Development

Most of our interviewees stated that they are not aware of any specific guideline or
standard across the ARTs that clarifies how they should break down the require-
ments, what type of contents are required on each level and how to manage trace
links, when it comes to in-house development. Some of our interviewees described
that there are some guidelines that are provided within the ART or team that they
are working in.

The following quote is related to requirements documentation and traceability
practices for in-house software development:

“ [...] So the levels of requirements and how requirements are returned
and how they’re linked and so on are not standardized.”

— A product owner

The above quote indicates that there is no standardized approach in documenting
requirements and trace links across the ARTs.

The following quote provides another instance that more specifically suggests the
lack of guidelines as an important issue that leads to diversity:

“I think the main issue for us is that we don’t really have a process on
how to work with the safety software in house. And that’s why we had to
start with doing this requirement structure ourselves, because normally
it should be in a process of how to refine requirements.”

— A system architect

As it was noted by this system architect from one of the ARTs, not having a
standard or instruction related to in-house software development leaves the ARTs
with no choice but to define their own way in structuring requirements.

Further, only two of our interviewees mentioned that they are aware of a company
level guideline that addresses the generic level of requirements. However, they also
confirmed that this guideline doesn’t provide clear information about the purpose
of the content in a specific level and is not sufficient to clarify how they are required
to provide requirements and trace links.

Lack of awareness of how to work has been confirmed by 13 of our interviewees and
got the highest level of agreement in our survey as a reason for the current differences
in requirements documentation and traceability practices across the ARTs. In fact,
the participants complained about not having a guideline to help them to better
understand how they are supposed to manage tasks related to requirements.

Apart from this, there is a lack of assessment based on standards/ common expec-
tations on the provided documents on requirements and their trace links. Getting
effective assessment and feedback is essential to help the employees in improving
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their knowledge about the way of working and the outputs they produce for require-
ments that will be used for traceability integration later on through the process.

4.2.2.2 R2.2: Guidelines are Not Maintained based on Process/ Tool
Evolution

While there are frequent changes in the new official requirements documentation
tool, there is no updated guideline available for the ARTs based on these changes.
Along with the tools, the process is also evolving. This evolution is more obvious in
the company’s plan to move toward more in-house development, which requires the
current guidelines/ standards that are mostly designed for communicating require-
ments to suppliers to be extended for in-house development .

Problems in managing the guidelines/ standards to be compatible with the pro-
cess can lead to a direction where the employees will need to deviate from the
existing guidelines to be able to make progress in their tasks. The following quote
is an example of this problem:

“[...] But maybe more that the process has kind of evolved. So, then if
I see that there is something wrong in that guideline. According to how
we think we should work today, then I go in and customize [...].”

— A function developer

As the above quote indicates, for guidelines to be effective, they are required to
be maintained based on the tool and process evolution. Otherwise, as time passes
the employees would need to deviate more and more from the guidelines and the
guidelines will lose their efficacy. Most importantly, the deviations would happen in
different teams and ARTs and these groups would go toward different directions in
their requirements documentation and traceability practices, which contributes to
more diversity in these practices.

4.2.2.3 R2.3: High Level of Dependency on Employees Knowledge in-
stead of Guidelines

There is too much dependency on the individual’s knowledge of the ways of working
with requirements and traceability. Since there are no clear guidelines helping em-
ployees with how to manage requirements and traceability for in-house development,
individuals in a team would be dependent on the other team members’ knowledge
about the related practices to a high degree. Accordingly, when someone leaves, the
team will face challenges in maintaining this knowledge. The following quote is an
instance of this knowledge loss:

“There are key people being used as a contact point for something because
of their role. But, six months down the line these people might not even be
here, or they might switch the role. [...] So they’re not the authoritative
figure anymore. Even if they have some knowledge and they can tell you,
oh, this is how I used to do it back six months ago. But this is also not
correct because what about now”

— A developer
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As this developer from one of the ARTs explains, relying on individuals to get
the required information ends up to a point when the information is not accessible
or trustable any more.

Further, losing knowledge about the requirements documentation and traceabil-
ity practices along with lack of a clear guideline to follow, will leave people with
no choice other than relying on the existing information and their own interpreta-
tions. Consequently, different interpretations lead to more diversity in requirements
documentation and traceability practices.

4.2.3 R3: Problems in Applying Large-Scale Agile
Applying agile in large-scale can bring challenges and lead to differences. Lack of
authority, freedom in teams to choose their practices and also problems in collabo-
ration across the ARTs has been identified as reasons that are promoting diversity.

4.2.3.1 R3.1: Lack of Authority

According to our interviewees, there is no role who you can refer to for providing
directions on how requirements and traceability related tasks are supposed to be
managed and what types of output is required to be presented by teams across the
ARTs. In addition, there is currently a lack of an authority or a defined role that
has the responsibility of providing feedback on the artifacts related to requirements
and traceability.

In the following quote, a tester from one of the ARTs emphasizes on the changes
that have happened due to the transformation to large-scale agile:

“[...]You changed the roles and the definition of those roles, and there
are things that are falling in between. Things that need to be done that
don’t have an owner, [...] We don’t really know who should follow up if
we have these things in the report that we need to have.”

— A Tester

As it is stated in the above quote there is no one responsible for the output related
to requirements tracing.

Lack of an authority as a reference point to provide guidance for the employees
will push them to fulfill their tasks based on their own interpretations of different
concepts and practices. As a result the provided output will be of diverse quality
based on different understandings.

4.2.3.2 R3.2: Teams/ARTs are Free to Choose their own Practices

Currently, ARTs are free to define their way of structuring requirements. Although,
there are some conventions leading them to use almost the same requirement ab-
straction levels within the ARTs.

It should be mentioned that all the teams in the company are obliged to use the
new official requirement tool as their main tool. But, they also have the choice to add
other tools to their processes or store low level requirements in the implementation
tool or the official requirement documentation tool.
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The following quote emphasizes the high level of freedom in ARTs to choose their
practices:

“Different ARTs are completely free to have their own approach, and
they’re completely free to change their approach at any point in time.”

— A product owner

As the above quote indicates the practices can freely be chosen or replaced by
new practices. While this freedom can bring agility and comfort to change the way
of working to a more suitable way, it can also be one of the sources of diversity
across the ARTs.

4.2.3.3 R3.3: Lack of Communication and Collaboration Across the
ARTs

Most of our interviewees mentioned that they are not aware how the other ARTs are
dealing with requirements and traceability. Although, based on our analysis, there
are some discussions between the ARTs about their requirements and traceability
practices. In addition, the way some ARTs have been managing these practices have
affected the other ARTs to some degree. But, we did not discover an organized way
of facilitating communication and collaboration between these ARTs.

The following quote emphasizes the lack of collaboration across the ARTs:

“I think generally that we collaborate too little. From my perspective,
everybody is going their own way, and we are more or less discussing the
same questions, but in parallel teams, it’s not so efficient. ”

— A system architect

As the above quote indicates, lack of collaboration can lead to losing the opportu-
nity for knowledge sharing which can help with solving problems in a more efficient
way.

The following quote directly states that lack of communication is one of the main
reasons for diversity in practices:

“I think the reason why there’s differences is that everyone works in their
own bubble. In my opinion, it’s just a lack of communication between
teams, sometimes between teams within the same Art, but mostly between
Arts.”

— A developer from the supporting ART

As it was stated by this developer, there is a lack of communication between
different units in the organization that is causing differences in their practice. In
fact, there is a lack of awareness in the ARTs about the practices of other ARTs,
what problems they are facing related to their practices and if they have specific
solutions for a common problem.

Moreover, an effective way of communication can lead the ARTs to find the best
practices and it might be a start point to start collaborating on promoting the best
practices across the ARTs, which can lead to more alignment.
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4.2.4 R4: Priority of Traceability
According to our interviewees, other priorities such as deliveries in a situation where
there is lack of resources, causes the traceability related tasks to be delayed. Lack
of resources has been mentioned in several interviews as one of the reasons for
the existing differences and problems related to requirements documentation and
traceability practices.

Further, there is a lack of awareness about the high importance of traceability.
The following quote is an example of this lack of awareness:

“We don’t really have understanding from the designing departments that
are writing the requirements, how important these links are.”

— A tester

As it is stated in the above quote, the teams that are responsible for managing
the requirements are not informed about the importance of providing trace link for
these requirements. This could affect the quality of requirements and trace links
that are considered as inputs for traceability integration across the ARTs.

Increasing the compatibility of the data across the ARTs requires attention and
resources to be provided from a higher level. While lack of attention to this matter
will lead to more incompatibility through time due to the increasing amount of data.

4.2.5 R5: Different Needs
Having different needs is one of the reasons that justifies diversity across the ARTs.
There are differences that are inevitable and required to exist, otherwise the specific
needs of the teams/ ARTs can not be addressed. These differences exist in the type
of requirements that the teams/ ARTs are working with, the maturity level of a
team/ ART and differences in current phases of projects. In this section we will
explain how these conceptual differences are leading to diversity in requirements
structure and tools.

4.2.5.1 R5.1: Specific requirement types

The types of requirements that are being used can affect the abstraction levels that
are needed to be able to break down these requirements to more applicable levels.

For example, in areas working with safety requirements, lower level of require-
ments might be essential. In the case of ART 2, we can see that they are using lower
level requirements compared to ART 3 to fulfill safety requirements.

The following quote gives us a further instance for having specific types of re-
quirements within one ART:

“We don’t own any system, diagnostics is more like a part of every sys-
tem. So it’s more like, we could connect some of our software require-
ments towards other teams’ system requirements. So probably more like
that than having its own system requirements.”

— A scrum master
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As it was mentioned in the above quote, the team working on diagnostics does not
need to have requirements on system level due to the nature of their requirements.

Furthermore, ART 1 is the ART with functionalities that are more directly con-
nected to the final user. To address this, they need to have requirements on a higher
level compared to the other ARTs in order to apply the user expectations and show
what is required from the final users’ perspective.

The following quote addresses the need for customization in writing requirements:

“If there are certain differences in what they contain, my understanding
would be that the main reason is that the teams have different sorts of
functionalities that they probably work with. [...] So the way we word
our requirements, the way we use images or flowcharts could be different
from the way they do it. So those small kinds of customizations I think
definitely should be allowed [...]”

— A function developer

As it was stated by this function developer, the functionalities that the teams are
working with might be different which obliges the need for different ways of writing
requirements. Indeed, these differences in functionalities are more significant across
the ARTs which will lead to higher levels of diversity.

Apart from this, some of the differences in tools that are being used by the ARTs
can also arise from their different needs. For example, in ART 2, working with more
safety critical requirements results in using a tool like Medini as an extension to the
official requirement tool for safety analysis.

4.2.5.2 R5.2: Level of Maturity of Teams/ ARTs

Level of maturity of teams or ARTs also can motivate their need to consider having
lower level or implementation level requirements. Maturity level can be related to
the time that the team members have spent in the same domain. In other words,
it depends on their knowledge related to the characteristics of the domain they are
working in.

The following quote is an example of the effect of the maturity level of a team in
their need for having low level requirements:

“ [...] If the coder is completely new and has no knowledge of the stan-
dards then they need requirements. They don’t really know what to code
otherwise. They don’t know how the system behaves and how different
standards work. Then obviously the only way to get that is through re-
quirements.”

— A system designer

As it was mentioned in the above quote, while in more mature teams people
might not need to have implementation level requirements and they prefer to have
freedom on the lower level, for teams that are less mature they might need to have
this type of requirements to be assisted on what exactly they need to provide.
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4.2.5.3 R5.3: Projects in Different Phases

A team can be part of a project that is in a different phase compared to the project
that the other team is working on. Applying changes in the setup of the projects
such as the tools that are being used for development or requirements becomes more
challenging as time passes. For instance, applying changes in tools or upgrading tool
versions becomes more challenging when most part of the development is already
done. In general, projects that are in the maintenance phase would have the lowest
priority compared to the other projects and they might not be even included in the
process of updating the tools.

The following quote gives us an example of the challenges in updating tool ver-
sions:

“If they use different versions of a tool, let’s say Simulink. It’s hard for
us to force everyone to use the same tool, even though we’re trying. But
it might be that what one team might work on is on a product that has
been in development for like 2 years. And it’s really hard to just tell them
you need to update your version of Simulink or MATLAB because then
they might need to redo a lot of things they’ve already been doing. They
don’t want to do that, so they are more or less stuck in this old version
until they go on working on a new project. ”

— A developer from the supporting ART

As it was stated in the quote, requesting teams to change their tool versions through
the development phase can be quite challenging. This is one of the reasons why
different versions of Simulink, which is currently being used for linking implemen-
tation to requirements in other tools or storing low level requirements, exist across
the teams. Another instance of this can be moving from the old official requirement
tool to the new one that has been affected by the current phase of the projects.

4.3 Moving toward more Alignment in Require-
ments Documentation and Traceability Prac-
tices

The majority of our study participants have a positive opinion about moving to a
more common/ standardized way of working related to documenting requirements
and traceability across the ARTs. A more common way of working can bring advan-
tages for the three ARTs and the supporting ART in terms of having a better under-
standing between them that can facilitate providing common solutions on managing
requirements and traceability integration by the supporting ART.

4.3.1 Supporting Reasons for Moving toward more Align-
ment

During our study, we discovered that there are several supporting reasons for the
need of moving toward more alignment across the ARTs.
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The survey results (Figure 4.4) show the level of agreement from the participants
of the workshop with the need for alignment and the reasons supporting this need.

Further, in this section, we will go over these supporting reasons for alignment.

Figure 4.4: Survey results for moving toward more alignment

4.3.1.1 More Consistency in Requirements and Trace Links for Integra-
tion

As it was mentioned before, the current workaround for extracting data from these
three ARTs is to ask them to fill out a CSV file manually. The problem of not being
able to extract information required for traceability integration in an automatic way
arises from using different tools, having different abstraction levels and also different
types of contents in each level across the ARTs. The following quote confirms that
diversity can affect integration:

“I think we will have a lot of obstacles there, especially for example in
the core system where we have so many different teams and different
functions and if they do this in different ways I think integration will be
very difficult.”

— A system architect

As it was indicated by this system architect, due to the number of teams in the
ARTs, if every team wants to have their own practices this would adversely affect
integration across the ARTs.

The following quote from a developer in the supporting ART emphasizes on the
need for standardization:
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“The problem here is that other aspects of their work need to be stan-
dardized. And a lot of output from their work needs to be standardized
and in order for us to help them produce or automate something further.
They have two choices: they even either have to comply with the new
standard way or that everybody is adopting or they won’t get what they
need. ”

— A developer from the supporting ART

As it was noted in the above quote, standardizing the outputs of requirements
and trace links from the ARTs is necessary for achieving automation in the process
of integration. Otherwise, the ARTs would not be provided with the solution from
the supporting ART for integration.

Therefore, a standard way of working across the ARTs can help automating this
process of extracting the required data and reducing manual and time-consuming
work, by providing more consistent and understandable data from requirements and
trace links for the supporting ART.

4.3.1.2 Dependency Across the ARTs

According to some of our interviewees, dependencies exist between requirements
coming from these three ARTs. One ART might be the owner of a requirement and
ask the other ART to implement this requirement for them. The current workaround
to address this type of dependencies in the requirements documentation tool is to
provide them as interfaces that are accessible by the other ART.

The other types of dependencies are in the form of requirements on a high level
that are broken down and divided between the ARTs. So, each ART owns part of
the higher level requirement. In that case, the artifacts related to different parts of
the requirement will end up together in the integration process.

The following quote confirms the existence of dependency in requirements be-
tween the ARTs:

“they seem to be sharing the same test cases that relate to their re-
quirements. Because, the test cases they’re using are linked to require-
ments.[. . . ] So they do have a dependency in requirements, but they don’t
have a common standard.”

— A developer from the supporting ART

As it was mentioned by this developer, having alignment and standards is impor-
tant due to these dependencies.

Dependencies between requirements from ART 1 and ART 2 and also ART 2 and
ART 3 were mentioned during our interviews. Although, most of our interviewees
from these three ARTs were not aware of the problems that exist related to these
dependencies. Some of them stated that there are more dependencies between their
ARTs and other ARTs that are working with hardware requirements. To address
these dependencies and communicate these requirements a more aligned way be-
tween the ARTs can help them in the process of communicating their requirements.

The following quote emphasizes the need for standardization on the levels that
these dependencies exist:
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“I think it should be standardized on a higher level. So, it should be
standardized on those requirements which then would interact with other
ARTs. Because like I said, we have certain lower level requirements
which need not be very informative to the other ARTs. So I would say
that there we can have our own freedom and decide within our art as to
how those lower level requirements should be written.”

— A function developer

As it was mentioned by this function developer there is need for both customiza-
tion and alignment in respect of the level of dependencies and the need for collabo-
ration.

4.3.1.3 Common Guidelines Across the ARTs

As indicated before, employees complained about lack of awareness and understand-
ing of how to work, when it comes to requirements and traceability. Again, not hav-
ing a guidelines to follow is one of the reasons for this lack of awareness. Moreover,
there is lack of shared understanding across the ARTs, due to not having a common
guidelines / standards between them. While as it has been discussed before, there is
a need for having a shared understanding across the ARTs, which can help with the
process of integration of the trace links across the ARTs by the supporting ART.

Additionally, providing and maintaining separate guidelines for each ART is time
consuming and requires resources. In fact, it is easier to provide and maintain a
common guidelines for aligned processes and practices.

The following quote provides support for having a common way and guidelines
across the ARTs for in-house software development:

“[...] there’s no reason why we from ART 1 actually should have like
different guidelines for the different levels. I think that would just be a
good thing If we could have a common and standardized way of working
on these different levels between ART 1 and ART 2 .”

— A system designer

As it was mentioned by this system designer, for the ARTs that are moving toward
in-house software development, having a standard way and common guidelines for
writing requirements could be beneficial.

4.3.1.4 Helps with Fulfilling Safety Standards

The company is required to fulfill the safety standards and every ART is responsible
to meet these specific standards, while the current diverse workarounds across the
three ARTs is affecting traceability and causing problems in the process of automat-
ing traceability. A more aligned and standardized way of working can facilitate
meeting the safety standards across the ARTs. The following quote supports this
reason:

“I think it’s important that we standardize these things at our company,
I mean, especially from a safety and legal point of view. It’s good that
we work in the same way.”
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— A system architect

As it was mentioned by this system architect, having a standardized way of
working is valuable from the safety perspective.

4.3.2 Scope of Alignment
For defining the scope of alignment, we mostly focused on alignment across the
ARTs. But, we also asked about the employees opinion about alignment within the
ARTs and across the company through our interviews and workshop.

Alignment within the ARTs has been challenging as our interviewees mentioned.
But, looking inside the ARTs we can see that the requirements documentation prac-
tices are aligned to a high degree.

When asking about having alignment across the ARTs in the workshop, 69% of
our participants stated their agreement and the other 31% responded “neutral”,
while surprisingly no one disagreed with the option of having alignment across the
ARTs. The following quote from the interviews also supports the idea of alignment
across the ARTs:

“[...] I think it should probably be across the ARTs, at least in our de-
partment. Yeah, I don’t know if it’s a good idea or if it’s even possible
to have a standard across the organization.”

— A developer from the supporting ART

As it was noted in the above quote, having alignment across the ARTs working
in the same department can be practical.

However, the responses were considerably different when asking about alignment
on the company level. Only 32% of our respondents agreed with this option and
12.5% stated that they disagree with this option.

The following quote clarifies on how to define the scope for alignment:

“Well, at least if there is one team that should develop a framework
for this. Then it’s so much easier if everyone uses the same solution.
Otherwise it’s really hard to maintain. So, I would say at least for those
ARTs that we support, I would like them to have the same way of working.
Should it be the same across the company? But perhaps if they would like
to use our solution? ”

— A developer from the supporting ART

As it was mentioned by this developer from the supporting ART, alignment pro-
vides value when there is a need for a common solution.

4.3.3 Challenges for Alignment and Need for Customization
While alignment could bring advantages and help in many aspects as it was men-
tioned in the previous section, the process of moving toward alignment is challenging.

In fact, this would be challenging to make all these three ARTs following the
same practices. Some of our participants mentioned that aligning practices of re-
quirements documentation has been challenging even within their ART. But, our
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findings shows that they have achieved a level of alignment in terms of abstraction
level of requirements and to an extent in the type of provided contents in each level
within the ARTs.

The following quote states that there is reluctance to change:

“Some ARTs maybe won’t do that, and then they have their legacy, even
if the structure was not good before, they go on with that because it takes
so much time to rework everything. As I said, there has been a lot of
resistance within my ART as well to do this.”

— A system architect

As this system architect states due to legacy and the amount of work that is
required for change, aligning is even challenging within one ART.

Every ART has its own way of working in dealing with requirements and trace-
ability. Some of their practices have been established for a long time and changing
them is challenging because it might require changes in many related parts. Changes
in large corporations always necessitate a significant amount of time and effort, as
well as the participation of individuals who are eager to change.

The following quote emphasizes the effect of alignment on different sections:

“I think it will pose a lot of problems because it will require the ARTs
to probably change their way of working a lot and it will. It may also
pose big challenges in modifying the requirements management system to
accommodate the standard. And they have to kind of be willing to take
on that work, depending on how much it is. To modify their data model.
And in the requirements management system. ”

— A developer from the supporting ART

As it was stated in the above quote, alignment requires change in different prac-
tices, the models and tools to be compatible with the new standards.

Apart from this as it was mentioned before, part of the differences are because of
different needs that exist between the ARTs and even sometimes between the teams
within one ART. Generally, having different needs can lead to a level of diversity
that can be considered inevitable in practice. There is no tool at the moment that
can address all the specific needs of different ARTs. For this reason, teams and ARTs
would be left with no choice but adding the tools that they need to their existing
processes. Additionally, not all the ARTs can use exactly the same requirement
levels. Therefore, In order to fulfill the needs that are specific for a team or an
ART, it is necessary to consider the need for diversity and customization in some
parts.

4.4 Suggestions

As part of our study we asked for suggestions from our interviewees to help with the
current problems related to diversity of requirements documentation and traceability
practices. Further, these suggestions were validated through our workshop.
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4.4.1 A more Mature Reference/ Standard Model
As it was mentioned before, there is a need for standards and guidelines that specif-
ically address the requirements for in-house software development. Further, this
reference/ standard model needs to be mature enough to address the needs of all
the ARTs. In this section we go through the attributes that are needed to be in
the model. Further, we discuss the need for having central initiatives to develop the
model and the authority to maintain the model and be a reference point in terms
of guidance and assessments for the model.

4.4.1.1 What to have in the model

S1. Requirement abstraction levels and trace links: Include all the different ab-
straction levels that are needed to fulfill the needs of these three ARTs. In
addition, the types of trace links between requirements in different abstraction
levels and a specific abstraction level with other types of artifact( e.g. code,
test) are required to be described.

S2. Clear purpose of the content of requirement levels: The purpose of the content
that is supposed to be provided for each level, needs to be addressed clearly.
This can help to have a shared understanding of each level while writing a
requirement in a specific abstraction level. Further, it can be used as a ref-
erence point for the supporting ART to know what is the type of content in
each level. Moreover, this leads to reducing the inconsistencies that exist in
the contents of the same abstraction levels.

S3. More examples for clarification: Supporting the model with more examples for
how to break down requirements to different levels, what type of content to
put on each level and how the trace links are supposed to be provided between
the levels can mitigate the risk of misinterpretations by individuals.

S4. Avoid rigid constraints that dictate writing too much details: Having rigid
constraints in a requirement abstraction level can cause going to a level of
detail in its content that is not necessary for that level. In fact, this much detail
might be required again in a lower abstraction level through the breakdown
of that requirement. As a result, we can end up having the same content or
duplicated information in two different levels of a specific requirement.
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Based on the survey results (Figure 4.5), most participants also acknowledged
that a standard model should include the parameters we outlined in Section 4.4.1.1.

Figure 4.5: Survey results for the reference/ standard model

4.4.1.2 Central initiatives to develop the model

For the reference/ standard model to provide value in practice, it is required to be
managed by an authority. The authority is supposed to have some responsibilities
related to managing the model:
S5. These central initiatives can be formed based on discussion and agreement

across the ARTs. Representatives from the three ARTs and the supporting
ART can come together and discuss the current workarounds and share their
problems and needs together. Further, they can share their knowledge about
different aspects of their requirement and traceability practices and use this
knowledge as a base for developing this model.
The following quote indicates that central initiatives should be based on dis-
cussion across the ARTs:

“[...]rather than someone from up there telling us you should do like
this and I don’t understand it and others I talked to don’t understand
it and if I see someone else is not really working according to that,
then it’s not no point for me there, so it’s. Yeah, having a more
kind of agreement between all ARTs would help a lot, I would say”.

— A function owner
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As it was stated by this function owner, engagement of the employees who
work directly on requirements can provide more value for reaching a common
way of working.

S6. Another suggestion is that the model be proposed from a higher level in the
department by a group with vision about the practices used by these three
ARTs. In that case, the ARTs can provide their feedback on this model and
revisions can be applied on a model based on the feedback from the ARTs.
The following quote supports the idea of providing a proposal from a higher
level in the department to develop the model:

“[...] if there is a proposal that is presented to our ART like we think
everyone should work like this now and we can review it, then I think
it’s fine. But like going into discussions with all the other ARTs to
try to find that way, I would not be part of that.”

— A product owner
As it was stated by this product owner from one of the ARTs, this way would be

more efficient than going through discussion with other employees across the ARTs.

4.4.1.3 An Authority to Manage the Model

For the reference/ standard model to provide value in practice, it is required to be
managed by an authority. The authority is supposed has some important responsi-
bilities in managing the model:

S7. Coaching the teams to follow the reference model: The authority is expected to
coach the teams and assist them in following the reference model. It should be
noted that for the reference model to be followed by the teams, it is required
to be supported by an authority to be there for addressing ambiguities and
providing clarifications on the model.

S8. Provide assessment on the teams work to be compatible by the model: Assess-
ment on the output provided by teams are needed based on the model. This
can help the teams to improve their work based on the assessments from the
authority. Additionally, it can identify the mistakes made by the individuals,
which can be based on lack of knowledge or just unavoidable human mistakes.

S9. Update the model based on feedback: For the model to be efficient and cope
with the process evolution and unexpected needs, it is essential to be updated
based on changes in the ARTs’ needs. The authority is responsible for having a
solution to get frequent feedback on the model. Furthermore, the authority is
expected to have a plan to improve the model based on the feedback received
from the ARTs.

Figure 4.6 displays a table that consists of the interviewees suggestions about
having a reference model across the ARTs with several specifications and it can be
used as a suggestion that can contribute to mitigate the effect of the factors that
cause differences in requirements documentation and traceability practices across
the ARTs. This table illustrates clearly the relation between these suggestions and
problems based on the study results.
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Figure 4.6: Suggestions that can contribute to mitigate the effect of the factors
leading to diversity of practices across the ARTs

4.4.2 Managing tools for requirements and traceability
As it was discussed before, some of the reasons for the problems of integrating
traceability across the ARTs are related to the tools that are somehow connected to
requirements. The following suggestions are related to tools:

S10. More stable tool before use: Having a more stable tool before starting to use it
through the organization can help with avoiding unexpected diversities, which
can happen due to frequent changes. Additionally, for the official requirement
tools it is better that they come with all the required features related to
traceability before putting them into use. This is required to avoid the need
to add other tools through the process by different teams.

S11. Do all the breakdown of requirements in one tool: By having just one tool that
consists of all the data of the breakdown of requirements, we can have all the
trace links between different requirement levels in one tool. This facilitates
the process of integrating traceability across the ARTs by providing more
consistency and decreasing the need for integration between different tools.

S12. Keep the implementation level requirements in Simulink: In order to avoid
having implementation level requirements in the official requirement tool and
giving more freedom to the developers, we can keep these types of requirements
in Simulink. Indeed, by following this way the supporting ART will have to
provide an extra solution to extract the requirements from Simulink. Further,
another solution is required to integrate Simulink with the official requirement
tool to avoid the current solution of adding the requirement id in Simulink.
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In the table below (Figure 4.7) we can see the relation between the interviewees
suggestions that helps to manage tools across the ARTs.

Figure 4.7: Suggestions for managing tools across the ARTs
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In this chapter we will go through the discussion of the findings of our study. First, in
section 5.1 , the relation between the findings and the research questions is provided.
Then, in section 5.2, a comparison of our study to related works will be discussed.
In section 5.3 , we will talk about how our findings can be valuable in the case
company and similar cases in practice. Finally, in section 5.4, the threats to validity
and what we did in order to decrease their impact or mitigate them.

5.1 Findings in Relation to Research Questions
According to our results (Section 4.1), inconsistencies and missing data in require-
ments and trace links lead to problems for automating traceability integration.

Section 4.1.1, answers our first research question (RQ1) by identifying the dif-
ferences that lead to inconsistencies in requirements and their corresponding trace
links, which adversely affect collaboration across the ARTs with the aim of inte-
grating traceability. Differences were found in the tools being used for managing
requirements, requirement abstraction levels, type of contents in each level and
traceability practices(the workarounds to link requirements to other requirements
or requirements to other artifacts (e.g. implementation, test)).

Apart from this, Section 4.1.1 gives us some insight for our third research question
(RQ3) by explaining how these differences are contributing to inconsistencies that
are causing delays in the process of automating the traceability integration across
the ARTs.

Additionally, problems other than diversity of requirements documentation and
traceability practices that are affecting the integration of traceability are explained
in the results (Section 4.1.2). Missing data related to requirements and trace links
is a problem that exists within the ARTs and can be categorized as a traceability
problem in smaller units like teams, which in the end contributes to the main problem
of integrating traceability across the ARTs.

Furthermore, we found the reasons behind the differences in requirements doc-
umentation and traceability practices (Section 4.2). This addresses our second re-
search question (RQ 2). These reasons cover all the identified differences in Section
4.1.1. These reasons are categorized as factors that cause challenges related to tools,
guidelines, applying large-scale agile and prioritizing traceability. Apart from this,
having different needs was identified as a reason that justifies the need for traceabil-
ity.

In Section 4.3, we can see the reasons that support the idea of moving toward more
alignment across the ARTs. This section provides further information to answer our
third research question (RQ 3).
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The results (Section 4.3) indicate that more consistency in requirements and trace
links is one of the outcomes of aligning requirements documentation and traceability
practices, which can help with one of the main challenges in our study (Section
4.1.1). Furthermore, a shared understanding is required between the ARTs and
the supporting ART to be able to provide solutions for extracting the data for
traceability integration. Due to the dependencies that exist between the ARTs,
a shared understanding would provide more ease in communication in terms of
dependent requirements. Reaching to this shared understanding has been a great
challenge due to the diverse practices across the ARTs. More aligned requirements
documentation and traceability practices supported by a common guideline across
the ARTs can promote this shared understanding. Finally, the results show that
alignment brings benefits of a more standardized way, which helps with fulfilling
safety standards.

In addition, more aligned practices across the ARTs, gives the opportunity for a
more common solution for extracting the data and integrating traceability. Whereas,
the current existing diversity between the ARTs requires maintaining different solu-
tions, which is not sustainable considering that more alignment is applicable to an
extent.

Otherwise, the ARTs need to provide the data themselves in a format that is
understandable and acceptable by the supporting ART. In fact, making the ARTs
responsible for providing this data means asking them to provide their own solutions
to collect the data and present the data in a common format.

Moreover, our findings (Section 4.3) suggest that the need for customization
should be considered, while talking about alignment. As it is elaborated in Sec-
tion 4.2, differences in needs across the ARTs justify the necessity of customization
in some parts. The need for using different abstraction levels across the ARTs and
the demand by some teams for specific features that can not be addressed by the
requirement tool should be taken into account.

In the Section 4.4, suggestions are provided in terms of moving toward more
alignment, while considering the need for customization. This section focuses on
our third research question (RQ 3).

Our findings (Section 4.4.1) suggest that having a reference/ standard model for
requirements and trace links related to requirements across the ARTs, can provide
solutions for the problems arising from diversities. The model can be used as a ref-
erence point across the ARTs to promote a shared understanding of the abstraction
levels, type of the content that needs to be provided in each level and the required
trace links related to these levels. The model can be used to decrease the inconsisten-
cies related to misinterpretations, by clarifying the purpose of each abstraction level
and further lead to a more aligned approach in writing requirements. Moverover,
some of the abstraction levels are common across the ARTs , while some of the levels
are connected to the specific needs within the ARTs (Section 4.1.1.2). The model is
required to address all these different levels to provide customization based on the
specific needs in the ARTs and alignment where there are common needs.

In order for the reference/ standard model to keep pace with the changes in the
process of the ARTs, there is a need for an authority to manage the model. More
simply, the authority should take the responsibility to update the model based on
the feedback from the ARTs. Otherwise, as it was mentioned in Section 4.2.2.2,
deviations will happen as time passes due to the model not being able to fulfill the
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ARTs’ needs and it will cause the model to fail its objectives. Further, assessments
on the requirements and their tracelinks can be applied in reference to this model.

5.2 Implications for Research
In this section we go through a comparison of our findings with the other results
from the related works to our case study.

Wohlrab et al. [5] suggests why there is a need for diversity in RE practices and
how diversity and alignment of RE practices is addressed in corresponding RIMs,
while in our study we focus on the factors that contribute to the existing diversity
in requirements documentation and traceability practices (Section 4.2), whether it’s
needed or is an outcome of another problem. Our findings indicate that some of
the reasons for the differences in requirement documentation and traceability prac-
tices, across the ARTs that are working in the same department, are the outcomes
of problems related to tools, guidelines, applying large scale agile and priority of
traceability. However, our findings also confirm the need for customization of re-
quirements levels and related tools. Further, the suggestions in our study for the
reference model is focused on managing requirements structure and trace of links,
while the RIMs in their work focuses on a broader range in RE concepts. But, the
need for diversity and customization is confirmed in both of these studies.

Maro et al. [4] mention diversity in tools and artifacts as one of their identified
challenges for traceability in automotive companies. Further, they suggest that inte-
gration is required to be applied between different tools. While diverse tools in their
study refers to the different tools that are used through the whole process of devel-
opment, we explored differences in tools in a more limited scope which is focused
on tools for managing requirements. Our study also confirms that diverse tools lead
to traceability problems (Section 4.1.1.1) and integration between tools is essential.
Additionally, our study extends their findings by exploring what contributes to the
use of diverse tools. Our findings (Section 4.2.1) indicate that through the tran-
sition process from an old tool to a new one the teams might face the problem of
dependency on the old tool. Moreover, it shows that incompleteness and lack of
stability in a new tool that is still evolving can justify the need to add other tools
to the process, which finally leads to more diversity. Furthermore, in Section 4.4.2,
it is suggested to start using the tool after it is more stable to avoid the associated
problems that lead to diversity.

In another study by Karhapää et al. [17], several challenges have been diagnosed
for reaching alignment. They describe that utilizing diverse tools is common in
order to fulfill different needs, which raises problems when it comes to integration
and alignment. Our study also confirms that the diversity of tools that are being
used across the ARTs is partly affected by different needs (Section 4.2.5). Further,
we described the use of different tools as one of the main challenges in integrating
traceability. Additionally, we explored the factors that lead to the diversity in tools
(Section 4.2.1). Apart from this, they state that missing links between requirements
and other artifacts is a great issue in providing traceability. Moreover, they add
that one of the causes of these missing links can be legacy, an example of this is the
unspecified relationship of test cases with requirements. We also identified missing
links as part of the missing data related to requirements and traceability in our study
to be a challenge for integration (Section 4.1.2). In addition, we found missing data
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in other parts. For instance, the data related to the status of requirements are not
complete and also due to the lack of version control in trace links, tracking changes
related to the history of trace links is challenging.

Dömges et al. [29] state that lacking a structured way of tracing adversely affects
the quality of the software, as well as negatively impacts the organization because
of dependency on individual knowledge and lack of common understanding of the
tracing process. Moreover, Pinheiro [21] adds that in complex systems, setting an
environment that is based on a traceability model, consisting of tools and proce-
dures with the support of automated approaches is needed, so that it can handle
the complications based on the extensive amount of data. In Section 4.1.1.3 we de-
scribed that there are differences in traceability practices due to not having an official
workaround to trace requirements even within one ART. Additionally, the current
approaches to provide traceability are manual. Furthermore, the diverse manual
workarounds to address traceability contribute to inconsistencies and problems in
collaboration across the ARTs for integration.

Neto et al. [38] mention that collaboration is essential across the boundaries of
the organization and lack of cooperation on this level can lead to more diversity in
their practices and workarounds. Our study also confirms lack of communication
and collaboration across the ARTs as one of the factors that causes differences across
the ARTs.

Sikora et al. [28] states that guidelines supporting reference models for specifying
requirements at different levels of abstraction are required to address the content
of each level and the relation between different levels. Using a reference model
was also suggested in our study to mitigate the risk of misinterpretations. Further,
our findings suggest that in order for this suggestion to be applicable in practice,
avoiding rigid constraints in providing guides for how to write the content of levels
can be helpful. Otherwise, this could lead to writing unwanted details in a specific
level that can cause duplication in different levels of the same requirement.

5.3 Implications for Practice
Our findings show that there is lack of guidance and standards in managing require-
ments and traceability for in-house software development in the case company. This
is affecting the quality of the data that is provided for requirements and the trace
links related to requirements. In fact, the provided data is not compatible across the
ARTs, which has led to the need for maintaining different solutions for each ART
for automatic data extraction.

Further, maintenance of different solutions in practice leads to an increased
amount of work and establishing manual solutions is much more expensive than
it has to be. Therefore, to be able to extract the data automatically from the ARTs
one solution is to increase consistency of the data across the ARTs.

Our study provided suggestions in order to move toward more alignment which
can further lead to more compatibility of the requirements and traceability data
across the ARTs. These suggestions are provided in Section 4.4 to mitigate the
problems related to guidelines and tools that can lead to deviations and diversities
in requirements documentation and traceability practices.

It should be mentioned that the main focus of our study was to identify the
factors leading to diversity, which could be common in other similar cases. So, our
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suggestion is to look more deeply into these factors and provide solutions to mitigate
them. We believe that there is room for increasing alignment considering the fact
that some of the factors can be looked at as a problem that could be provided
with solutions. More stability and completeness is required before adding tools or
practices to a process in companies that are consisting of different units which are
having dependency on each other. This is due to the fact that the way of handling
changes and timings can differ in different teams which can lead to diversity in a
short period of time across these units. Moreover, the problem of lack of awareness
about traceability importance is required to be addressed in the companies, specially
when it comes to safety critical domains. Finally, in the case of applying agile on a
large scale, the effect of freedom in choosing practices and the need for standards is
required to be taken into account.

5.4 Limitations and Delimitations
The data in our study is collected from different sources, which has given us the
opportunity to triangulate and to combine the interpretations provided based on
each source [11]. So, the impact of each interpretation has become limited and the
conclusion is based on the analysis on interpretation from these different sources
(triangulation) [11].

Researcher bias is also one factor that should be taken into consideration when
it comes to interpreting qualitative data [11]. But since we had more than one
researcher in our study, the results of data analysis is based on the combination of
different interpretations which increases the validity of our results [11].

Different aspects of validity [11, 13] for this case study should be considered as
follows:

• Construct validity: In conducting interviews and surveys, we considered the
fact that there might be misunderstanding of concepts and questions [11]. This
was due to the fact that the ARTs might have their own conventions and way
of interpreting different concepts. Therefore, we provided definitions for the
main concepts in the process of designing our interview guide.
Further, for the workshop and survey, where representatives were gathered
from the three ARTs and the supporting ART, we decided to divide the sur-
vey in several sections and give a more detailed explanation of each section
during the workshop then ask our participants to provide answers to the survey
questions based on our explanations. Moreover, because it was important for
us to validate the results of the study through surveys, providing accurate def-
initions of the interview results mitigated the possibility of misunderstanding
during the workshop.

• External validity: The results of this study is based on the data provided by
different ARTs in one company. One aspect that is related to external validity
is how the results from this study can be relevant to cases with common
attributes and how it can be generalized for other cases [11]. Based on the
fact that our sample is limited to one company, we tried to increase diversity
among the company representatives as much as possible.
We tried to invite representatives from different roles and teams of each ART
to the interviews. Moreover, for attending the workshop and the surveys, in
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addition to previous interviews’ participants, we invited other employees from
the three ARTs and the supporting ART.
As a result, we received 5 extra survey responses from the workshop partici-
pants who had not attended the interview sessions before.
Further, a suggestion to increase generalizability is that in a future research,
a similar survey could potentially be conducted with other companies to in-
vestigate generalizability beyond the case company, but it was not of priority
for our thesis.

• Reliability: One expectation that matters here is that if other researchers car-
ried out this study in the future, they should get the same findings. While
this ideal goal can be difficult to achieve in qualitative studies, we aimed to
at least provide recoverability, i.e. allow other researchers to achieve deep
understanding on why their insights might differ from ours. In order to sup-
port this goal, we documented the process of our study in sufficient detail.
The instructions of data analysis and coding (Section 3.3), the questions in
interviews (Appendix A) and survey (Appendix B) and also the ways that
we categorized data (Appendix G) is clearly documented. Further, it can be
investigated whether an overview of themes, codes, and example quotes can
be publicly shared.

46



6
Conclusion

This study aimed to find the differences in requirements documentation and trace-
ability practices that are adversely affecting collaboration across the ARTs to develop
and maintain solutions for traceability integration and further the reasons behind
these differences. By analyzing the reasons behind the diverse practices across the
ARTs, we came to the conclusion that there are different factors involved in leading
to diversity in practices.

Our findings indicate that diversity is unavoidable in order to provide different
teams/ ARTs with the means they require to achieve their needs. This is partly due
to the fact that there are different needs across the ARTs and even within one ART
that are required to be addressed.

However, the factors that lead to differences in requirements documentation and
traceability practices are not limited to the conceptual differences of needs that
validate the necessity for having diversity. Our study shows that diversity and
deviations are partly related to problems in guidelines and tools that are required
to facilitate the way of working for the employees. These problems are leaving
employees with no alternatives other than finding their own solutions or deviating
from the defined processes. Due to the participants of our study these deviations
that lead to diversities are not always desired but in many cases are the only option
to make progress in their work.

Moreover, based on our analysis, diversity in requirements documentation and
traceability practices is identified as one of the main challenges for automating the
process of integrating traceability across the ARTs. This is due to the fact that this
diversity exists to a degree that has introduced considerable inconsistencies in the
required data for integration. In fact, this is leading to the need to provide and
maintain different solutions for the ARTs in order to extract the essential data for
integration. This should be mentioned that maintaining different solutions demands
resources.

Furthermore, our findings show that there are other priorities (e.g. deliveries) that
will affect the availability of resources for traceability related tasks. So, making the
processes related to traceability more sustainable is a necessity. Therefore, finding
solutions to decrease the level of diversity and provide more consistency in the input
required for tracing requirements is of great value.

The participants in our study suggested that a reference/ standard model across
the ARTs for requirements and their corresponding trace links can facilitate their
work by providing more clarification along with promoting alignment. Further,
maintaining the reference model based on the process evolution and feedback from
the users along with applying assessments on the data, provided by the teams, based
on the model is of high importance. Moreover, managing tools in terms of providing
more stability and completeness has been proposed to avoid undesired diversity.
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In addition, our findings confirm that integration between different tools is of high
importance to promote consistency in the requirements and traceability data.
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Appendix 1

A.1 Interview Guide

A.1.1 Introduction
1. Introduce researchers.
2. Outline the interview objectives:

• The interview will be conducted in order to collect information related to
the case study, which investigates Traceability and Requirements Docu-
mentation Practices across the ARTs.

3. Ask interviewee about the consent:
• The interview will be recorded with your consent, using the video record-

ing and live caption option for generating transcripts in Microsoft Teams.
• Any identifiable information of the interviewee will not be used during

analysis of the transcripts and the future results that will be published
of our study.

• The anonymous interview transcripts will be accessible to the academic
supervisor, industry supervisor and the interviewers.

• The recorded videos and generated transcripts in Microsoft Teams will
be deleted by the interviewers after the Master thesis is completed.

• It is possible to skip some questions during the interview for any reason
from the interviewee or interviewers.

A.1.2 Interview Questions
Note: In several cases, the blue color questions were asked instead of the black
color questions from the supporting ART interviewees.

General:

1. Which ART are you working in? Which team?
2. Tell us about your role in the ART?
3. How many years of experience do you have working related to Requirements

or Traceability?
4. Could you give a short description of the functional area of your ART?
5. How many teams/ARTs do you collaborate with in your daily work?

Requirement Documentation Practices:
Before ask the following questions, we explain:

• What we mean by other ARTs
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• The definition of Requirement Documentation Practices which include Tools,
Requirements structure, Requirements Styles,Types of Trace link, Types of
Generating reports for the supporting ART

1. Could you tell us about the Requirement Documentation Practices being used:
(a) In your team? In other ARTs?
(b) What are the similarities and differences with other teams in your ART?Don’t

ask from the supporting ART
(c) What are the similarities and differences with other ARTs? Similarities

and differences between ARTs
2. When did you start using these practices? Do you know how long these prac-

tices have been used?
3. Are these practices modified at any point?

(a) What were the drivers?
4. Could you explain the problems related to current Requirements Documenta-

tion Practices?
(a) Any plans for modifying these practices in order to solve these problems
(b) Do you have any suggestions related to that?

5. To what extent Requirements Documentation Practices are standardized within
your company?
(a) To what degree these standards are being followed?
(b) To what extent you need to customize these practices and define your own

solutions? To what extent these practices are customized in the ARTs?
(c) How do you see the results of having standardized Requirements Docu-

mentation Practices across the ARTs?
6. What are the reasons behind differences of Requirement Documentation Prac-

tices?
(a) Between teams working in the same ART.
(b) Between different ARTs.

7. What are the problems derived from these differences of Requirement Docu-
mentation Practices?

8. To what extent do you see dependency between requirements from different
ARTs?
(a) What is current solution or workaround to address these dependencies?
(b) Which problems derived from the current solutions?
(c) What is your suggestion to tackle these problems?

Traceability:
1. Which trace links related to Requirements Documentation Practices are re-

quired to be applied?
2. To what extent the current Requirement Documentation Practices have caused

problems with providing these trace links?
3. What are your current practices in order to facilitate traceability related to

requirements ?
(a) Is it sustainable or needs some changes?
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(b) Any plans or suggestions to improve?

Lifecycle:
Before ask the following questions, we explain the definition of requirement lifecycle.

1. Could you explain about the requirement lifecycle in your ART/Team? Could
you explain about the requirement lifecycle in other ARTs?
(a) Any instruction or predefined standards?
(b) Interaction with suppliers?

Large-Scale Agile:
1. How do you see the transition to Large-Scale Agile and the changes in ways of

collaboration, causing problems related to Requirement Documentation Prac-
tices?

A.1.3 Additional comments

We appreciate your participation in this interview and the information you provided
is valuable for our study.
Is there anything else you would like to add?
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B.1 Survey Questions
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Survey-Msc-Thesis-Traceability and 
Diversity of Requirements 
Documentation Practices

Yes

No

Have you participated in one of the interviews related to our study?1.

ART1

ART2

ART3

Supporting ART

Please select your ART:2.

Please state if you disagree with anything that we mentioned about 
the "Requirement Levels" or if there is something else you want to add? 

3.

’



Please state if you disagree with anything that we mentioned about "tools" or if 
there is something else you want to add?  

4.

Please state if you disagree with anything that we 
mentioned about "traceability tools/ practices" or if there is something else 
you want to add? 

5.

’



Please indicate your agreement with the following statements: 

"One of the reasons behind differences in requirements documentation and 
traceability practices between ARTs is ...":

6.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

No
clear guidelin
e/ standard
for in-house
development 

Tools

Lack of
authority

Freedom in
teams to
decide on
their own
way of
working 

Lack of
communicati
on /
collaboration
across ARTs

Different
needs on
tools/
requirement
levels 

Priority of
traceability 

’



Please indicate your agreement with the following statements:  

"Moving toward more alignment is required because of ..."

7.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

Automation
and time
efficiency 

Dependency
across ARTs

Providing
ease and
generic
guideline for
clarification 

Fulfilling
safety
standards

More
consistency
in
requirements
and trace
links 

Common/
standardized 
way of
working can
be beneficial

’



Please indicate your agreement with the following statements:  

"To help with solving the problems mentioned related to differences of 
requirements documentation and traceability practices , a more common way of 
working/ standard needs to be applied ..."

8.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

Within ART   

Across the
ARTs 

On the
company
level

’



Please indicate your agreement with the following statements: 

"One of the important challenges for moving toward alignment is ..." 

9.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

It's hard to
change ARTs
current
practices 

It takes time

There is
always need
for
customizatio
n in some
parts based
on different
needs

’



Please indicate your agreement with the following statements: 

"In order to solve the problems mentioned, related to tools, we need to ..."

10.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

Have all
the break
down of the
requirements
in the new
tool

Update the
new tool to
better
support
traceability 

Making the
tools more
stable before
start
using(e.g. the
new tool)

Use Simulink
for low level,
the new
tool for high
level
requirements
and provide 
integration
between
them 

A tool that
integrates wit
h
development 
process and
keep track of
requirement s
tatus 

’



How do you think a more mature reference/ standard model for requirements 
and traceability can be effective in solving problems related to differences in 
requirement documentation and traceability practices between ARTs?

11.

Not
Effective

Slightly 
Effective

Moderately
Effective

Very
Effective

Extremely
Effective

’



Please indicate your agreement with the following statements:  

"A more efficient and mature reference/ standard model for requirements and 
traceability is required to ..." :

12.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

Provide clear
purpose of
the
content of
requirements
level 

Provide more
examples for
clarification 

Address the
level of safety 

Provide
clarification
for managing
trace links 

Avoid rigid
constraints
that dictate
writing too
much details 

Be updated
based on
feedback

’



This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

Microsoft Forms

Please indicate your agreement with the following statements:  

"A central initiative for developing a reference/ standard model for requirements 
and traceability is better to be based on ..."

13.

Strongly
Disagree Disagree Neutral Agree

Strongly
Agree

Do you have any other suggestion to solve the problems related to differences 
across ARTs?

14.

Discussion
and
agreement
across ARTs 

A proposal
from a higher
level and
then revisions
on model 
based on
feedback
from ARTs 

’
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Appendix 3

C.1 Survey Response
Note: In order to keep anonymity at the survey response, the name of the company’s
ARTs and some of the company tools are covered.
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Survey-Msc-Thesis-Traceability and Diversity of
Requirements Documentation Practices

1. Have you participated in one of the interviews related to our study?

2. Please select your ART:

16
Responses

33:19
Average time to complete

Active
Status

Yes 11

No 5

Charging 4

ED 5

Battery 2

SW Factory 5

ART 1

ART 2

ART 3

Supporting ART

’
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’
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’
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D.1 Coding Process - Step 1

Figure D.1: Spreadsheet of Interviews Codes - Step 1
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E.1 Coding Process - Step 2

Figure E.1: Spreadsheet of Interviews Codes - Step 2
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F.1 Coding Process - Step 3

Figure F.1: Spreadsheet of Interviews Codes - Step 3
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Appendix 5

G.1 Miro Board (The Final step in the coding
process in this study)
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Figure G.1: The study Miro Board for categorizing interviews codesXXXIV


	List of Figures
	List of Tables
	Introduction
	Statement of the Problem
	Statement of Purpose
	Case Company
	Research Questions
	Outline

	Background and Related Work
	Background
	Requirements Documentation
	Requirements Traceability

	Related work

	Methods
	Research Design: A Case Study
	Data Collection
	Interviews
	Workshop
	Survey

	Data Analysis

	Results
	Challenges for Automating Traceability Integration Across the ARTs
	C1: Inconsistencies in Requirements and Trace Links
	C1.1: Different Tools for Managing Requirements
	C1.2: Differences in Requirements Abstraction Levels and Type of their Contents
	C1.3: Differences in Traceability Practices

	C2: Missing Data related to Requirements and Trace Links

	Reasons behind Differences in Requirements Documentation and Traceability Practices
	R1: Tools
	R1.1: The Process of Transition to the New Requirements Documentation Tool
	R1.2: The New Official Requirements Documentation Tool is still Evolving
	R1.3: The New Official Requirements Documentation Tool is not complete

	R2: Guidelines
	R2.1: Lack of Clear Guidelines/ Standard for In-house Software Development
	R2.2: Guidelines are Not Maintained based on Process/ Tool Evolution
	R2.3: High Level of Dependency on Employees Knowledge instead of Guidelines

	R3: Problems in Applying Large-Scale Agile
	R3.1: Lack of Authority
	R3.2: Teams/ARTs are Free to Choose their own Practices
	R3.3: Lack of Communication and Collaboration Across the ARTs

	R4: Priority of Traceability
	R5: Different Needs
	R5.1: Specific requirement types
	R5.2: Level of Maturity of Teams/ ARTs
	R5.3: Projects in Different Phases


	Moving toward more Alignment in Requirements Documentation and Traceability Practices
	Supporting Reasons for Moving toward more Alignment
	More Consistency in Requirements and Trace Links for Integration
	Dependency Across the ARTs
	Common Guidelines Across the ARTs
	 Helps with Fulfilling Safety Standards

	Scope of Alignment
	Challenges for Alignment and Need for Customization

	Suggestions
	A more Mature Reference/ Standard Model
	What to have in the model
	Central initiatives to develop the model
	An Authority to Manage the Model

	Managing tools for requirements and traceability


	Discussion
	Findings in Relation to Research Questions
	Implications for Research
	Implications for Practice
	Limitations and Delimitations

	Conclusion
	Bibliography
	Appendix 1
	Interview Guide
	Introduction
	Interview Questions
	Additional comments


	Appendix 2
	Survey Questions

	Appendix 3
	Survey Response

	Appendix 4
	Coding Process - Step 1

	Appendix 5
	Coding Process - Step 2

	Appendix 6
	Coding Process - Step 3

	Appendix 5
	Miro Board (The Final step in the coding process in this study)


