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Evaluation of Text—Based Requirements Engineering Tools

An in-depth case study at Ericsson

Audur Katarina Theodorsdottir & Nora Ojensa

Department of Computer Science and Engineering

Chalmers University of Technology and University of Gothenburg

Abstract

Context: Additional challenges related to requirements engineering practices arise
as software development moves from the waterfall model towards agile development,
where continuous integration and continuous deployment are often employed. This
change has resulted in the emergence of new requirements engineering tools. One of
which is a tool developed in-house at Ericsson by the name of T-Regs.

Objective: The purpose of this study is to study these newly emerged tools by
conducting a case study at Ericsson to evaluate T-Regs, i.e., illustrate its advantages
and disadvantages, as well as display how the tool is used in practice in comparison to
traditional requirements engineering tools. In addition, an identification of the tool’s
characteristics that also describe tools similar to T-Reqs and a formal definition for
these tools is proposed.

Method: The chosen research method is an in-depth case study where the data
collection was both qualitative and quantitative, i.e., a mixed method design. The
qualitative data was gathered through 14 semi-structured interviews with relevant
employees at Ericsson and followed by quantitative data gathering through a follow-
up survey. The results were then discussed in a cross-industry workshop.

Results: The results illustrate that the primary expectations towards T-Reqs were
increased usability and improved ways of working, which encompassed a scale-out of
the company and facilitated collaboration, among others. These expectations were,
for the most part, fulfilled. One of the main advantages identified was the tool’s
integration into the development environment, allowing for easy access, updates,
version control, and baselining. As the tool relies heavily on its users being comfort-
able with using Git version control, one of the main drawbacks of the tool relates
to its ease of use for users who lack the knowledge of standard IT technology. Fi-
nally, the main characteristics of the tool are that it is connected to version control,
integrated into each product’s repository, and its ease of use. From these character-
istics, a formal definition of these newly emerged tools is suggested, referred to as
text-based requirements management tools.

Conclusion: This study demonstrates that T-Reqgs has been successfully integrated
into the development processes at Ericsson, providing many advantages over tradi-
tional requirements engineering tools. Thus, T-Reqs can be offered as an example of
how these text-based requirements management tools can facilitate the development
process in large-scale agile environments, once their implementation is carefully tai-
lored to the unique needs and context of the organization.

Keywords: requirements engineering, large-scale agile development, agile require-
ments engineering, requirements engineering tools, text-based requirements man-
agement tools
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1

Introduction

Due to software engineering practices moving toward continuous integration (CI)
and continuous deployment (CD), the more traditional ways of gathering and for-
mulating requirements to support a waterfall operation are less feasible. This is due
to the flexible environment CI/CD and an agile workflow present. To allocate a more
extended time to formulate requirements that further on are likely to change can be
a waste of valuable time and money. Thus, when introducing these agile methods,
typically less time is allocated to the construction of requirements. Spending less
time on the requirements often results in developers focusing solely on functional
requirements described in the form of user stories [1] and losing the level of detail
associated with requirements gathered through more plan-driven approaches [2]. In
abandoning the more plan-driven approaches, agile methods introduce a greater fo-
cus on close collaboration with stakeholders and customers, and thus requirements
must be available for changes during the development process. Using agile meth-
ods to perform requirements engineering is often referred to as agile requirements
engineering. However, a challenge presents itself when using this terminology as,
according to Heikkila et al. [3], agile requirements engineering does not have a uni-
versal definition.

To address these challenges, new requirements engineering tools have emerged
that support an agile environment, which is very susceptible to change. They rely
on Git-based knowledge storage, i.e., a version control system, which provides the
opportunity to connect requirements more closely to the code base as well as the
test suite of a system. In doing so, these tools also bring requirements closer to the
developers. Among these tools, the most notable are Doorstop [4] and T-Reqs [7]
(refer to T-Reqs’s tool description in Section 3.2). The latter has both an in-house
produced version at Ericsson and an open-source version developed by Chalmers
University of Technology and Gothenburg University [6]. Ericsson is a telecommu-
nications company based in Sweden, where large-scale agile systems development is
employed.

Five years have elapsed since Ericsson adopted T-Regs into their requirements
engineering processes. In a previous study [7], the challenges mitigated by T-Reqs
have been showcased. However, the study did not encompass the evaluation of how
T-Regs is used in practice and if these mitigations are fully utilized by users. Fur-
thermore, the question of whether Ericsson’s expectations for T-Reqs, when it was
implemented, have been met still needs to be answered. The study aims to answer
these questions by conducting an in-depth case study at Ericsson and collecting
qualitative and quantitative data through semi-structured interviews [37] with em-
ployees at Ericsson and a follow-up survey. The employees who were interviewed
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are the current users of T-Regs, i.e., testers and system managers. The objective
was to identify and highlight its successful aspects while also examining potential
drawbacks. This analysis provides insights that can be contextualized within the
realm of similar requirements engineering tools relying on a version control system,
e.g., Git. In general, it can showcase themes that can be valuable to companies with
similar environments, using Git or any version control system in their requirements
engineering tool. Further, in order to increase the generalizability and transferabil-
ity of the results, an additional data collection method was conducted in the form of
a workshop with experts in the industry on the topics of requirements and tooling.

1.1 Statement of the Problem

Gathering and formulating requirements by following the waterfall model has proven
to not be feasible in an agile environment utilizing CI/CD. Requirements have to
be gathered fast and must be susceptible to change during the development process
[8]. This has resulted in new requirements engineering tools being on the rise that
support agile work. Since these requirements engineering tools are quite new in
the industry, there is not a lot of research on them in general, let alone on their
performance. The problem is, therefore, that it is not entirely clear how these tools
can be classified and how well they are performing in the industry. That is, questions
arise as to whether these tools are meeting the desired expectations, i.e., solving the
challenges faced by using the more traditional tools, in addition to whether there
are perhaps some unexpected benefits or drawbacks from using these tools.

1.2 Purpose of the Study

The purpose of this study is to get a better understanding of the new requirements
engineering tools that have surfaced to mitigate the challenges that have arisen due
to employing requirements engineering in this different development environment.
That is, how are they used in practice, their observed advantages and disadvantages,
and moreover, their characteristics. In order to increase our knowledge of these
tools, an in-depth case study was performed to evaluate the text-based requirements
engineering tool T-Regs, currently being used at Ericsson.

We aim to evaluate the current state of the tool, how it is used, and how the
tool performs in practice. This is mainly to systematically identify and assess the ad-
vantages and disadvantages of T-Reqs, additionally uncovering unknown challenges
possibly being introduced with T-Reqs. The assessment will focus on determining
whether the tool meets its expectations and successfully addresses the challenges
faced by Ericsson when they used traditional requirements engineering tools such as
IBM Rational RequisitePro and Rational Rhapsody. By doing so, the study aims
to determine if T-Reqs effectively facilitates the requirements engineering process at
Ericsson.

The result will be used to characterize T-Reqs and tools with similar char-
acteristics and propose a formal definition for them. This study aims to illustrate
as well the advantages and disadvantages of using said tools, and the results can
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benefit Ericsson as well as other companies operating in a similar company context,
i.e., large-scale agile development. Based on the results of this study, companies
can identify whether tools similar to T-Reqs would be a good alternative for their
development processes. Since the study is structured as a case study, as remarked
by Stol et al. [43], generalization is not the goal. However, by displaying the context
in which the tool is utilized and the expressed experiences of requirements engineer-
ing practitioners gathered from a workshop, transferability, and generalization of
the findings can be applied to a certain extent. Further, by illustrating the char-
acterization of T-Reqs and constructing a proposal for a definition of this class of
requirements engineering tools, we contribute to the research knowledge and suggest
directions for future research.

1.3 Research Questions

To evaluate the text-based requirements engineering tool T-Reqs, we formulated the
following research questions:

RQ1: How well do the expectations of T-Reqs before its implementation
match with how the tool performs today?

RQ2: What advantages and disadvantages of T-Reqs can be observed in prac-
tice in relation to traditional requirement tools?

RQ3: What characterizes tools such as T-Reqgs in contrast with more tradi-
tional requirements tools?

These research questions help to illuminate the value that T-Reqgs brings to the
requirements engineering process at Ericsson in comparison to traditional require-
ments engineering tools. This, consequently, will showcase to companies following
similar development practices if tools such as T-Reqs would be a suitable option to
manage their requirements.

1.4 Significance of the Study

By conducting an in-depth case study of practices and the requirements engineering
tool at Ericsson, we are able to contribute qualitative results to the research commu-
nity in the area of requirements engineering in large-scale agile system development.
The research builds upon the information regarding the exploration of alternatives to
traditional requirements engineering tools, which is beneficial for both practitioners
and researchers. That is, it is beneficial for practitioners in the sense that compa-
nies will be able to make better decisions regarding their requirements engineering
practices and which tools are most suitable for them. It benefits the research com-
munity as the study also questions current research, and the results are valuable as
to know in which areas to focus on when discussing requirements engineering tools
in large-scale agile environments. A formal definition of the group of tools T-Reqs
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belongs to will facilitate the discussion regarding requirements engineering tools in
a scientific manner.

1.5 Outline

This thesis report is organized as follows. In Section 2, the topics related to this
study will be explained by illustrating the prior related work that has been performed
in those areas. In Section 3, the case context will be explained by mentioning the
previous relevant research performed at Ericsson and what each role at the company
encompasses. In Section 4, the methodology of the study is explained, as well as
the different data collection methods and analysis. The threats to the validity of
the study will also be discussed. In Section 5, the results from the semi-structured
interviews, the survey, and the workshop will be reported in accordance with the
research questions posed in this study. In Section 6, the results in the previous
section will be reflected upon and discussed, and the conclusion of the report is in
Section 7.



2

Background and Related Work

The topics of this research, i.e., requirements engineering, agile development, and ag-
ile requirements engineering, will be discussed in this chapter in relation to previous
research on these topics. Furthermore, requirements engineering and management
tools will be discussed along with different evaluation methods previously employed.

2.1 Requirements Engineering

According to the International Requirements Engineering Board, IREB, require-
ments engineering is defined as “The systematic and disciplined approach to the
specification and management of requirements with the goal of understanding the
stakeholders’ desires and needs and minimizing the risk of delivering a system that
does not meet these desires and needs.” (p. 11) [22]. Thus, it is important to note
that requirements engineering is a multifaceted practice, that is, not only defining
the requirements and constraints of a system but the entire process of managing
them. IREB specifies that the main activities in performing requirements engineer-
ing include elicitation, documentation, validation, and management tasks, which
also cover requirements analysis and conflict resolution. [22]. In addition to the
previously mentioned tasks, requirements verification, requirements reuse, and re-
quirements quality assessment are also noted in the ISO standard ISO/IEC/IEEE
29148:2018 [23]. The standard illustrates the processes and products when perform-
ing requirements engineering in the life cycle of the system and software.

In contrast to the IREB classification, the standard does not declare docu-
mentation as a specific task but rather mentions different types of requirements
specifications. Furthermore, requirements analysis is also treated as a separate task
instead of being classified as part of elicitation. This classification is further illus-
trated in the ISO standard ISO/IEC TR 24766:2009 [24], which is a guide for the
expected capabilities of requirements engineering tools. It lists 158 requirements
engineering tool capabilities which pertain to six different requirements engineering
tasks. This standard is discussed in more detail in Section 2.4. In this report, we
will mainly concern ourselves with the requirements engineering tasks that T-Reqs
encompasses: documentation (including specification), validation and verification,
and requirements management, i.e., change management and traceability.

A study by The Standish Group, where I'T executive managers were surveyed
and interviewed, indicates that the practice of requirements engineering is essential
for a successful software project [20]. The study included 375 respondents from
companies from various industries and sizes. The results show that incomplete
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requirements are one of the main reasons why software projects fail, while clearly
stated requirements are one of the major contributing factors to a successful project.
Requirements engineering is also stated as the most important activity in the devel-
opment of complex and software-intensive systems, according to Konrad et al. [21].
As the complexity of a system under development increases, so does the importance
of good requirements engineering.

In spite of the importance of requirements engineering, there is no universal
process that states how requirements engineering should be conducted or when in
the development process of a system. The most suitable requirements engineering
process must be chosen each time depending, for example, on the development
context or the overall development process [22].

2.2 Agile Development

Agile software development officially dates back to 2001 when the “Agile Mani-
festo” was constructed [2]. It emerged as a response to the previous develop-
ment method, i.e., plan-driven software development. Plan-driven software devel-
opment, also termed traditional software engineering, is an up-front development
process [2,17,18]. Well-defined iterations, extensive documentation, and an ex-
haustive requirement design stage at the start of the project are some of the core
principles. In contrast, agile development aims to mitigate some initial up-front doc-
umentation and be more flexible in managing change and getting products to market
faster. This includes designing requirements, which would be done throughout the
development process.

2.2.1 Large-Scale Agile Development

Introducing agile development practices to companies with multiple development
teams and larger projects can pose a challenge as these practices relate more to in-
dividual teams, such as extreme programming, XP [38-40], and do not thus account
for coordination between different teams or different parts of the organization. To
account for these challenges, agile development practices have been expanded into
different frameworks, e.g., Scaled Agile Framework (SAFe) and Large-Scale Scrum
(LeSS).

In a systematic literature review by Dikert et al. [39], 42 cases of adoption of
agile at scale from the industry were examined. A company was considered large-
scale if it had 50 employees or more or a minimum of six teams. The reported
challenges identified were 35 and 29 success factors. The challenges were grouped
into nine categories, with the highest percentage of occurrences in the cases being:
agile difficult to implement, integrating non-development functions, requirements
engineering challenges, and change resistance. The success factors were grouped
into eleven categories, e.g., management support, commitment to change, choosing
and customizing the agile approach, and requirements management. From these
challenges and success factors, it is evident that there must be a desire in the com-
pany for a change, both high and low in the company’s hierarchy, and important to

6
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find a good solution that will fit the company context. Requirements also play a big
role, and the importance of requirements management is emphasized.

In a multiple case study by Kasauli et al. [41], challenges and practices regard-
ing requirements engineering at seven large-scale system companies were identified.
The data was collected and validated through 20 interviews, five focus groups, and
eight workshops. From the data, 24 challenges were identified and grouped into
six themes, i.e., (C1) build and maintain shared understanding of customer value,
(C2) support change and evolution, (C3) build and maintain shared understanding
about system, (C4) representation of requirements knowledge, (C5) process aspects
and (C6) organizational aspects. In the study, T-Regs is mentioned as a solution
for some of these challenges. More specifically, the challenges of managing experi-
mental requirements and updating requirements, i.e., when and who should update
the requirements, under C2. Under C4, the challenge of consistent requirements
quality across teams and boundaries. Finally, under C6, the challenge of bridging
plan-driven and agile, i.e., between system level and team level.

2.3 Agile Requirements Engineering

A systematic literature review on agile requirements engineering practices and chal-
lenges was performed by Inayat et al. [14]. Literature published between 2002 and
June 2013 was reviewed, which resulted in 21 papers being identified that discussed
agile requirements engineering. Among these papers was a case study by Bjarna-
son et al. [15] identifying benefits and side-effects of agile practices in large-scale
requirements engineering and an empirical study conducted by Ramesh et al. [16]
relating agile requirements engineering practices and challenges. The review iden-
tified 17 practices relating to agile requirements engineering, and eight challenges
posed by those practices. Additionally, it made note of five challenges stemming
from traditional requirements engineering, which were mitigated by agile require-
ments engineering.

The 17 requirements engineering practices found to be adopted in agile soft-
ware development are, for example, face-to-face communication, iterative require-
ments, change management, cross-functional teams, and requirements management.
According to Ramesh et al., “Accommodating requirements changes during devel-
opment is a way of tuning the system to better satisfy customer needs” (p. 65) [16].
They further noted that the most requested changes to the requirements were to
either add or drop features.

The five challenges linked to traditional requirements engineering that are
solved by agile requirements engineering are, namely, communication issues, over-
scoping, requirements validation, requirements documentation, and rare customer
involvement. As stated by Bjarnason et al. [15], communication gaps are solved, for
example, by having cross-functional teams, gradual detailing of requirements, and
the practice of having an integrated requirements engineering process. The integra-
tion entails bringing the requirement engineering process closer to the development
in the hope of bettering the developers’ understanding and improving communi-
cation. As mentioned above, this is an expected outcome of using T-Regs, i.e.,
bringing requirements closer to the developers. Tools such as T-Reqs are expected

7
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to align with the practices of agile requirements engineering and facilitate the pro-
cess. Thus, by illustrating the findings of the literature above, the expectation is
that this corresponds with the experience of the employees at Ericsson.

It is important to note that, as mentioned above, agile requirements engineer-
ing does not have a universal definition as stated by Heikkild et al. [3] and thus
presents an obvious challenge when discussing the topic. In the same paper, they
note that the practices of agile and traditional requirements engineering have sim-
ilar goals. However, the difference lies in the methods and emphases, where on
the one hand, traditional requirements engineering emphasizes processes and doc-
uments. On the other hand, agile requirements engineering emphasizes reactivity
and informal communication.

2.4 Requirements Tools

Tools exist to aid developers in the software development process. These tools
have been referred to as CASE, i.e., computer-aided software engineering tools [29].
Among those tools are tools relating to requirements engineering. Both IREB and
ISO/IEC TR 24766:2009 state the importance of using requirements engineering
tools to perform requirements engineering tasks whenever possible [22,24]. The
standard ISO/IEC/IEEE 29148:2018 attests to this as well, particularly to employ
requirements management tools in more complex projects [23]. ArgonDigital (pre-
viously Seilevel) also emphasizes this by stating that it is critical that a tool for
requirements management is adopted, especially in larger corporations where there
can be hundreds of thousands of requirements for a project [28].

The terminology used to describe requirements engineering tools varies across
different studies, with the terms “requirements engineering tools” and “requirements
management tools” often used interchangeably. In this paper, we will regard re-
quirements engineering tools as tools supporting the entire requirements engineer-
ing process and all its activities, while requirements management tools facilitate
the management of requirements once they are created, as stated in the standard
ISO/IEC TR 24766:2009 [24]. To further illustrate this, the definition given in the
CPRE glossary published by IREB states that requirements management is “The
process of managing existing requirements and requirements related work products,
including the storing, changing and tracing of requirements.” (p. 17) [25].

Available requirements engineering tools vary in functionality and the require-
ments engineering activities that they support. There has also been a rapidly chang-
ing market as many new tools have emerged and old ones have become deprecated,
with feature sets changing widely, as noted by ArgonDigital [28], and Gea et al. [34].
Where the newly emerging tools increasingly support visual modeling, traceability
analysis, and collaborative functionality for teams. ArgonDigital has made evalu-
ation reports comparing many tools in the industry, published in the years 2007,
2011, and 2016, where in their last report, they compared 175 different requirements
engineering tools. Selecting an inappropriate tool or one with excessive complexity
can impede the progress of a project, as noted by Young [33]. He emphasizes that a
requirements engineering tool should not be chosen out of convenience or arbitrary
criteria but the need to consider what is best for the operations.

8
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With new tools emerging with new feature sets, the market is not homoge-
neous, and groupings should be represented in the terminology. A recent study
presenting a newer tool, Doorstop, has used the terminology of centralized, cloud-
based, and decentralized to categorize requirements management tools. Centralized
tools are a more traditional way of creating and storing requirements by using a cen-
tralized hosted database for the storage of requirements and a dedicated program
with a graphical user interface. Cloud-based tools offer a web browser for their users
to interact with to collaborate on their requirements documentation. Lastly, decen-
tralized tools store requirements as files instead of database entries, thus eliminating
the requirement for a dedicated server. Decentralized tools, T-Reqs therein, have
changed the way that requirements management can be conducted by connecting
requirements and the source code closer together [4].

Another way of categorizing these requirements tools is based on which re-
quirements engineering tasks they cover. As an example, IREB states in their hand-
book that differentiating between different tools can be done based on the following
requirements engineering aspects, i.e., management of requirements, requirements
engineering process, documentation of the knowledge about the requirements, mod-
eling of requirements, collaboration in requirements engineering, and testing and/or
simulation of the requirements. They further state that most tools do not cover all
of these tasks, and thus a combination of different tools must be considered to fully
support the whole requirements engineering process [22]. Similarly, the ISO stan-
dard ISO/IEC TR 24766:2009 states that the following tasks within requirements
engineering are processes that a requirements engineering tool should address, that is
requirements elicitation, requirements analysis, requirements specification, require-
ments and product validation and verification, and requirements management [24].

2.4.1 Evaluation of Requirements Tools

Evaluating requirements engineering tools is greatly beneficial for companies when
adopting a new requirements engineering tool [33]. A prevalent method of achieving
this involves the quantitative comparison of the features of different tools based on a
standardized criteria list. Such lists are typically derived from prior studies and are
compiled by experts in the field. They encapsulate the comprehensive range of fea-
tures that a requirements engineering tool should ideally possess, thereby providing
a solid foundation for comparison. In this study, a combination of multiple criteria
lists is utilized to examine the capabilities of T-Reqs, understand its strengths, and
identify valuable features that may be lacking.

Santillan conducts an extensive literature review to examine various publicly
available and industry-recognized criteria lists. Based on this review, they propose
a new comprehensive list compiled from these sources. The sources of these lists
are INCOSE, DSTO, ITEA, DESS, DaimlerChrysler, RWTH, Aachen, and Seilevel
[30]. An overview of these lists is offered in Table 2.1. Seilevel, now ArgonDigital,
has released a new evaluation report (2016) since the publication of the literature
review was conducted with updated criteria [28]. Santillan’s criteria list contains an
extensive amount of features, some of which may not be applicable in all contexts;
for example, features specific to software product line requirements were deemed
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irrelevant within the scope of Ericsson’s operations. Furthermore, while modeling
was deemed unnecessary in their report, it has been reinstated as a relevant feature
in this study. Additionally, due to the detail of the list, some overview is lost. For
the purpose of this study, the list was therefore summarized into more high-level
features. To avoid bias in the features selected in the summarized list, the Al model
ChatGPT-4, developed by OpenAl [26], was used to maintain objectivity. The
correctness of the items was then verified by the authors. Details pertaining to the
prompt used for ChatGPT-4 can be found in Appendix C.

Publisher Creation Year | Categories | Requirements
INCOSE 1990 13 68
DSTO 1997 11 149
ITEA DESS 2001 18 78
Daimler-Chrysler 2004 21 101
RWTH Aachen 2006 24 110
Seilevel 2011 23 230

Table 2.1: Criteria lists overview

Based on Santillan’s compilation of popular criteria lists in industry and its
summarization by an Al tool, the following feature list was devised (refer to Fig-
ure 2.2, 2.3, 2.4, 2.5 and 2.6) to facilitate the evaluation of T-Reqs against other
prominent requirements engineering tools. The selection of these tools was based
on the categorization of centralized, cloud-based, and decentralized tools. Ratio-
nal DOORS was chosen as a representative centralized tool, while Jama represents
the cloud-based category. T-Reqgs and Doorstop exemplify decentralized tools. The
information in regard to these tools’ features was gathered from the websites, doc-
umentation, and Git repositories of the tools [4,5,46]. Additionally, ArgonDigital’s
2016 requirements management tool evaluation report [45] was used, in which Jama
was covered.

Although more features mean more possibilities, studies have shown that se-
lecting a requirements engineering tool is not just a quantitative task, and it must
conform to the context and environment of the operations in question [28,31,32,34].
The standard ISO/IEC TR 24766:2009 further adds to this sentiment by stating
that; “Users tend to focus on specifying their functional or behavioral requirements,
but users also have expectations about how well the product would work. Char-
acteristics that fall into this category include how easy it is to use, how quickly it
runs, how often it fails, and how it handles unexpected conditions. Such charac-
teristics are known as software quality attributes or simply quality factors and are
often considered as a part of the system’s non-functional requirements.” (p. 21) [24]
A value-based evaluation approach is recommended by Heindl et al. [31], where the
tool’s features are weighted based on the value they bring to the company.

In this study, we heavily consider the context under the premise that T-Reqs is
to be evaluated under real-world usage. In addition to the criteria list, we will discuss
the features and factors that have been identified during qualitative interviews and
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a follow-up survey with industry users. Based on users’ statements, we will answer
research questions RQ2: “What advantages and disadvantages of T-Reqs can be
observed in practice in relation to traditional requirement tools?” and RQ3: “What
characterizes tools such as T-Reqs in contrast with more traditional requirements
tools?”.

Internal requirements for the tool can also be defined to evaluate tools in
accordance with the requirements engineering process and software tool environment
at the company. Ericsson has developed a comprehensive list outlining the required
functionality in terms of specific requirements. These requirements will be presented
in Section 3.3, which will delve into the case context and prior research conducted at
Ericsson. These requirements will serve as a basis for evaluating research question
RQ1: “How well do the expectations of T-Reqs before its implementation match
with how the tool performs today?”, in addition to the responses in the interviews
and survey.

Feature Description T-Reqgs Doorstop Jama Rational
(Decentral- (Decentral- (Cloud- DOORS
ized) ized) based) (Central-

ized)

(1/5) Require-

ments Management

Main Activities

and Baselining

Version Control The tool should provide features for yes yes yes yes (their

reproducing and rolling back to ear- own, i.e., not
lier versions of requirements. connected
to the test
cases and the
code)
Change Control The tool should be able to dis- partially partially yes yes
tinguish between formal and infor- (changes (changes
mal changes, provide a filter to maintained maintained
review new/changed requirements, with version with version
maintain an automatic audit trail control, view control)
for requirement changes, and notify for history of
project participants about changes requirements
via email. The tool should also forthcoming)
make the history of requirements
changes easily viewable.
Status Tracking The tool should allow requirements yes yes yes yes
to be filtered by criteria (e.g., sta-
tus), allow complex attributes with
predefined value choices, and enable
the editing of requirements’ status.
Tracing The tool should support link- partially partially partially partially
ing requirements to existing docu- (traces be- (usually links
ments, models, client documenta- tween items between ar-
tion, notes, and emails. It should in yaml files) tifacts or
enable the creation of links between external
requirements of the same type, dif- links, not
ferent types, and those in defined models un-
groups. It should be able to display less including
traceability results in a table or a a modelling
diagram, describe the nature of the tool)
relationship link between require-
ments, and enforce the creation and
change of certain types of traceabil-
ity links. The tool should support
M:N bidirectional linking and the
creation of a custom tracing model
to link requirements to user-defined
types of artifacts.
Baselining The tool should allow for the yes yes yes yes
creation of requirements baselines,
comparison of baselines, and work
with specific baselines. The tool
should be able to show the differ-
ence, and what is new between the
last version and the current version.
Modelling The tool should enable the creation yes no yes (limited no
of requirement models. linking due
to being
stored as
images)

Table 2.2:
Baselining

Feature Comparison: Requirements Management Main Activities and
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Feature Description T-Reqgs Doorstop Jama Rational
(Decentral- (Decentral- (Cloud- DOORS
ized) ized) based) (Central-

ized)

(2/5) Information

Management

Views The tool should allow sorting and partially partially yes yes
filtering of requirements based on (filtering (filtering
various criteria, saving of cus- possible us- possible us-
tom views (both private and pub- ing  python ing  python
lic), and instantly applying filtered scripts, re- scripts, re-
views. It should support the dis- quirements quirements
play of requirements as a list, a hi- displayed in displayed in
erarchy, or custom traceability data a hierarchy) a hierarchy)
tables.

Navigation The tool should offer keyword partially (no partially yes partially
search, navigation through the drag-and- (e.g., no (unclear
requirements hierarchy, drag-and- drop ability) drag-and- if it offers
drop ability for moving require- drop ability, traceability
ments within the hierarchy, and search can hierarchy)
easy navigation of traceability hier- be performed
archy. with python

scripts)

Analysis Functions The tool should provide traceabil- yes yes yes not clear
ity analysis to identify missing links
within requirements and detect in-
consistencies in links.

Import The tool should support bulk enter- yes yes yes yes
ing of requirements, identifying re-
quirements from external text doc-
uments, and batch import of struc-
tured data as new requirements
from various types of documents.

Export The tool should allow exporting yes partially yes partially
requirements to various formats (e.g., no (unclear if it
with the capability of highlighting highlighting offers  high-
changes against a previous baseline, of changes) lighting of
exporting a subset of requirements changes)
based on a filter view, and export-
ing data from any report for further
analysis.

Specification Genera- The tool should be able to produce partially partially yes (difficult partially

tion requirements documentation in var- (no  custom (no custom to get cus- (unclear
ious pre-defined formats and allow formats) formats) tom formats whether cus-
defining custom formats for docu- to look good) tom formats
mentation output. are always

offered)

Reporting The tool should offer comprehensive forthcoming yes, HTML yes (burn- yes (burn-
reporting functionalities, including down reports down reports
metrics reporting, metrics charting, need integra- need integra-
reporting on requirement link prob- tion) tion)
lems, requirement maturity, review
status, open issues, assignments,
and more. It should allow viewing
and customizing dashboard reports,
creating burndown reports, gener-
ating traceability reports, and re-
porting on the number of reviews
and issues of requirements.

Users and Access Con- The tool should provide access no not relevant yes yes

trol management features to restrict ac- (open-source
cess permissions for individual users tool provid-
and groups, and manage visibility ing CLI and
of requirements for clients based connected
on requirement attributes or project to version
association. control)

Offline Use The tool should support working of- yes yes yes no
fline with the capability of merging
changes upon reconnecting, provid-
ing reminders for synchronization,
and offering a read-only view.

User Interface The tool should allow easy edit- partially partially partially yes (consid-
ing of requirements, support drag- (simple desk- (cannot ered dated
and-drop linking of requirements, top and user drag-and- however)
cut and paste functionality between interface) drop linking
the tool and other applications, and of require-
quick access to detailed informa- ments, can-
tion about requirements. The inter- not assign
face should be customizable, allow- functions to
ing assignment of functions to but- buttons/hot
tons, hot keys, and menus. keys/menus)

Usability The tool should be easy to use and partially yes yes partially
learn. (developer (extended

friendly) documen-

tation but
buried func-
tionality)

Table 2.3: Feature Comparison: Information Management
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Feature

Description

T-Reqgs

Doorstop

Jama

Rational
DOORS

(8/5) Require-
ments’ Data Man-
agement

Requirements’ Archi-
tecture

The tool should allow definition of
data to be captured for each re-
quirement, grouping requirements
by project, organizing by groups
and hierarchies, defining custom
ID formats for requirements, man-
aging dependencies and glossaries,
tracking requesters, setting up com-
plex attributes, capturing rationale,
managing links to external docu-
ments, voting and setting priorities
on requirements, and defining dif-
ferent types of requirements.

partially
(e.g., setting
up complex
attributes)

partially

(e.g., voting
or prioritisa-
tion offered)

partially (no
management
for glos-
saries)

Requirements’
ture

Cap-

The tool should provide functions
for easy entry of new requirements,
assigning unique IDs, assignment
of requirements to different ana-
lysts, marking new entries for re-
view, copying requirements from
other projects, defining stakehold-
ers for each requirement, and allow-
ing reuse of requirements between
projects.

Requirements Edition
and Deletion

The tool should allow editing and
deletion of requirements with fea-
tures for bulk editing, real-time up-
dates, safe deletion options, and
preventing concurrent editing by
multiple users in online mode.

Requirements’
ity

Qual-

The tool should offer automatic
checks for spelling, grammar, and
ambiguous words, and the ability
to mark duplicate requirements and
merge them together. It should also
allow defining validation checks for
user-defined attributes.

no

no

partially

(no  ability
to mark
duplicate
requirements
and merge
them)

partially
(unclear if
identification
of duplicate
requirements
is possible)

Requirements’ En-
richment

The tool should support rich text
formatting, tables, maintenance of
formatting when pasting from other
documents, inclusion of mathemat-
ical equations and special symbols,
and incorporation of images and
embedded documents. It should
also support the addition of audio
and video files.

partially
(embedding
in version
control sys-
tem)

partially
(embedding
in version
control sys-
tem)

partially
(unclear if
the addition
of audio and
video files is
possible)

partially
(unclear if
the addition
of audio and
video files is
possible)

Requirements’  Issue

Tracking

The tool should facilitate issue cre-
ation from requirements, link to is-
sues in other tools, and have its
own issue tracking functionality. It
should also keep track of resolu-
tions to open issues and maintain
a record of open issues by require-
ment.

partially
(issue track-
ing in re-
view /version
control sys-
tem)

partially
(issue track-
ing in re-
view /version
control sys-
tem)

unclear

Table 2.4: Feature Comparison: Requirements’ Data Management
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Feature

Description

T-Reqgs

Doorstop

Jama

Rational
DOORS

(4/5) Techni-
cal Specification,
Licensing and Sup-
port

Tool Integration

The tool should support automated
integration with issue tracking sys-
tems, design tools, development en-
vironments, revision control sys-
tems for linked documents, note-
taking software, and test manage-
ment systems.

Extensibility

The tool should provide an external
API and allow ad-hoc queries of re-
quirement data.

yes

yes

System Specification

The tool should support both
installed central repository and
client-only installations. It should
provide web and non-web inter-
faces, supporting Windows and
Unix/Linux platforms, and man-
age multiple concurrent users. It
should also detail platform resource
requirements. The tool should sup-
port various database platforms in-
cluding MS Access, SQL Server, Or-
acle, and MySQL, and allow the
merging of requirements from dif-
ferent databases. It should also
highlight its ease of installation
and administration, and indicate
whether it is open-source or com-
mercial, and its current user base.
It should scale with increasing num-
ber of input requirements and not
limit the number of user-defined at-
tributes.

partially /not
relevant

Licensing

The tool should provide informa-
tion on its license policy and costs,
warranty options, and maintenance
& upgrade policies, along with
maintenance costs.

not relevant
(in-house de-
velopment)

not rele-
vant (open-
source)

Training and Tool
Help

The tool should offer a variety
of learning aids such as sample
requirements, workflow tutorials,
training classes, and both online
and offline documentation. It
should also offer context-sensitive
help within the system, phone sup-
port, and online support such as
message boards, knowledge base,
user groups, wikis, etc.

Table 2.5: Feature Comparison: Technical Specification, Licensing and Support
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Feature

Description

T-Reqgs

Doorstop

Jama

Rational
DOORS

(5/5) Distributed
Collaboration

Informal communica-
tion

This includes the tool’s ability
to foster communication among
stakeholders. This can be achieved
through both synchronous (real-
time chat, videoconferencing,
VoIP) and asynchronous (email-
like) means. The tool should allow
users to insert links to relevant
objects in their messages, access
discussions they’ve been a part
of, and save essential parts of a
conversation’s transcript.

no

no

yes (com-
ment stream)

yes (in
DOORS next
generation)

Awareness

This pertains to the tool’s abil-
ity to provide users with informa-
tion about other team members.
This includes their connection sta-
tus, roles, geographical location,
workload, and recent actions. The
tool should also allow personaliza-
tion of visual cues, send email no-
tifications about actions taken by
others, and allow users to subscribe
to changes in requirements.

partially
(provides
awareness
through ver-
sion control
system)

partially
(provides
awareness
through ver-
sion control
system)

yes

unclear

‘Workflow
ment

manage-

The tool should be capable of defin-
ing custom workflows for differ-
ent types of requirements, as well
as for all types of requirements.
It should also provide predefined
workflows. The tool should track
and request approval or sign-off for
requirements, and enable task def-
inition and rights assignment for
each workflow step.

no

no

yes

yes (with
integration
to other IBM
Rational
tools)

Table 2.6: Feature Comparison: Distributed Collaboration
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Case Context

In this chapter, we relate the previous research that has been conducted at Ericsson
relating to their requirements engineering process along with more company-specific
information, i.e., the context of this case study.

3.1 Previous Tools

The previous tools used at Ericsson were Rational RequisitePro and Rational Rhap-
sody. RequisitePro is a requirements management tool where requirements are writ-
ten in Word documents and parsed into databases. Rhapsody is a modeling tool
where unified modeling language, UML, is used and thus mainly suitable for func-
tional requirements. Diagrams are created using preexisting shapes and symbols
known to UML, which are dragged and dropped onto the canvas. Thus, the di-
agrams are highly customizable, and their layouts are configurable. An example
image of Rational Rhapsody is provided in Figure 3.1.

() IEM Rational Rhapsody Develaper for C++ - [Use Case Diagram: the home alarm] .
§~ File Edit View Code Layout Tools Window Help
CEE|f B MG |# A B @ E W B - FllFOLEERE GE
N ~[Debug =] [ @ the home slam o [MEEE EaE| | eee o & | it
N | | | T Tahoma
= & Welcome to Rhapsody - (]~ the home alarm £ =l
Entire Model View = home alarm o[k seea
=00 HomeAlarm ch Stuplinns
5 Components | & Diagram Tools |
5 Object Model Diagrams =
(5 Packages ocaupation simulation et ey
=+(3 Sequence Diagrams L) GEEr
i [l Arming the alarm B9 Package
i Changing the code it Accwiion
Detecting a door openin
i} Detecting a mover:ent i «Extends» % sy
{0 Powering on -, Dependeny
Indlud
5 Use Case Disgrams detect intrusions e || mauee
@i~ the home alarm ||, Extend
Boundary Box
%y, Flow
sound alarm intruder
- Hote
o) Constraint
- 3 Comment
arming and disarming 3 Requirement
/ . Anchar |
™\, Line
\f L Polyline
homeowner [ Polygon
code entry [0 Redangle
‘L Polycurve
&> Closed Curve

Ellipse

Figure 3.1: Example diagram in Rational Rhapsody from IBM’s webpage;
https://www.ibm.com /products/systems-design-rhapsody

In 2017 it was decided to replace these tools with a tool that better suited the
intended practices at Ericsson. That is, the tools were not adequate for an agile en-
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vironment, with cross-functional teams and continuous integration present. It must
be noted that despite the tools not matching the desired ways of working, the main
reason for the switch was that IBM was no longer supporting Rational RequisitePro,
and the license cost of both Rational RequisitePro and Rhapsody was very high. In
order to address the requirements engineering needs, a potential transition to IBM’s
alternative tool, Rational DOORS, was initially considered. However, an internal
proposal to develop an in-house solution called T-Reqs was presented as an alterna-
tive. Following a comprehensive comparative study conducted within Ericsson, the
T-Reqs proposal was ultimately chosen as the preferred option.

3.2 T-Reqgs Tool Description

T-Regs is a text-based requirements engineering tool, relying on Git-based knowl-
edge storage and residing in a product’s repository. Requirements are written and
reside in Markdown files and are encompassed by XML tags which contain certain
attributes relating to each requirement. Examples of attributes are the unique 1D
associated with each requirement and for which products this requirement has been
implemented. A simplified example of a requirement is as follows:

<tregs-requirement id = "REQ100" implemented-for = "product">
Here is where the requirement is written
</treqs-requirement>

The Markdown files can also include trace links indicating traces between
requirements and test cases, as well as PlantUML diagrams. These Markdown files
containing requirements reside in the repository of each product and can thus be
interacted with in a similar manner as normal code.

To increase the usability of the tool, different views and plugins have been
implemented. The most notable are referred to as T-Reqs Web and T-Reqs Viewer
and a plugin for the editors Eclipse and Visual Studio Code. The plugin dynamically
displays the formatted result from the T-Reqs tags and PlantUML in the Markdown
files as HTML.

T-Reqs Web (refer to Figure 3.2) is a web interface where requirements can
be viewed. There, employees can search for requirements and have access to the
ticketing system in JIRA, and they can see which feature a requirement belongs to
and the implementation status of a requirement. They can also see the results of
test cases and the requirements the tests are connected to.

T-Reqgs Viewer (refer to Figure 3.3) is an interface that enables employees to
make queries to an SQL database requesting a certain subset of the requirements that
fit specific criteria. The database is only an intermediate storage for optimization,
as during each build of the code, metadata contained in the product’s repository
will be uploaded to it.
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Figure 3.2: Example of T-Reqs Web interface
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Figure 3.3: Example of T-Reqs Viewer interface

3.3 T-Reqgs Related Research at Ericsson

A case study was performed at Ericsson to investigate the flow of requirements from
strategy to release in large-scale agile, performed by Heikkila et al. [10]. Data was
collected in 43 interviews, which were analyzed qualitatively. The interviews were
conducted in 2011 and 2013. The study illustrated the transition of the company
from a plan-driven ways of working to agile development at a larger scale. The find-
ings of the study showcased that practitioners noted increased motivation, improved
efficiency, and increased flexibility. However, the noted problems were reported be-
ing overcommitment and growing technical debt, among others. The study mainly
gives a glimpse of how these procedures worked before the usage of the current
requirements engineering tool and thus offers a comparison to the current state of
affairs.

As mentioned above, different challenges have been identified when perform-
ing requirements engineering in agile software development. According to Knauss
et al. [7], the challenges most relevant to T-Reqgs are as follows,
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C1 Updating and deprecating requirements
Requirements defined at the beginning of development can become outdated
and thus need to be changed. The challenge arises if it is uncertain who should
update the requirements and when those updates should take place.

C2 Access to tooling and requirements
Traditional requirements tools often charge fees per user. Thus, it does not fa-
cilitate multi-user access for companies performing large-scale agile processes.

C3 Consistent requirements quality
It is a challenge to keep the quality of requirements consistent across different
artifacts.

C4 Managing experimental requirements
It is important to capture experimental requirements as they might later be
incorporated into the design. The challenge is that these requirements must
be handled differently than stable requirements.

C5 Create and maintain traces
Traces are important in order to determine whether a requirement has been
implemented or not. However, they are not always prioritized by the develop-
ment team as they provide no direct value.

C6 Plan verification and validation based on requirements
The challenge relates to how testing can be planned when requirements are
now incomplete and incremental.

In the pursuit of selecting a tool to mitigate these challenges, Ericsson had specified
requirements, two of which could not be fulfilled by most requirements engineering
tools on the market in 2017. They read; (1) The tool must integrate well with Git,
(2) The tool must allow for changes of the same artifact by many people [7].

Other requirements relating to the tool included that it must be feasible to
store the traces from requirements to test cases in order to know when requirements
were delivered as code and how it was tested, as well as to know which requirement
was delivered at a certain time. The traces should be stored in the exact location
of the other artifacts to assert that the trace information is always in sync with the
artifacts. In terms of the requirements themselves, it must be possible to assign a
unique identifier to them as well as store additional descriptive information about
them, i.e., attributes. It should be a possibility to view the requirements in a human-
readable format. Additionally, both requirements and test cases, including their
definitions, should be stored in the same Git repository as the code. It must also be
possible to create and store test results. Further, changes to the artifacts should be
easy to undo as well as easily updated by the cross-functional development team.
The selected tool should also be similar to the current tools being used by the team.
Finally, it needs to be possible to validate the system after making changes, that
is, make certain that no edit can break the system and it should also be possible to
release any build with minimal manual work, as requirements and test cases should
always be in sync with the code.

Since the traditional tools could not support the desired functionality in re-
gard to large-scale agile practices, Ericsson eventually decided to develop a tool
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in-house to account for their situation and environment. Thus, T-Reqs was devel-
oped, and with textual modeling of requirements engineering, it was expected to
mitigate some of the challenges met within requirements engineering in large-scale
agile environments.

3.4 Roles

The roles within the company that are relevant for this case study due to their prox-
imity and usage of T-Reqs are General System Manager and Team System Manager.
Thus, an explanation of the responsibilities of said roles will be given to emphasize
the difference between them and give better context behind the perspectives of the
interviewees later in the report.

General System Manager: The responsibility of the General System Manager is
twofold. Firstly, to perform studies, i.e., look ahead and discover which feature or
functionality should be implemented and how. These features can be based on the
mobile broadband standard, which Ericsson follows, or customer requests. These
studies are either classified as system studies or initial feature studies. The system
studies have a broader scope and are often later broken down into multiple initial
feature studies. The scope of the initial feature studies corresponds to a feature
that a cross-functional team would be able to work on. Upon finalizing the decision
to proceed with the development of a specific feature, the preparation of system
requirements for the feature development in the teams falls under the responsibility
of the General System Manager as well. This feature is then presented to the team,
and the General System Manager supports the team with creating and writing the
requirements from the initial, often more high-level requirements. Thus, breaking
down the requirement into more technical requirements. The General System Man-
ager continuously reviews the requirements throughout the development process of
the feature and is notified of any changes made by the team. The collaboration with
the team is mainly done through the Team System Managers, and each feature a
team works on has an assigned General System Manager. Secondly, the General
System Managers have the responsibility to answer questions from customers and
business salespersons, in addition to handling change requests from customers.

Team System Manager: The Team System Manager is part of the cross-functional
development team and thus is either a developer or functional tester alongside their
role of Team System Manager. Their responsibility is to understand the feature,
write and update the requirements in T-Reqs, support the team by explaining at-
tributes or fields to other members of the team. Additionally, they have discus-
sions regarding the requirements with the team and the General System Manager
responsible for the feature as well as communicating any changes made during de-
velopment to the General System Manager. The Team System Manager thus has
the perspective of the requirements in mind, but the whole team is responsible for
the requirements. It is important to note that despite the General System Manager
being the artifact responsible for the requirements, the team must be able to defend
the requirements and ensure that they correspond to what has been implemented.
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Methods

The method chosen for this master’s thesis is an in-depth case study [10]. The
design chosen for data collection is inspired by Creswells’ proposed mixed method
research and design [11]. In this design, quantitative and qualitative data and meth-
ods associated with said data are combined. Among the different types of mixed
method designs suggested in Creswells’ book, the chosen method for this research is
Exploratory Sequential Mixed Methods Design which occurs in three phases. The
initial phase entails exploring qualitative data. The second phase entails a feature
being created, in our case, a survey instrument, from the gathered qualitative data.
Finally, in the last phase, the feature is tested by using quantitative research meth-
ods.

This case study method was chosen to get a good understanding of the context
and the people who interact with T-Reqs, in order to give a more accurate evaluation
of T-Reqs. The decision to use an Exploratory Sequential Mixed Methods Design,
starting with interviews and then a survey, is based on the idea of having a good
overview of the themes present in the context before quantifying them with a survey;,
which is also standard practice [35]. The objective is to create a comprehensive
survey that thoroughly encompasses all facets pertaining to the research inquiries
while remaining vigilant in avoiding any potential influence from prior biases in
the construction of the survey framework. The outcomes obtained from the survey
can serve as a valuable instrument to assess and evaluate the themes identified
during the interviews and, subsequently, establish a collective agreement among the
interviewees. The overview of the case study process can be seen in Figure 4.1.

First Phase: ' Second Phase H Last Phase:
Qualitative Data Collection : Feature Creation : Quantitative Data Collectiol

Interview Guide Conduct | Send out follow- ) RQ1

Creation \ Interviews . up survey "l (Expectations)
| i

| | : RQ2
Literature Review ! ! ! > (Advantages and
I ' ' Disadvantages)

N : : : RQ3
Criteria List ! ! } (Characteristics)

Survey
Instrument
Creation

Figure 4.1: Overview of the case study
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4.1 Data Collection

As per the chosen design, data will be collected in the first phase and the last phase.
In the first phase, data was collected through semi-structured interviews, i.e., a data
collection method associated with qualitative research. In the last phase, a collection
of data in a follow-up survey, i.e., a method connected to quantitative research.

In addition to the data collected through the chosen design, the preliminary
results from the interviews were presented at a workshop with requirements engineer-
ing practitioners. This was in order to achieve more generalization of our findings in
this case study by getting insights from practitioners whether or not T-Reqs would
be applicable in their company context and what advantages and characteristics of
T-Reqgs resonated with them.

4.1.1 Interview Methodology

The research design incorporated a series of fourteen interviews as a primary data
collection method. Participants were selected based on their roles within Ericsson,
comprising both General System Managers and Team System Managers with differ-
ent levels of experience, reflecting a range of perspectives on the use of the T-Reqs
tool. That is, all participants are the current users of T-Reqs and are thus familiar
with the tool and have experience with working with it.

The selection of interviewees followed a mixed approach that incorporated
elements of convenience and snowball sampling strategies [36]. Initially, our company
liaison provided a list of potential participants amenable to participating in the
study. Subsequently, we leveraged the snowball sampling method, asking these
initial participants to recommend additional personnel within Ericsson who could
provide valuable insights for the research. This dual strategy ensured a broad and
diverse range of views, enriching our understanding of T-Reqs within the company
context.

Interviews were conducted until perceived saturation was reached, that is until
no new themes emerged. At the same time, the sampling of the interviewees with
snowball sampling had reached its end. That is, we had no immediate contacts as
possible next interviewees.

The interviews were semi-structured, which entails that an interview guide was
prepared for the interviews with specific questions to ask but allowing for improvisa-
tion as well. It is hard to know beforehand all relevant topics or areas that might be
valuable to discuss. Thus, it is beneficial to leave room for other topics of discussion
relating to an answer to the research questions.

The interviews took approximately one hour and were structured by beginning
with identifying the background of the interviewee, i.e., their current and previous
roles, how long they had been employed at Ericsson, and if they had any experience
with other requirements engineering tools. Then, the questions posed related to
each of the research questions in succession. Beginning with collecting data on how
well the tool is performing in terms of meeting the desired expectations and whether
it is solving the relevant problems they had with the previous way of writing and
managing the requirements. Additionally, discovering if there are any unexpected
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Subject Current Role | Experience
Interviewee 1 | General SM High
Interviewee 2 | General SM High
Interviewee 3 Developer Low
Interviewee 4 | General SM High
Interviewee 5 | General SM Low
Interviewee 6 | General SM Low
Interviewee 7 | General SM High
Interviewee 8 | General SM High
Interviewee 9 | General SM High
Interviewee 10 | General SM Low
Interviewee 11 | General SM High
Interviewee 12 | General SM Low
Interviewee 13 Team SM Low
Interviewee 14 Team SM Low

Table 4.1: Table of interviewees

benefits or problems with the tool. Next, which advantages and disadvantages the
interviewees perceived the tool to possess. The participants were finally asked to
identify either the characteristics of the tool or if the interviewee was not familiar
with other requirements engineering tools, the key features of the tool. The interview
guide devised and used for the interviews can be seen in Appendix A.

In Table 4.1, the interviewees are listed with both their current role and their
experience level. The column indicating experience is associated with their expe-
rience with using other requirements engineering tools. High experience indicates
that the interviewee had experience with working with other requirements engineer-
ing tools. This correlated with the interviewee having over five years of working
experience at Ericsson, i.e., before switching to T-Reqs, and thus they had experi-
ence with Rational RequisitePro and Rhapsody. Low experience indicates that the
interviewee’s only experience with requirements engineering tools is through using
T-Reqs. This correlated with the interviewees having joined the company after the
switch to T-Regs.

4.1.2 Survey Methodology

The qualitative results from the interviews were used as input for constructing the
survey questions. This increased the possibility of more precision and less ambiguity
due to the questions being crafted with specific domain knowledge and vocabulary
used by the interviewees. The ambiguity is further decreased due to the survey
being sent out to the participants of the interviews, i.e., as a follow-up survey.
Thus, the respondents of the survey were only employees that had participated in
the interviews. Ten out of fourteen possible respondents answered the survey. The
rest were not able to answer due to unavailability, and one participant did not answer
due to the nature of their interaction with the tool.

The reason for gathering quantitative data from the same employees as had
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Subject Current Role | Experience
Respondent 1 | General SM High
Respondent 2 | General SM Low
Respondent 3 Team SM Low
Respondent 4 Team SM Low
Respondent 5 | General SM Low

Respondent 6 | General SM High
Respondent 7 | General SM High
Respondent 8 | General SM High
Respondent 9 | General SM High
Respondent 10 | General SM High

Table 4.2: Table of respondents to the follow-up survey

been a part of the qualitative data-gathering phase was twofold. First, by sending
the survey only to the previous interviewees, the likelihood of them misunderstand-
ing the questions was reduced as these were the topics discussed in the interviews.
Second, this made it possible to verify that a topic or opinion brought up by only
one interviewee was shared among the other interviewees. That is, to get an under-
standing of other interviewees’ sentiments towards the topics or opinions, whether
they found it irrelevant or had not thought of it during the interview.

The structure of the survey resembled the structure of the interviews, as par-
ticipants were first asked to indicate their current role at Ericsson, as well as whether
they had previous experience with other requirements engineering tools. Addition-
ally, they were asked to specify their general I'T competencies, i.e., how comfortable
they were with using Git, Linux, and PlantUML. Table 4.2 shows the respondents
to the survey. The IT competence of each respondent has not been added to the
table as each participant either agreed or strongly agreed with being comfortable
with all three technologies, except Respondent 3, which disagreed with being com-
fortable with using PlantUML. After the questions relating to the background of
the participants, questions were posed where the participants were asked to relay
their sentiments to different statements regarding the tools. The statements were
grouped based on relevant themes and topics identified during the interviews and
were ordered based on which research questions they answered. Most questions
in the survey were in the format of a 5-point Likert scale, ranging from strongly
disagree to strongly agree. The option of “I don’t know” was also afforded to the
participants. Apart from the Likert scale questions, multiple answer questions were
also posed in order to validate the identified advantages and disadvantages as well
as the characteristics and key features of T-Reqs. The survey was online and sent
out to the participants of the interviews via email to minimize the disturbance in
the environment. The survey questions can be viewed in Appendix B.

4.1.3 Workshop Methodology

Our preliminary findings derived from the interviews were presented to experts in the
fields of requirements and requirements tooling from different companies in Gothen-
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burg at a workshop at the Software Center at Chalmers University of Technology.
Two participants were from Ericsson, two from different automotive companies, and
one from a manufacturing company, along with two academic researchers from the
Computer Science and Engineering department at the University of Gothenburg and
Chalmers University of Technology. All participants had some prior knowledge of
T-Regs.

The findings were presented in a slideshow presentation and followed by an
open discussion among the participants of the workshop. The purpose of this ad-
ditional data collection was to achieve more generalization of our findings. That is,
which identified advantages, disadvantages, and characteristics of T-Reqs the work-
shop participants resonated with based on their company context and whether the
tool would be suitable for their development processes. Thus, gaining a broader
perspective of which conditions and contexts T-Reqs would be most applicable.

4.2 Data Analysis

The analysis of the semi-structured interviews was conducted using coding methods.
In this context, coding refers to the process of categorizing and tagging raw data from
interviews or surveys to identify themes, patterns, and relationships [13]. Coding was
performed after the interviews, i.e., no code was predetermined. Additionally, coding
was performed independently by each author to ensure that no information relayed
in the interviews was overlooked and potentially identifying different perspectives
of how the data could be interpreted. The codes from each of the authors were
compared, and in most cases, they relayed the same information, however, with
different degrees of detail.

We used a combination of coding methods suggested by Saldafia in his cod-
ing manual [13], specifically First Cycle methods. These methods are foundational
coding procedures that are typically applied during the initial stages of qualitative
data analysis. Saldana suggests using In Vivo Coding, Initial Coding, and/or Values
Coding specifically for interview transcripts. We found Initial Coding and In Vivo
Coding to be most suitable for our data. This was mainly due to Initial Coding
offering the freedom, in the beginning, to code as we went and try to give the best
representation of the data, i.e., as Saldana states, Initial Coding is the first phase
of approaching the data through grounded theory. In Vivo Coding further offers to
give the best representation of the data as it involves using a word or short phrase
from the actual language of the participant as a code. It is useful for capturing how
participants frame their experiences using their own terms. For the final suggestion,
i.e., Values Coding, we did not find it as intuitive as the other two coding methods.
Values Coding involves associating a code either with the letter V, A, or B, indi-
cating whether the code relates to the interviewee’s value, attribute, or belief. As
was mentioned in Saldana’s manual, it can be hard to determine to which type an
interviewee’s remark should be classified. We also thought that we risked that our
own beliefs and thoughts would affect the way that we categorized the remarks of
the interviewees. Therefore, we would not be offering the best representation of the
data.

As we progressed with the coding, we noticed elements of Process Coding
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emerging in our codes. Process Coding involves using gerunds (“-ing” words) to
identify observable and conceptual actions in the data. This correlated with the
coding manual, stating that Initial Coding could often include In Vivo and Process
Coding.

Given the diverse range of topics covered in the interviews, adding another
layer of specificity to our codes was often necessary to clearly indicate, for example,
which tool the comment related to. To achieve this, we employed Subcoding. This
coding method involves assigning additional codes to a parent code to provide extra
details or capture a specific aspect of the coded data.

In summary, we used a combination of Initial Coding, In Vivo Coding, Pro-
cess Coding, and Subcoding methods to thoroughly analyze the data collected from
the semi-structured interviews. These coding techniques allowed us to distill the
rich qualitative data into identifiable themes and patterns, ultimately enabling us
to draw meaningful conclusions from our research.

The following are examples of codes from the interview transcripts:

“One goal was, [...], the usability. That it should be fairly easy to set up and to use the
tool on a daily basis” - Interviewee 1

The code associated with the quote above is: T-Reqs goal — Usability, “easy to set
up and to use”. In the code T-Reqs goal is the Initial Coding, Usability is the
Subcoding, and “easy to set up and to use” is the In Vivo Coding.

“Initially, it was very tough because if you want to copy the whole image, it was not
quite easy. You had to choose and select and so many things was, yeah. Sometimes it
gets wrong and you know copy pasting the things doesn’t work, it didn’t work properly.
So they had kind of a lot of issues, yeah.” - Interviewee 4

The code associated with the quote above is: Rhapsody: Issues with copying image.
In the code Rhapsody is the Initial Coding, and Issues with copying image is Process
Coding.

The evaluation criteria of the tool will be based on whether the tool has met the
desired expectations and solved the problems it was intended to solve. This can
be retrieved by comparing the answers in the interviews and the survey to the
documentation stating these expectations and mitigation of problems that justified
the initial decision to choose to work with T-Regs.

4.3 Ethical Considerations

The following measures were taken to follow ethical guidelines regarding human
participants. The purpose of the interviews and the document containing the original
proposal for this research were provided to the participants prior to the interviews.
The purpose of the survey was also relayed. Participation in the interviews and
survey was both voluntary. The names of the participants were not recorded or
disclosed in any of the research documents. Thus, anonymity and confidentiality
were guaranteed. The interviews took no longer than one hour, to cause the least
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amount of disturbance to the participants’ daily work. The participants were also
offered to ask questions if they needed any clarifications. Verbal consent for recording
the interviews was given at the start of each interview.

4.4 Threats to Validity

Given the research method chosen and the data collection and analysis performed in
this research, certain threats to validity have been introduced. In this section, these
threats will be discussed in accordance with the classification suggested by Runeson
et al. [11], i.e., construct validity, external validity, internal validity, and reliability.

4.4.1 Construct validity

A threat to construct validity that is present in this research concerns the topic of the
tool in comparison to the previous requirements engineering tools at Ericsson. That
is, half of the interviewees were not familiar with the previous tools or other tools
in the industry except T-Reqgs. This posed a threat since two research questions
rely on knowledge of traditional requirements engineering tools. For the second
research question, where we asked the interviewees to describe the advantages and
disadvantages of the tool, this could be done without the knowledge of other tools.
However, for the research question regarding the characteristic of the tool, i.e., its
unique features, it proved more challenging. Thus, the interviewees that did not
have knowledge of other tools were instead asked to identify what they considered
the key features of the tool.

In addressing potential threats to the construct validity in our research method-
ology, it is crucial to acknowledge the role of the generative Al, ChatGPT-4, used in
our study. A key area where the Al tool was utilized was in summarizing a compre-
hensive criteria list from a prior study [30]. While summarizing, we were conscious
of the potential for bias towards T-Reqs if the summarization was performed man-
ually by the authors, as we might select items in the list in favor of T-Reqs, due to
our closeness to the tool. To mitigate this potential bias, we deployed the Al tool.
However, using an Al introduces its own potential threats to validity. Specifically,
there might be subtle changes in the meaning of the text due to the Al’s interpreta-
tion, posing a risk to the construct validity. To counteract this, we have diligently
reviewed the Al-generated summary and made necessary adjustments to ensure the
correctness and integrity of the summarization.

The AT tool was also employed for grammar and syntax correction in parts of
the paper. While the tool generally improves the consistency and clarity of the text,
it may not perfectly understand the context of the study. It could suggest changes
leading to inaccuracies in the grammar or phrasing. Therefore, although we carefully
scrutinized all Al-suggested changes, there is still a possibility of minor discrepancies
that might affect construct validity. These potential issues are essential to consider,
though they are unlikely to significantly impact the overall findings or conclusions
of our study.
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4.4.2 Internal Validity

Given the heavy reliance on semi-structured interviews in this study, there is a risk
that the authors’ expectations and preconceptions could influence the data analysis
process. To address this potential threat to the study’s validity, we adopted a
coding approach based on established strategies proposed by Saldana [13]. The
interview transcripts were coded independently by both authors and then compared
to promote consistency and reduce subjectivity. However, another potential threat
to the reliability of our study comes from the absence of checks for the coding process
by an independent, external party. This lack of external verification could introduce
a risk of the codes being less accurate or reliable, as the authors are not experts in the
field and have limited prior knowledge of requirements engineering tools. Although
this risk was partially mitigated by the independent coding process performed by
the authors, the absence of an external reviewer remains a limitation. To verify
and validate our findings from the interviews, we sent out a follow-up survey to the
interviewees in order to confirm our interpretations of the data gathered from the
interviews. Through these measures, we sought to enhance the rigor and reliability
of the study’s qualitative data analysis.

By using convenience sampling, a potential bias can be introduced, i.e, sam-
pling bias, as the ones agreeing to be interviewed might have a more positive view of
T-Regs than the average population. Consequently, the sample may not be represen-
tative of the entire population and limits the generalizability of the study’s findings.
To address this limitation, we employed several strategies. First, the sample size
was selected with the goal in mind of striving to achieve data saturation, i.e., get as
many perspectives as possible in order to draw necessary conclusions. Second, we
utilized snowball sampling to diversify the participants and obtain a broader range
of perspectives, including hard-to-reach subjects. Third, to obtain a more diverse
sample, we also compared the characteristics of the participants to those of the
population. Specifically, we focused on the participants’ role at Ericsson and their
experience with requirements engineering tools as the main criteria for inclusion in
the study. By considering these characteristics, we aimed to ensure that the sample
accurately represented the target population and increased the generalizability of
the study’s findings. Despite these efforts, sampling bias remains a potential threat
to the validity of our findings.

4.4.3 External Validity

The delimitation of this study includes reducing the scope of the case study to
focus mainly on the text-based requirements engineering tool at Ericsson instead
of performing a general case study on said tools. This decision was mainly due to
resources and time constraints, i.e., depth was preferred over breadth, considering
the qualitative nature of a more complex evaluation like this. The authors of this
study also had the opportunity to work with T-Reqs during the master’s level course
Industrial Practice Project in Software Engineering and familiarize themselves with
the tool.

Due to the delimitation of the scope of the case study, the main limitation
of this study is the lack of generalizability. Since it is an evaluation of a tool in a
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contained environment, i.e., within one company, the possibility could arise that the
company’s experience with the tool could not be comparable to another company.

The inherent risk of limited generalizability posed by a single case study
approach was mitigated through several strategic measures. Primarily, this was
achieved by formulating a research question that expands the scope to encompass
the general characteristics of these new tools and proposing a definition for them.
Additionally, a workshop was conducted to engage a diverse group of practitioners in
the discussion of preliminary findings derived from the interviews. The goal of these
discussions was not only to validate and refine the insights gained from the Ericsson
context but also to extrapolate these insights to broader contexts. By facilitating a
dialogue regarding the potential adoption of T-Regs in other companies, we strived
to identify conditions and contexts where T-Reqgs could demonstrate utility. This
method provided a platform for participants to share their unique perspectives, thus
enriching the research findings and enhancing their potential applicability beyond
the specific case of Ericsson. Finally, from the findings of this study, we offer advice
for what should be considered when choosing a requirements engineering tool in
Section 6.2.

By illustrating the specific context in which T-Reqgs has been employed, con-
sidering the fulfilled expectations, advantages, and disadvantages of the tool, we
assume transferability [42] can be established. That is, experts in the field of re-
quirements and tooling can interpret the results of this study in order to evaluate
if they are applicable in their contexts. Thus, the workshop could be used to assess
whether transferability had been achieved.

4.4.4 Reliability

There exists a threat to the reliability of the research due to it potentially being
hard to replicate as the interviews were semi-structured. In order to minimize this
threat, the results derived from the interviews were verified by sending a follow-up
survey to the interview participants.

A threat to reliability is also present in terms of the questions posed during
the interviews or in the survey being unclear. This ambiguity could result in a mis-
understanding which will evidently skew the results. To mitigate this threat, the
authors performed a literature review analyzing challenges found regarding require-
ments engineering tools to familiarize themselves with the terminology and features
most common to the tools. This vocabulary was then employed to form the ques-
tions for the interviews. Additionally, due to the authors being acquainted with the
tool from previous interactions with it, the terminologies and vocabulary employed
in relation to it at Ericsson were already familiar to the authors and enabled eas-
ier discussions in the interviews, minimizing misunderstandings. For the questions
posed in the survey, this threat was mitigated by asking questions based on topics
and themes discussed during the interviews. Additionally, the survey was only sent
to those who participated in the interviews.
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Results

In this chapter, the results of this case study will be presented in accordance with
the previously posed research questions.

5.1 RQ1 (Expectations)

How well do the expectations of T-Reqs before its implementation match with how
the tool performs today?

The main goals and expectations for the tool were increased usability and
improved ways of working. Most interviewees that were aware of the original
goals of the tool agreed that the tool had achieved what it set out to achieve
for the most part. Several interviewees noted that they had seen an increase in
requirements updates done by the teams themselves, the scale-out of the com-
pany was successful, and the tool is currently being adopted in organizations
across the company.

To answer this research question, we start by describing the considerations and
decisions made regarding the implementation of T-Reqs, gathered from both the
interviews and artifacts provided by Ericsson. Then relate the different expectations
and goals concerning the tool and whether those are considered to have been met
or not.

5.1.1 Implementation Considerations & Decisions

The following main areas of consideration were identified when it came to implement-
ing T-Regs, i.e., version control and storage, requirements modeling, traceability of
requirements and test cases, interoperability, ways of working, and other tools.

5.1.1.1 Version Control & Storage

When using the previous requirements engineering tools, i.e., Rational RequisitePro
and Rhapsody, the version control handling had to be done manually and separately
from the tools. This evidently introduced more manual labor and was not time effi-
cient. It was thus considered important to be able to store requirements, code, and
test cases together to enable an easier way to baseline and thus compare and review
changes to both requirements and the code and test cases simultaneously. In order
to store requirements together with the code, it was considered most convenient to
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store the requirements in text-based files, i.e., Markdown files, which also complied
with the need for being able to view the requirements in a human-readable format.

5.1.1.2 Requirements Modeling

In order to replace the previous modeling tool Rhapsody, T-Reqs had to have the
possibility of also displaying diagrams alongside the requirements. It was decided
to integrate PlantUML into T-Reqs as it is text-based as well and could thus be
included in the T-Reqs files and managed the same way as the requirements.

5.1.1.3 Traceability of Requirements & Test Cases

The storage of trace links between requirements and test cases is vital as they justify
whether a requirement has been fulfilled or not. Thus, illustrating when a require-
ment was delivered as code and how it was tested. The original idea was to still
pertain the tracing information and the metadata in a database, as was done in
Rational RequisitePro. However, it was instead proposed to include the trace infor-
mation in the requirements documents, and test case files themselves. Therefore, all
artifacts are in a similar location, and in order to add a new requirement, the update
could be made in only a single file. This will also assert that the trace information
is always in sync with the artifacts.

5.1.1.4 Interoperability of T-Reqgs

Different organizations within Ericsson have varying products that they develop, as
with varying tools that they employ. Therefore, it was important that the tool had
interoperability with other systems in use. The byproduct of selecting a traditional
requirements engineering tool is that they are often part of a package of other tools,
which the companies creating these tools suggest are used collectively. However,
Ericsson already had these other systems for their development processes, e.g., test,
build, and issue reporting systems, which they did not want to abandon without
cause. Thus, it was important that the new tool fit the current tool suite.

As mentioned above, it was important to have version control as part of the
tool, and thus, in order to make versioning consistent, T-Reqs is integrated into each
product’s repository. This was not done all at once and has rather been a gradual
spread across the departments and products, and T-Reqs plugins implemented for
the different development tools each department relies on.

5.1.1.5 Ways of Working

Apart from needing to switch tools due to RequisitePro no longer being supported,
one of the major factors in changing tools was also due to a new way of working,
which Ericsson wanted to introduce. Namely, they were moving towards more agile
ways of working. In doing so, they wanted to involve the team more in the require-
ment engineering process, i.e., integrating it more into the development process and
increasing the teams’ responsibility of managing the requirements. This should also
enhance the teams’ understanding of the requirements and aid in the implementa-
tion. This would be a challenge when considering licensing tools, as they are often
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charged per user. Thus, an incentive exists to either pick an open-source tool or
develop a tool in-house.

5.1.1.6 Other Tools

At the time, Ericsson experts evaluated other tools on the market, but none were
considered suitable for the development at the company, which opted thus to develop
its own tool. As many interviewees pointed out, this is not an uncommon occurrence
as there is a culture within Ericsson to develop their own tools. Which, as one
interviewee stated, has been done with varying success, but they considered T-Reqs
to be a “decent result” (Interviewee 6). On the other hand, another interviewee
stated that they didn’t know if in-house development was good or bad as a lot of the
initial work performed on developing the tool “could have been resolved with having
a licensed tool” (Interviewee 2). However, the consensus among the interviewees
was that developing the tool in-house was a good decision as it was then tailored to
Ericsson’s needs, i.e., licensing tools offer a large variety of features that are not all
applicable for Ericsson’s requirements management. Additionally, it makes it easy
to reach out and request changes or bug fixes, i.e., offers “good customer support”
(Interviewee 10). However, Interviewee 14 noted that compared to the licensing
tool, T-Regs lacks in providing extensive documentation and instructions, though
that is on the mend.

5.1.2 Goals & Expectations

The following goals and expectations towards T-Reqs were identified, i.e., usabil-
ity and improved ways of working. The expectation of improved ways of working
contains the subgoals scale-out, automated test reporting, facilitated collaboration,
pertain the structure, and master branch release ready.

5.1.2.1 Usability

One of the primary goals of introducing the new tool was to emphasize ease of use,
i.e., that it should be easy to set up the tool as well as to use it. This should be true
for both frequent users and infrequent users, i.e., the tool should also be intuitive
enough to benefit users that do not use it on a regular basis. This was partly solved
by using the existing Git framework accessible through a Linux virtual machine, i.e.,
technology that most developers were familiar with. This familiarity with Git also
lends itself to the expectation of developers having less fear of losing work, i,e., for
example, changes made should be easy to undo. Using the existing Git framework
also ensured that developers could remain working in the same environment, i.e.,
that they did not have to switch between tools while developing. In addition to
the version control, an HTML preview can be generated in the editor to parse the
syntax written for the requirements in the Markdown files, including the PlantUML
diagrams. This enables the developers to view how the requirement will be displayed
in the T-Reqs Web before they commit their changes.
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5.1.2.2 Improved Ways of Working

Scale-Out: One of the main expectations of moving the requirements closer to the
development teams was to be able to scale better, i.e., increase the number of cross-
functional development teams, thus enabling large-scale agile development. For
Ericsson’s previous ways of working, it was the responsibility of the General System
Manager to make sure that the requirements were written and up-to-date. Due to
there only being a limited amount of General System Managers, then by introducing
new development teams, Ericsson risked creating a bottleneck in their requirements
management processes. That is, the teams would have to wait longer for feedback
from the General System Managers resulting in delayed development or deprioriti-
zation of requirements. However, by moving the requirements closer to the team,
this bottleneck is eliminated, or more specifically reduced, as the team still needs
to notify the General System Manager of any changes as they are the artifacts
responsible.

Moving the requirements closer to the cross-functional development teams also
enables the contribution of everyone in the team. Thus, instead of having “big bangs”
(Interviewee 8) there are more frequent and smaller changes. Which, in turn, makes
it both easier to maintain the requirements as well as update them. This also makes
it less likely that the requirements are ignored, i.e., if the team developing the code
is the one responsible for keeping the requirements and code in sync.

Automated Test Reporting: Another primary goal was to bring down the cost of
manual test reporting. Previously, that is in Rational RequisitePro, the test results
had to be manually written in a database after the tests were run. It was possible
to automate this process when the traces from test cases to the requirements were
introduced in the test case files, as mentioned above.

Facilitate Collaboration: One of the challenges that present itself in large-scale agile
development relates to collaboration, more specifically, how to bridge the gap be-
tween plan-driven and agile development (Section 2.2.1). In the case at Ericsson,
this corresponds to the collaboration between the General System Manager and the
development team, particularly the Team System Manager.

The consensus among the interviewees was that this collaboration was going
well, as remarked by a General System Manager,

“..I feel it’s quite easy to just exchange information with [Team System Managers|
and request changes or come to an agreement of who should make certain changes for
documents and so on.” - Interviewee 6

The collaboration was also considered to be facilitated with the help of Git and
Gerrit, i.e., the reviews in Gerrit offer transparency as changes in the documents are
displayed in an easily readable manner. The review process with the previous tools
was a lot more challenging. In Rhapsody, this was due to the fact that it was hard
to see what had been changed and when, while in RequisitePro, the documents were
sent via email for review. Thus, as one interviewee stated,
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“So out of the tools we have used, I would say this is the best one for collaboration” -
Interviewee 9

T-Reqs Web was also noted by one of the interviewees as a good point of dis-
cussion between the system managers, i.e., for showcasing the written requirements.
However, one interviewee pointed out that they considered that the facilitation of
the collaboration was less due to the T-Reqs tool and more due to the ways of work-
ing. In addition, if the rules established by the way of working were being followed,
i.e., that the right people were being notified of certain changes.

The collaboration between the Team System Manager and the development
team they are a part of seemed to be more challenging in some cases when it came
to requirements management. This was illustrated by one of the Team System
Managers, by stating that they felt as if they were the only ones in the team that
cared about the requirements. Another interviewee stated that there was a lack
of engagement from the other team members but that the team did a final review
together. If the need for a change in the requirements was noted by a team member,
the protocol is to raise the issue with the Team System Manager, that makes the
changes in T-Reqgs and notifies the appropriate General System Manager.

Retain the Structure: The goal was also to find a compromise between having a lot
of structure and no structure at all in terms of requirements engineering processes.
Agile software practices do not promote as extensive documentation as the more
plan-driven approach. Thus, despite Ericsson moving from the waterfall model
towards more agile ways of working, it was important to still keep some structure,
i.e., research potential features and write initial high-level requirements before the
development started. This was illustrated in the following interviewee’s remarks,

“..it’s a compromise. We try to take the best from what is needed, ideas of structure
and so on from the UML tools, the expensive ones. And at the same time, but not too
much, we make you keep it lightweight.” - Interviewee 7

Master Branch Release Ready: By storing the requirements alongside the source
code, it facilitates keeping them in sync, and the expectation is thus that the re-
quirements will be up-to-date in every release. Therefore, a goal that Ericsson had
in terms of their development was to have the master branch always release ready.
This would allow the possibility to look through the history of all the releases and
pick any build and release it to the customer. Unfortunately, this is not a possibility
for Ericsson today as the current test suite has many expensive tests which take a
long time to run. As it is not feasible to run the tests for every commit that is pushed
to master, Ericsson has instead opted for monthly or bimonthly releases. However,
it is important to note that having the master branch release ready is still an end
goal of Ericsson and, thus, an important consideration that the new tool should not
be a hindrance in achieving said goal. Thus, the tool is not at fault in this case,
and the hope is to reduce the length of the release cycles as quality permits in the
future.
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Goals & Expectations Fulfillment
Usability
Scale-Out
Automated Test Reporting
Facilitate Collaboration
Retain the Structure
Master Branch Release Ready

Table 5.1: Table of expectations and whether they have been fulfilled, indicated
with green if they have and yellow if only partially fulfilled

5.1.3 Fulfilled Expectations

High experience: The consensus among interviewees with knowledge of the imple-
mentation decisions and original goals of T-Reqs was that the tool had achieved
what it set out to achieve for the most part. This was emphasized by several in-
terviewees stating they had noticed an increase in requirements updates done by
the teams themselves, the scale-out of the company was successful, i.e., they had
managed to increase the number of development teams, and the tool was currently
being adopted by other organizations across the company. Another interviewee
noted that the ease of use was facilitated as the tool was nicely integrated with Git,
and the Gerrit reviews also factored into that, i.e., seeing the diffs between commits.

Low experience: For interviewees with less knowledge of the previous requirements
engineering tools and thus the decision-making process behind T-Reqgs had, for the
most part, no specific preconceptions or personal expectations when it came to the
tool. This was illustrated by one interviewee when they stated that,

“..it’s like, you know you’re a child when you come into the world and it just exists.
You don’t really question things.” - Interviewee 5

The interviewees that expressed any specific personal preconception entailed quite
general remarks on the tool. One interviewee remarked,

“I have only expected it to be kind of a, maybe advanced document for storing require-
ments definitions. So you would have ID and then you would have some describing
text, maybe some attributes. And I think T-Reqs pretty much, yeah, achieves that.” -
Interviewee 6

Interviewee 12 expressed that they expected the tool to help organize the informa-
tion about their products, history, and behavior, as well as the reasoning behind
decisions. They, however, thought it would be more user-friendly than it is, which
in part was due to trouble with learning new syntax. This, they said, was expected
but not as smooth as it should be. They also remarked that more senior General
System Managers are often deterred from using the tool as they often find it hard
to see what they have changed in T-Reqs due to a lack of experience with Git.

Conclusion: In Table 5.1, the goals and expectations of the tool mentioned in Section
5.1.2 are displayed along with the indication of whether they have been met or not.
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The color green indicates that an expectation has been met, and yellow indicates
that, in some aspects, the expectation has been met and, in some aspects, not. As
can be seen in the table, all of the expectations have been met to at least some
degree. The reason why two of the goals have not been fully achieved is not due
to the tool itself being a hindrance. Instead, the tool’s usability is not as high for
users that are not as familiar with using Git version control, and keeping the master
branch always release-ready has not yet been achieved due to an expensive test suite.

5.1.4 Results from the Survey

A subset of the questions posed in the follow-up survey was to verify that some
of the goals and expectations, identified in the interviews, had been met. More
specifically, the ones relating to the users of the tool rather than its implementation.
That is, the usability of the tool and whether it facilitates collaboration. It should
be noted that all interviewees answered each question except Question 8, where one
participant chose not to respond.

4. What is your sentiment towards the following statements?

W Strongly disagree M Disagree M Neutral W Agree MW Strongly agree B | don't know

It is easy to update requirements in T-

Reqgs

It is clear when requirements should be

written in T-Regs

It is clear when requirements should be ._
updated in T-Reqs

It is clear who should write the I_
requirements in T-Reqs

It is clear who should update the I_
requirements in T-Regs

100% 0% 100%

Figure 5.2: Diverging stacked bar chart displaying the responses to Question 4 in
the survey

The statements in Figure 5.2 relate to the challenge in large-scale agile devel-
opment regarding updating requirements, i.e., requirements must be susceptible to
change, which is connected to the goal regarding usability, as illustrated in Section
??. The results show that all except one respondent considered it easy to update
requirements in T-Reqs, with the majority, i.e., six out of ten, strongly agreeing with
the statement. With regard to when requirements should be written or updated, the
majority found it to be clear. Despite this, Respondent 5 disagreed with both state-
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ments, considering it not to be clear. Similarly, Respondent 1, strongly disagreed in
regard to it being clear when requirements are written but remained neutral on the
clarity of when they should be updated. Regarding whether or not it is apparent
who should write or update the requirements, the vast majority also agreed, with
only one participant (Respondent 1), disagreeing with both statements.

In Figure 5.3, participants were asked to give their sentiment regarding state-
ments connected to the goal relating to usability and how easy it is to distinguish
when a requirement was implemented or the implementation status of it in a spe-
cific release. The respondents’ opinions regarding whether it is easy to search for
requirements in T-Reqs are a bit divided, with three respondents either disagreeing
or strongly disagreeing and six respondents either choosing to agree or strongly agree.
One respondent remained neutral. For the sentiment of the respondents regarding
the second statement, regarding how easy it is to find in which release a requirement
was implemented, one disagreed, four chose to remain neutral, one strongly agreed,
and the rest agreed. The responses to the last statement, i.e., whether it was easy
to see which requirements are supported in a certain release, with four respondents
choosing strongly agree and three agreeing to the statement. However, two partici-
pants selected the option that they did not know, and one remained neutral to the
statement.

5. What is your sentiment towards the following statements?

B Strongly disagree M Disagree M Neutral B Agree B Strongly agree B | don't know

It is easy to search for requirements in T-Regs l-l_
It is easy enough to find in which release a

requirement was implemented

It is easy enough to go back to a certain release and

see which requirements are supported there

100% 0% 100%

Figure 5.3: Diverging stacked bar chart displaying the responses to Question 5 in
the survey

The challenge of consistent requirements quality found in large-scale agile de-
velopment, connected to the goals of usability and collaboration, was explored by
asking for the sentiment of the participants towards the statements seen in Figure
5.4. Regarding the statement whether it is a challenge that requirements reside in
different repositories, the respondents were split, i.e., five agreed and four disagreed
with the statement, with, however, one person being neutral to the statement. The
majority of the participants agreed with the statement that it was hard to keep the
quality of requirements in their product domain consistent with the requirements in
other product domains. That is, six respondents agreed with the statement, and one
respondent strongly agreed. However, two persons disagreed, i.e., considering it not
to be hard, and one person was neutral to the statement. Similarly, for the state-
ment regarding whether requirements reviews helped with keeping the quality of
the requirements consistent, all except one participant agreed. The respondent that
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6. What is your sentiment towards the following statements?

M Strongly disagree M Disagree M Neutral M Agree B Strongly agree

Requirements residing in different repositories is a
challenge

It is hard to keep the quality of requirements in your
product domain consistent with the requirements in
other product domains

Requirements reviews help with keeping the quality
of the requirements consistent

I look at previously written requirements to make
sure requirements are consistent and of similar

100%

W | don't know

0% 100%

Figure 5.4: Diverging stacked bar chart displaying the responses to Question 6 in

the survey

7. What is your sentiment towards the following statement?

M Strongly disagree M Disagree M Neutral M Agree M Strongly agree

| believe T-Reqs facilitates collaboration between gen
SM and team/team SM in regards to writing

requirements and their management
100%

W | don't know

0% 100%

Figure 5.5: Diverging stacked bar chart displaying the responses to Question 7 in

the survey
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did not agree selected the option to stay neutral. In regard to looking at previously
written requirements to make sure requirements are consistent and of similar quality,
the majority agreed with the statement, i.e., four agreed and two strongly agreed.
However, three respondents remained neutral, and one respondent disagreed.

As mentioned in Section 5.1.2.2 above, one of the main goals and expectations
of the tool was to facilitate collaboration. In Figure 5.5, it is illustrated that the
majority of the respondents perceive that the tool does facilitate this collaboration,
i.e., between the General System Managers and the Team System Managers in terms
of writing and managing requirements. That is, five respondents agreed with the
statement, and four strongly agreed. However, one person strongly disagreed with
this statement.

We asked the participants of the survey to give their reasoning behind their
sentiment to the statement in Question 7. From the statements given by the re-
spondents, it is clear that the main collaboration takes place when reviewing re-
quirements, both when they are initially written and then when they need to be
updated. Respondent 2 explained that they considered it to facilitate that some-
thing has been agreed upon. However, they added that it is another step that the
General System Managers have to take on, i.e., reviewing requirements updates,
and takes more time than a meeting. Nevertheless, this is more due to the General
System Managers being overloaded in regard to tasks than the tool itself. Similar
remarks were given by other respondents, i.e., emphasizing that the tool was not a
hindrance but rather the willingness of employees to be involved with the tool. This
was further illustrated by Respondent 3, as they remarked that the tool was good
at facilitating this collaboration as long as effort was being made by both parties
to view changes and perform reviews. Additionally, the respondent stated that a
current issue was slowness in regard to feedback, as all requirements need to be
reviewed and approved by General System Managers. Respondent 6 elaborated on
this collaboration, i.e., in terms of reviewing requirements, by stating that the Gen-
eral System Managers can ensure that the quality and structure of the writing are
maintained and consistent. The Team System Managers can then offer comments
regarding the technical accuracy of the written requirements. From another angle,
Respondent 4 considered the collaboration to be made easy in the repository by
using Git and Gerrit. The reasoning that Respondent 1 gave in regard to strongly
disagreeing with the statement was due to the current state of the requirements,
which they believed were misaligned with the products. They further stated that
Ericsson should have a new way of handling requirements.

The statements in Figure 5.6 relate again to the goal of the usability of the
tool, more specifically, that the tool should be both easy to set up and use. Half
of the participants strongly agreed that the tool was easy to set up, two remained
neutral, and the rest agreed. Four respondents agreed that it was easy to use the
plugin in the code editors (T-Reqs editor in Figure 5.6), and three strongly agreed
with the statement. However, three respondents chose the option that they did not
know. In regards to the usability of T-Reqs Web, all except one thought that it
was easy to use, with two respondents strongly agreeing with the statement. Of the
different views offered for T-Reqs, T-Reqs Viewer seems to be the one most difficult
to use, as three participants disagreed with the statement that it was easy to use,
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9. What is your sentiment towards the following statements?

M Strongly disagree MW Disagree W Neutral W Agree W Strongly agree M | don't know

It is easy to setup T-Reqs ._

It is easy to use T-Reqs editor _
It is easy to use T-Reqs Web I_

It is easy to use T-Reqs Viewer --

Using git for version control reduces my I_
fear of losing work

100% 0% 100%

Figure 5.6: Diverging stacked bar chart displaying the responses to Question 9 in
the survey

but the rest agreed that it was easy. Regarding the expectation that Git version
control would reduce the fear of losing the work that has been done, the statement
seemed to resonate with the respondents as half strongly agreed with the statement,
four agreed, and one participant remained neutral.

In conclusion, the survey results showed that the tool’s usability was good,
with only some disagreeing with the search for requirements in T-Reqgs being easy
and using the T-Reqs Viewer. This corresponds, however, with the fact that six of
the participants strongly agreed that they were comfortable with using Git version
control, and the other four agreed with the statement. That is, the population
of employees not as comfortable with Git is not represented in the survey answers,
which were one group considered to have the most issue with the usability of the tool
according to the interviewees. The results confirm that collaboration is facilitated
by the tool, which also helps with keeping the quality of the requirements consistent.
The challenge, however, is that requirements reside in different repositories and that
it is hard to keep the quality between them consistent. One outlier considered the
current state of the requirements not adequate and called for a new way of handling
requirements.
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5.2 RQ2 (Advantages and Disadvantages)

What advantages and disadvantages of T-Reqs can be observed in practice in relation
to traditional requirement tools?

The results show that developers perceive the main advantage of T-Reqs to be
its integration with the development environment. By storing requirements
as text files in Git along with source code and test cases, the tool allows for
easy access, updates, tracing, version control, and baselining. Requirements
can also be seamlessly integrated into the review process, thereby promoting
collaboration and usability. From a broader organizational perspective, the
main advantage of T-Reqs for Ericsson is its cost-effectiveness as a solution
developed in-house. However, the research findings indicate that infrequent
users lacking familiarity with standard IT technology may encounter signif-
icant usability challenges when using T-Regs. In addition, due to the high
freedom of the tool, the absence of clear guidelines can affect the quality of
the requirements, highlighting the need for effective training and support for
the tool’s users.

To answer this question, we present the advantages and disadvantages of T-
Reqgs, Rational RequisitePro, and Rhapsody based on the themes identified from
the semi-structured interviews. A summary of all advantages and disadvantages of
T-Regs found and presented in this chapter are provided in Table 5.2. Lastly, we
emphasize the practical aspects of T-Reqs’ advantages and disadvantages in Section
5.2.5 that discusses observations of T-Reqgs in use, addressing contextual factors that
affect its performance.

5.2.1 Usability

Integrated into the Development Environment: T-Reqs has the advantage of being
integrated with the environment used for source code and testing, i.e., in a ver-
sion control system as text files. This allows developers and testers to have their
daily tasks in the same place without needing to switch to a separate program for
managing requirements. In the words of one interviewee,

“..everything located in one place [...]. As a developer it’s nice to be able to use what
you are usually working with the other day to day tasks” - Interviewee 13

However, this adds an extra step in the work process for most General Sys-
tem Managers, who are not usually working in the development environment. They
must then connect to an external virtual machine for the requirement handling in
T-Reqs, which can take some time. Similarly, Rational RequisitePro and Rhapsody
faced integration challenges within the software environment due to their lack of
support on the Ericsson platform. Consequently, virtual machines were employed
to execute these programs, resulting in prolonged startup times and a cumbersome
user experience.
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ADVANTAGES

MIXED ADVANTAGES/DISAD-
VANTAGES

5.2.1 USABIL-
ITY

Can dynamically render
an HTML preview of the
document

Easy access to informa-
tion regarding the require-
ments

Integrated in the develop-
ment environment

Built upon standard IT
technology (e.g. Git,
Linux)

Has a high degree of free-
dom (low restriction of
what to write in a require-
ment)

Tool setup

Filling out tags and at-
tributes

Creating PlantUML lay-
outs

Lack of visualization of
how requirements are con-
nected

Lack of guidelines regard-
ing what to write in the re-
quirements

5.2.2 IN-HOUSE
DEVELOP-
MENT VERSUS
LICENSED
TOOLS

Lower cost than licensing
tools

Improvements of the tool
via change requests is pos-
sible due to in-house de-
velopment

No unnecessary features
Allows multiple users to
have access to the require-
ments (as opposed to lim-
ited amount of licenses)

Missing functionality

New functionality /bug
fixes take a long time to
implement

5.2.3 STORAGE
& VERSION
CONTROL

Easy synchronization with
code and test cases (keep-
ing requirements release
ready)

Easy tracing

Easy version control

Easy baselining

Enables automated test

reporting
Easy to simultaneously
update requirements/-

source code/test cases
Reduced fear of making
mistakes/losing work

Solving merge conflicts in
Git

Multiple repositories
(mapping &  different
WoW)

5.2.4 COLLABO-
RATION & AC-
CESSIBILITY

Allows multiple users to
work on the same require-
ments artefact simultane-
ously

Change tracking in Git
(who changed what)
Integration with review
process (Gerrit)

Lack of guidelines regard-
ing who should write the
initial requirements

Table 5.2: Advantages, disadvantages, and mixed advantages/disadvantages of T-
Reqs identified through interviews with Ericsson personnel.
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Reuse of Standard IT Technology: T-Reqs, by leveraging standard I'T technologies
such as Markdown files, PlantUML, Git, and the Linux OS, aligns well with the prior
experience of many users, particularly developers, thereby enhancing its usability.
As highlighted by one participant,

“..what I liked about T-Reqs was that it was based around these markdown files, right?
So I have some experience with markdown before, so I thought that was nice like it was
in the format I could understand.” - Interviewee 5

Similarly, another interviewee reiterated the perceived benefit.

“The thing is that I was kind of familiar with, because for T-Reqgs you need to use Git
and Gerrit and stuff. And I was thankful for that because I was working this Git and
Gerrit in my previous job.” - Interviewee 10

The stripped-down feature set, coupled with the standard technologies, keeps
the tool’s interface simple and direct - primarily a terminal and a text editor -
facilitating easy reading and writing of requirements. However, some interviewees
expressed some initial struggles with the syntax of requirements.

The use of standard IT technologies also eases the onboarding process for
new employees, contrasting with standalone programs like Rational RequisitePro
and Rhapsody, which require specific training. However, while these features are
convenient and user-friendly for developers, they may be challenging for those less
familiar with these technologies. Users who face a technical gap can find aspects of
the tool, such as resolving Git merge conflicts, daunting and potentially off-putting.
Despite a few of the interviewees reporting problems with usage, there is recognition
that the terminal use might be excessively technical for some users. While resistance
to it has decreased over time, some organizations still exhibit reluctance towards its
adoption. A General System Manager participating in the interviews highlighted the
challenges they face, where even minor modifications can be time-consuming. This
is primarily attributed to the need to recall the specific command-line instructions,
leading to frustration as they tend to forget the process when there are significant
intervals, sometimes spanning up to three months, between tool usage.

Interviewee 13 elucidated an important aspect of tool selection for require-
ment management, emphasizing the correlation between the proximity of teams
to requirement responsibilities and the choice of tools. They suggested that when
teams are closely involved with the requirements, employing them in a version con-
trol system repository is advantageous. However, for users such as General System
Managers, who do not typically operate within the development environment, a tool
with a Graphical User Interface (GUI) could provide a more user-friendly experi-
ence, easing the management and manipulation of requirements. This distinction
underscores the importance of considering the user’s context and familiarity with
the development environment when selecting requirement management tools.

Visualization: As a supplement to the textual requirements in T-Reqs, models can
be created. T-Reqs supports Model Driven Development by enabling the creation
of UML diagrams, providing a visual representation of various use cases. To achieve
these diagrams, PlantUML is used, which has the big advantage of enabling version
control and easy updates of the diagrams due to it being text-based and has been
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described as a powerful tool. On the other hand, a few downsides to PlantUML
have been identified as a theme among the interviewee participants. As stated by
the interviewees, it can be extremely frustrating to work with as the layout created is
not predictable, and the coding structure is quite rigid. A common way to mitigate
this is, as described by the interviewees, to copy old diagrams and edit them to fit
the new use case. It is also difficult to design the diagrams to be descriptive and
easy to read, which does not scale well with complexity. This is unlike the models
in Rhapsody, which have been described by the interviewees as being easy to use.
Additionally, there is no effective way to include images in T-Reqs because they lack
the benefit of version control, making it challenging to compare changes easily. This
limitation aligns with the shortcomings observed in Rhapsody models.

Multiple participants stated that having an easier modeling interface is not
crucial or a hindrance and emphasized that textual requirements are easier to read
and update. However, the interviewees did remark that an easier interface for Plan-
tUML would be beneficial.

Furthermore, T-Reqs lacks in providing visual representations that illustrate
connections between requirements, which could be a consideration for certain users
or use cases, especially when working on umbrella features.

Tool setup: Each of the three tools referenced in this study, i.e., Rational Requi-
sitePro, Rhapsody, and T-Reqs, was said to share a common challenge: a cumber-
some initial setup. The process of installing and integrating the tools within the
existing systems and workflows can be complex and time-consuming. There may be
technical challenges or incompatibilities that need to be addressed, requiring exper-
tise in both the tool itself and the wider system architecture.

Writing and Reading Requirements: T-Reqs has received praise for its ease of use
and accessibility of information by some of the interviewees, particularly through
its web interface that provides an easily readable view of the requirements. One
interviewee explained their use of T-Reqs Web, specifically when they had a lot of
requirements to read through,

| “..it’s easier to do it on the HTML version. So I use that one a lot.” - Interviewee 9

The search functionality in the web interface has been praised by some; but
others find it less attractive. Interviewee 13 described it as slow to load documents as
it searches the entire repository, even in cases where the user knows which document
the desired requirement is in. It was also brought up by the same interviewee that
pop-ups appear and obstruct the browser window when searching for requirements.
Interviewee 14 also wants the search to show the implementation and not only the
requirement when looking for test cases, as that is more relevant to their use case.
Because of these reasons, some prefer the ability to search using commands in the
repository itself, but that also has its own limitations.

The tag system, i.e., the architectural way of storing requirement artifacts
(refer to Section 3.2), its attributes, and the system for validation of tags are useful
assets of T-Reqgs and help to keep track of the development and its connection to
the requirements. However, some users have expressed frustration with the need to
fill in T-Reqgs attributes in the tags, as it can be a time-consuming task. Rational
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RequisitePro faced this issue as well and required even more information to be filled
in towards the end of its life cycle, including information that was not even known
by the users. In addition to the tags, other assisting information, e.g., PlantUML
models enabled by T-Regs, has been mentioned as valuable.

As mentioned above, T-Reqs uses Markdown files to document requirements,
making it easy for those with prior experience and challenging for those without it.
Having a continuous dynamic rendering of the Markdown to HTML in a separate
window mitigates some of the difficulties of not writing in plain text and has been
mentioned as particularly good for the tool’s ease of use. Rational RequisitePro, on
the other hand, utilizes a Word interface where no rendering is needed, which makes
it easy to read and write requirements. Rhapsody’s interface was reportedly easy
to use and allowed users to achieve desired modeling layouts with ease, which is not
the perceived case in T-Reqgs, as PlantUML in T-Reqs poses challenges in achiev-
ing desired layouts. Some aspects were more difficult in the Rhapsody interface,
particularly when performing tasks such as copying and pasting diagrams. Due to
the visual representation that a modeling tool offers, it was easy to understand the
requirements in Rhapsody.

General Positivity: Low-experienced users of requirements engineering tools were
especially positive about the use of T-Reqgs. T-Reqs’s core system has been described
as highly effective, and it facilitates efficient writing. One interviewee even expressed
uncertainty when asked about the potential drawbacks of T-Reqgs, stating,

“I'm trying to think of something which is not good about it, but I'm not sure I can
think of anything. I guess there’s the thing that it might be tricky for people who are
not used to code or terminal, things like that.” - Interviewee 3

Interviewee 5 shared a similar sentiment of conflict regarding potential dis-
advantages, saying that the tool is fine, but the ways of working and surrounding
artifacts are the disadvantages. However, they acknowledged that there were areas
for improvement within T-Regs itself. High-experienced users were more likely to
say that T-Reqs is not as good in terms of usability compared to RequisitePro and
Rhapsody. This was mainly due to more steps needed to complete a task, since all
of the high-experience users are General System Managers and therefore have to
connect to the development environment. The Markdown formatting and the lack
of a Graphical User Interface were also mentioned as barriers to ease of use.

Balancing Flexibility and Structure in Requirement Documentation: Rational Req-
uisitePro and Rhapsody offer structured documentation formats which have been
likened to a labyrinth by an interviewee. The advantage of these structured tools
is their ability to guide users and improve the quality of requirements by dictating
when and how things are written and what metadata is needed. However, this rigid
approach can also prove frustrating and time-consuming for users, limiting their
freedom.

Contrastingly, T-Reqs offers a more flexible, free-form approach to writing
requirements, which has not shown these problems. This high degree of freedom,
however, comes with its own potential risks. As Interviewee 7 cautioned, users
must be aware of the potential dangers associated with such flexibility, with the
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most prominent danger being inconsistencies in the quality of requirements, which
will be discussed further in Section 5.2.5. Despite this, many users prefer the freedom
and sense of empowerment T-Reqs provides, as well as its accessibility and support
for agile work processes.

The introduction of a tool like T-Reqs, which provides a high degree of freedom,
must be accompanied by proper measures to ensure its effective use. These measures
include proper training and guidance for users, clear guidelines and standards for
documentation, and a consistent, organized approach to managing requirements.
Without these precautions, the flexibility provided by T-Reqgs could lead to misuse
and potential risks, undermining the tool’s advantages and hindering its benefits.
Thus, it is a delicate balance between providing the freedom desired by users and
ensuring the quality of requirements documentation.

5.2.2 In-House Development Versus Licensed Tool

Ericsson developed T-Regs in-house instead of buying a license for a tool, as had
been the case for Rational RequisitePro and Rhapsody previously. This decision
comes with its own set of advantages and disadvantages.

Cost: When Rational RequisitePro and Rhapsody were in use, the tools’ fees were
a significant disadvantage for Ericsson. Even though these tools were costly, some
integration was still needed within the environment they were to operate in, which
incurred an extra cost for Ericsson. The tools also required user training, as they
were separate programs, often with proprietary technologies unfamiliar to the users.
The companies providing the services also wanted customers to become dependent
on their tools. This is illustrated by the difficulties of migration from Rhapsody,
and there are still abnormal artifacts in T-Reqs from the poor migration.

Change Requests: With an in-house developed tool like T-Reqs, users are closer
to the development process of the tool. T-Reqs users can request changes or ad-
ditional features to be implemented by the T-Reqs maintenance team at Ericsson.
Conversely, such a request would unlikely be implemented within a licensed tool.
T-Regs is continuously being developed, and shortcomings are seen as temporary.
The only remarked downside is that it can take a long time for proposed changes
to be implemented, with some taking longer than others, depending on whether
multiple people request the same change or not,

“Because if I'm the only one who’s, you know, that’s screaming about the problem,
and nobody else is, then they won’t prioritize it. So that takes quite a long time.” -
Interviewee 6

On the other hand, several other interviewees expressed positive experiences,
emphasizing that they have received prompt responses and feedback from the T-
Reqs development team.

Functionalities € Features: One advantage of licensed tools is that they often come

with a wider range of features and fewer bugs right from the outset. T-Reqs currently
lacks certain features that are commonly found in requirements engineering tools,
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such as the ability to display syntax errors and a requirement history function. At
the same time, Rational RequisitePro received criticism for having a large number
of features that were not commonly used. One participant expressed this sentiment,
remarking that,

“..we only want to use 5% of what they have put in there..” - Interviewee 7

Despite the large feature set, some desired features were missing in Ratio-
nal RequisitePro, e.g., the ability to change multiple requirements at once. One
interviewee expressed their desire for a proprietary tool in terms of the increased
quantity and quality of documentation that would be available in comparison to a
tool developed in-house.

Interviewee 9 highlights that Ericsson is a software company with previous
experience in developing their own tools and has a special organization for it. This
made it beneficial for them to develop T-Reqs, as nothing on the market was a good
fit for their requirements engineering needs. Additionally, the interviewee expressed
that T-Reqs might not be the best at everything, but it handles the requirements
fine, and because it is developed in-house, it is tailored to their needs.

5.2.3 Storage & Version control

Integrated with CI processes at Ericsson: Storing T-Reqs requirements and their
metadata in text files, as well as source code and test files in a version control sys-
tem, offers several advantages in addition to the usability aspects discussed, that is
being integrated into the development environment and using standard I'T technol-
ogy that is familiar to the employees, here the version control system Git. It also
allows for easy synchronization between requirements and source code, i.e., hav-
ing the requirements up to date in every release. Additionally, baselining, version
control, tracing, and automated test reporting become simple tasks. Updating the
source code, test cases, and requirements simultaneously is also possible with this
approach. Searching for requirements is also easier as they reside in the repository
as text files. The files themselves are also smaller in size compared to Rational Req-
uisitePro and Rhapsody files, which saves disc space. Moreover, Git, in combination
with Gerrit, offers collaborative features such as peer reviewing and change tracking,
which allow users to see who has modified what. All in all, T-Reqs is well integrated
into the CI machinery at Ericsson.

Tracing: Tracing is perceived as one of the most prominent advantages of the tool
among the interviewees, both to keep an up-to-date version of the requirements and
to ensure the coverage of the test cases. It has been described as well-implemented
and is a good reason to use the tool. One thing that is missing in regard to the
tracing is feedback on broken trace links. If a tag is removed from a test case or
the test case is removed, there is no feedback to the users, which may result in lost
coverage. A proposed solution would be to add warnings in Gerrit when this occurs.

Version Control in Previous Tools: Rhapsody artifacts were stored similarly with

the source code but could not take advantage of version control in the same way due
to the complexity of the information stored. The requirements were stored as flow
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charts, i.e., text files with extra information which is not human-readable text. They
could, therefore, not be version-controlled or compared like text files and PlantUML
diagrams, meaning version handling had to be executed separately and manually.
Due to Rational RequisitePro storing requirements in a database with Word files,
comparisons could be made quite easily, however, the version control required man-
ual labor. The requirements also had a poor connection to the source code and tests
since they were stored in different places and ways. Baselining was also performed
separately from the tests.

Added Level of Confidence: The use of Git as a version control system has the ad-
vantage of providing an added level of confidence and reducing the fear of making
mistakes. Unlike previous tools, Git allows for undoing actions and reverting to a
previous version of the code without the need to go back manually and undo your
mistake. However, using Git may also lead to merge conflicts, which can be chal-
lenging for inexperienced users to resolve.

Multiple Repositories: The existence of multiple repositories within Ericsson, with
varying levels of requirements in them, has presented challenges in achieving com-
plete mapping between the repositories. Despite this, Interviewee § has indicated
that the need for full mapping is not essential, stating that

“..we don’t really have the need for having 100% mapping everywhere.” - Interviewee
8

However, usability issues have been reported when transitioning between repos-
itories, as they operate using different ways of working, resulting in a lack of consis-
tency in the user experience.

5.2.4 Collaboration & Accessibility

T-Reqgs is a tool designed to facilitate collaboration and enhance efficiency in the
realm of requirements management. One of its main advantages is the ease with
which requirements can be peer-reviewed, akin to code review, owing to its storage
method and the accessibility it provides to all team members. This widespread
accessibility ensures that development teams can readily familiarize themselves with
product specifications, resulting in more streamlined development processes. At
Ericsson, the tool used for peer review is Gerrit which integrates nicely with Git. A
reviewing tool like Gerrit, which is integrated into the normal ways of working of
the users, has been deemed necessary for T-Reqs’s success. Interviewee 14 stated
that the tool facilitates discussion about requirements between the team and the
General System Manager. They would then bring up T-Reqs Web to show and
discuss requirements. Another feature praised for the same reason is the ability to
link requirements in e-mails which simplifies the discussion about requirements in a
distributed workplace.

The transparency afforded by T-Reqs enables users to track changes and iden-
tify the responsible party, thereby supporting agile methodologies. Furthermore,
testers can work directly within the repository to update traces between tests and
requirements. Utilizing a version control system for document handling allows mul-
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tiple users to collaborate on the same document simultaneously, eliminating the
need to reserve and check out documents for edit.

T-Regs has been described by the interviewees as the best tool for collabo-
ration when compared to Rational RequisitePro and Rhapsody, mostly due to the
review cycle in Gerrit, which is similar to normal code reviews. When Rational Req-
uisitePro was used, they sent Word documents in e-mails describing the updates, but
nowadays, it would be somewhat easier with modern Word collaboration features.

In summary, T-Reqs offers a robust platform for efficient requirements man-
agement that promotes collaboration, transparency, and accessibility. This sets it
apart from its predecessors, which had a limited number of licenses and, therefore,
a limited number of users with access to the tool.

5.2.5 Practical Observations of T-Reqs in Use

Some aspects observed from the interviewees may not be directly linked to T-Reqs
but affect its performance. This is mostly connected to the ways of working and
culture at Ericsson.

Collaboration Between the General System Manager € the Team System Manager:
Before the implementation of T-Reqs, Ericsson had identified the General System
Managers as a bottleneck in product development, and with T-Reqs, they sought
to bring requirements closer to the team to alleviate some of the workloads. Much
pressure still lies on the General System Managers, and many do not want to spend
time learning a new requirements engineering tool. As mentioned earlier, the re-
quired competence to quickly get into T-Reqs may also be lacking, especially for
General System Managers who have not recently held a developer role. Due to
the General System Managers’ lack of time and, thereby, competence, requirements
management is more or less exercised by the team, specifically by the Team System
Manager, who has the role of updating requirements in T-Reqs. The problem that
has arisen is that there are inconsistencies in what is passed down from the Gen-
eral System Manager to the Team System Manager, as highlighted in the following
statement by Interviewee 3,

“I thought it would be like we would have some like high level requirements to start
with and then maybe we, me as a team SM with the team would kind of make more
detailed requirements based on that. But usually when we started a feature there was
nothing and so we had to kind of write it from scratch” - Interviewee 3

As opposed to the statement above, other Team System Managers expressed
that they had General System Managers that gave them high-level requirements
to start with or a requirements structure to fill in. The level of detail and struc-
ture provided by General System Managers to their teams varies depending on the
individual and the context. One participant that is currently working as a Team
System Manager described the requirement handling as a struggle due to the lack
of guidance from the General System Manager. Several interviewees expressed that
the ideal would be for the General System Manager to hand down high-level re-
quirements to the Team System Manager and the team, but they recognize that the
General System Managers are too busy. Therefore there is an overarching theme
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among the participants that handing down the feature study (PowerPoint) is good
enough. Some participants even say that it is the desired way of working as handing
down high-level requirements in T-Reqs leads to bloating as they will unnecessarily
reside in the repository.

The transfer of information from the General System Manager to the Team
System Manager lacks clear guidelines, leading to potential issues. This was illus-
trated in the following remark,

“It’s easy to think that somebody else should do it. We can leave this to the team. And
then the team think, ah, we got too few, too little inputs for our work. Why didn’t you
do this before?” - Interviewee 2

Regardless of who takes the lead, the requirements must be in place prior to
development, which has been proven to not be the most common outcome as mul-
tiple interviewees narrate their experiences where requirements are pushed later in
the feature development. Ultimately, it is the responsibility of the General System
Manager to ensure the quality of requirements. Failure to collaborate effectively in
this area can result in scope cuts, highlighting the importance of a clear understand-
ing and process for information transfer between the General System Manager and
the team.

Quality: When asked about what impacts the quality of requirements more of the
processes or the tool, Interviewee 5 emphasized the importance of processes and
the competence of individuals involved. This sentiment was reiterated by several
interviewees, mentioning the importance of guidelines and how the tool is a clean
slate, especially tools with a high degree of freedom. As requirements in T-Reqs
are written in a free form in a text file, anything can be written, and as guidelines
regarding how to define a requirement have been lacking to guide the users, the
quality of the requirements has not been consistent. For example, one employee
expressed how it was challenging to know how much to write, and initially, they
wrote too much in each requirement. They had later been told that each requirement
should be singly validated by a test case since if the requirement is only partly
covered by a test case, it leads to ambiguity and validation problems. In another
case, it was mentioned that the guidelines indicate that some requirements need to be
in place before the development starts, but not the level of detail needed. In the past,
the inconsistencies of the level of detail written in requirements were also proven to
be a problem as it led to chaotic management and resulted in people not wanting
to update requirements in T-Regs. It is said this was due to an organizational
restructure and ramp-up during a new product development where a lot of new
teams were formed. The teams got more responsibility for the requirements but did
not have the right competencies to manage them. In Rhapsody, a similar occurrence
took place where requirements were too detailed and got too hard to maintain.
Together with the low pressure of updating requirements from the organization,
people stopped updating requirements, and requirement debt built up. After an
incident where a product failure happened due to this, more pressure was put on
proper requirements handling.

How to specify a child requirement, what to put in the attributes, and how to
write good requirements have also been unclear. Thus far, the de facto approach has
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been to emulate older requirements or ask other employees to upkeep the quality of
requirements. Even the General System Managers do not always know the latest
way of working or have misconceptions themselves, which has led to contradictory
answers. Guidelines and templates are being formed at Ericsson to show clarity
and completeness regarding writing requirements and also support the process of
reviewing requirements. It is emphasized strongly by multiple participants that
clear guidelines and education have to be available for a successful adoption of a
requirements engineering tool.

Spending Time on the Requirements: Requirements are not artifacts that are to be
delivered to the customer, and therefore they are sometimes overlooked, especially
in an agile environment where flexibility and customer collaboration are prioritized
over documentation and systematization. Previously, Ericsson used requirements as
a contract to the customer of what would be developed, and the description of the
product would be written separately after development. This approach was time-
consuming and not suitable for a large-scale agile way of working. The development
time was being squeezed, and consequently, the requirements were being written
as late as possible. In addition, Ericsson lacked structure for systematization, and
requirements were being ignored due to tight deadlines, which led to scope cuts and
requirement debt. It is expressed by Interviewee 7 that there has to be a balance
for the amount of systematization, which must not be too rigid or too loose. In
the end, spending time on requirements early will shorten the development time
as developers will know what to write and test while also not creating requirement
debt. Currently, Ericsson has opted for a combination where the organization works
in accordance with a plan-driven model, but the development teams work agile. This
combination seems to cause confusion as participants have expressed a lack of clarity
as to when to write requirements. The consensus among the interviewees was that
having requirements written before starting the development is easier. However,
that is not in accordance with agile practices. T-Reqs is not seen as an obstacle
to work agile, but rather it’s the way of working, e.g., when to write requirements
and how to write good requirements and the competences of the people working
with the tool, as expressed by Interviewee 5. It was also said by Interviewee 9 that
T-Regs facilitates an incremental work process due to the seamless integration in
the review process, which makes it easier to work agile than other tools used by
them. However, Interviewee 13 stated that the review feedback by the responsible
General System Manager needs to be delivered faster to fully work agile with the
requirements.

On a team level, opinions differ from team to team if they prefer a more plan-
driven or agile approach. Some teams favor establishing a set of early requirements
as a formal agreement of what to develop rather than a description of the imple-
mentation written post-development. Requirement meetings within the teams have
also revealed uncertainty regarding the desired functionalities, thereby underscoring
the importance of initiating the requirement writing process early. However, other
teams feel restricted by too many requirements and do not deem it necessary to
operate with formal requirements present. Team System Managers have expressed
their role as the sole team member who emphasizes the requirement management
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work within the team, and at times, they perceive a lack of involvement from others
who may question the time invested in requirements-related activities. Additionally,
the challenge lies in motivating the allocation of time towards requirements since
they may not be directly delivered to the customer.

In general, among the interviewees, it is seen as a problem if the requirements
are formed too late in the development process. Due to the general outlook on
requirements, T-Reqs might not reach its full potential with its ability to accommo-
date access to the requirements for all members of the team. Despite this, having
a limited amount of people responsible for the requirements might be beneficial, as
remarked by one interviewee,

| “Too many cooks spoil the broth.” - Interviewee 4

5.2.6 Results from the Survey

The survey served as a means to verify the identified advantages and disadvantages
of T-Reqs, which were derived from the insights gathered during the interviews
with individual subjects. The participants were asked to provide their agreement
or disagreement with these identified aspects. The results of this validation process
are summarized in Figure 5.7 (advantages) and Figure 5.9 (disadvantages), display-
ing the level of agreement among the survey respondents regarding the reported
advantages and disadvantages of T-Regs.

Furthermore, the participants were given the opportunity to prioritize these
aspects by selecting the main advantages and disadvantages of T-Reqs. Figures
5.8 (advantages) and 5.10 (disadvantages) present the prioritized topics based on
the participants’ selections, offering a clearer understanding of the key perceived
advantages and disadvantages of T-Reqs according to the survey respondents. All
participants of the survey answered every question presented below.

The survey results revealed strong support for several advantages of T-Reqgs.
Firstly, participants agreed that it is beneficial for them that T-Reqs is integrated
into the development environment, indicating that the tool seamlessly integrates
with their existing workflow. One outlier (Respondent 1) disagreed that it is an
advantage for them. Similarly, respondents strongly agreed with the advantage of
T-Reqs being reliant upon standard IT technology, such as Git and Linux, which
further contributes to its compatibility and ease of adoption. Again one outlier
(Respondent 1) remained neutral to the choice.

Participants also expressed agreement that T-Reqs avoids unnecessary fea-
tures, emphasizing its focus on providing essential functionalities without unneces-
sary complexity. Furthermore, respondents recognized T-Reqs’ ability to dynami-
cally render an HTML preview of the Markdown document, enabling convenient and
real-time visualization. The majority, i.e., seven respondents, strongly agreed to
this statement, while two respondents expressed agreement and one maintained a
neutral stance.

The survey results also highlighted the advantages of T-Reqs in terms of syn-
chronization with code and test cases, tracing, version control, baselining, and au-
tomated test reporting. Participants agreed that T-Reqs facilitates these aspects,
enabling efficient management and maintenance of requirements throughout the de-
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10. For me, it's an advantage that T-Regs...

M Strongly disagree M Disagree M Neutral M Agree M Strongly agree

..is integrated in the development environment

..is built upon standard IT technology (.g. git, Linux)

..doesn't contain unnecessary features

..can dynamically render an HTML preview of the
document

..has a lower cost than licensing tools

..is developed in-house which enables improvements
of the tool via change requests

..enables easy synchronization with code and test
cases (keeping requirements release ready)

..enables easy tracing

..enables easy version control

..enables easy baselining

..enables automated test reporting

..allows multiple users to have access to the
requirements (as opposed to limited amount of licenses)

..enables simultaneous update of
requirements/source code/tests

..enables change tracking in Git to see who changed
what

..reduce fear of making mistakes/losing work by
being integrated with Git

..integrates with the review process (Gerrit)

...allows for easy access to information regarding the
requirements

..has a high degree of freedom (low restriction of
what to write in a requirement)

..allows multiple users to work on the same
requirements artefacts simultaneously

100%

W | don't know

0% 100%

Figure 5.7: Diverging stacked bar chart displaying the responses to Question 10

in the survey related to advantages of T-Reqs
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velopment process.

Moreover, respondents appreciate the collaborative nature of T-Reqs, as it al-
lows multiple users to access the requirements, as opposed to having a limited number
of user licenses. Eight participants strongly agreed with this statement, and the rest
agreed. The same distribution was recorded for the advantage of change tracking in
Giit to see who changed what. Being integrated into the review process in Gerrit also
had positive results, with six persons strongly agreeing to its advantage and three
agreeing. Finally, respondents appreciate that T-Reqs allows multiple users to have
simultaneous access to the requirements and work on the same artifacts with the
majority agreeing or strongly agreeing, one person being neutral, i.e., Respondent 6.

Regarding cost, participants held a neutral stance, with two respondents be-
ing unsure of the advantages and the rest being spread across neutral, agree, and
strongly agree. However, respondents acknowledged that T-Reqs, being developed
in-house, allows for improvements of the tool via change requests. Respondent 3 did
not agree to this being an advantage for them.

The majority of the participants agreed or strongly agreed that T-Reqs’ ability
to enable simultaneous updates of requirements, source code, and tests was a sub-
stantial advantage. Respondent 1 strongly disagreed with this sentiment. Likewise,
T-Reqs’ reduced fear of making mistakes or losing work as a result of integration with
Git was viewed favorably by the respondents. All of the participants either agreed
or strongly agreed that this feature was an advantage, underscoring the importance
of reliability and assurance in tool use to support its usability. Fasy access to infor-
mation regarding requirements was another aspect that the majority of respondents
agreed upon.

Moreover, T-Reqs’ high degree of freedom, allowing low restriction on what
to write in a requirement, received generally positive responses. While there was
one outlier (Respondent 4) who disagreed and one who remained neutral (Respon-
dent 8), most participants either agreed or strongly agreed that this feature was
advantageous, illustrating the appreciation for flexibility in the tool.

By picking the most important features of the perceived advantages, we can
conclude a consensus of what the participants consider to be the most important
features of the tool. The results are available in Figure 5.8. All participants except
one (Respondent 9) agreed that the real-time rendering of the Markdown to HTML
is one of the most important features. The second most picked aspect, with seven
respondents, is that T-Reqs allows multiple users to have access to the requirement
and is not restricted by a limited number of licenses. Subsequently, the following two
aspects garnered six selections each: that T-Reqs is integrated into the development
environment and that it is integrated into the review process in Gerrit. This was
followed by easy version control and enabling multiple users to work on the same
artifacts simultaneously that each got chosen five times. The aspects that were
selected the least were the lower cost of the tool compared to the previous tooling
and easy baselining, indicating that despite the majority considering these aspects
as advantages, they are not the most important aspects of the tool.

The survey unveiled several potential concerns among users of T-Reqs, which
are presented in Figure 5.9. First, there was a tendency among participants to agree
that the lack of visualization for the connections between requirements constitutes
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Integrated in the development
environment

Built upon standard IT technology
No unnecessary features
Can dynamically render an HTML

preview

Lower cost of the tool compared
to licensing tools

Improvements of the tool via
change requests

Easy synchronization with code
and test cases

Easy tracing

Easy version control

Easy baselining

Enables automated test reporting

Allows multiple users to have
access to the requirements

Allows multiple users to work on
the requirements simultaneously

Easy to simultaneously update of
requiremen‘rs{'source code/test cases

Change tracking in git (who
changed what)

Reduced fear of making mistakes

Integration with the review
process

Easy access to information
regarding requirements

The high degree of freedom (low
restrictions of what to write in the
requirements)

Other
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12. Out of the following, which are the main advantages of T-Reqs

Figure 5.8: Multiple choice question from the survey for identifying the main

advantages of T-Reqs
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a disadvantage. This was one of the few topics in this question of the survey that
the respondents largely agreed upon, and notably, two respondents strongly agreed
with it. Only two individuals disagreed with this statement. Similarly, participants
were largely in agreement that creating layouts for diagrams in PlantUML presents
challenges. Although no participant strongly agreed with the statement, it was the
most agreed-upon statement among the other disadvantages, with six individuals
agreeing, one remaining neutral, and two persons disagreeing.

The high degree of freedom, which was seen as an advantage by some, was
viewed as a disadvantage by others, suggesting that this aspect may be a double-
edged sword, providing flexibility while leading to inconsistency and unpredictability.
The participants held strong opinions, primarily disagreeing with the notion that
there is a lack of guidelines regarding what to write in the requirements. However,
it is noteworthy that two respondents strongly agreed with the statement.

Participants expressed neutrality considering missing functionality from the
tool and that improvements and bug fizes take a long time to implement. Both
statements had a large group being neutral and the rest being roughly split between
agree and disagree. Another statement that was met with neutrality among the
participants was the concerns with T-Reqs not properly supporting multiple reposi-
tories, which could cause issues with mapping and different ways of working (WoW
in 5.9).

The requirement of filling in tags and attributes for the requirements did not
seem to be universally recognized as a significant disadvantage, with responses show-
ing disagreement with the statement. Two participants, however, do think this is
a problem. The majority of participants also disagreed when posed with the state-
ment that it’s a disadvantage that T-Reqs is reliant on standard IT technology like
Git/Linuz, integrated into the development environment, difficult to setup and diffi-
cult in regards to merge conflicts in Git. The first two statements, each having four
participants strongly disagreeing, four disagreeing, one person agreeing (Respondent
2), while the last remained neutral (Respondent 1). Regarding the distribution of
difficulties with tool setup, a similar pattern was observed. In the case of difficulties
with merge conflicts in Git, the majority disagreed, although it is worth noting that
three participants reported experiencing this problem.

Upon evaluating the most significant perceived disadvantages, a clearer pic-
ture of the participants’ concerns with T-Reqs emerges, the results being presented
in Figure 5.10. The most frequently selected main disadvantages include the lack
of visualization for connections between requirements, the difficulties managing mul-
tiple repositories, and create layouts in PlantUML with five selections each. The
tool’s high degree of freedom followed as second most frequently selected, with four
participants expressing this as a main advantage. It is notable that the statements
lack of guidelines and resolving merge conflicts in Git were largely disregarded as
disadvantages (refer to 5.9), but both were selected by two participants as the main
disadvantages. This indicates that few individuals struggle with merge conflicts and
lack of guidelines, but those who do think it greatly affects the use of T-Reqs. Five of
the proposed challenges were not picked at all, and one was added by a participant.
This statement read,
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11. For me, it's a disadvantage that T-Regs...

M Strongly disagree M Disagree M Neutral B Agree M Strongly agree B | don't know

..has a high degree of freedom (low restriction of

what to write in a requirement)

misses certain fundionality _-
...is built upon standard IT technology (e.g. git, Linux) _l

..is integrated in the development environment _l
..requires the user to fill out tags and attributes _-
ool setup is difficult _l
...contains usability issues regarding PlantUML

layouting

..lacks visualization of how requirements are

connected

..improvements/bug fixes take a long time to

implement

...contains usability issues regarding resolving merge

conflicts in Git

..does nat praperly suppart multiple repositaries

(mapping & different WoW)

..lacks guidelines regarding what to write in the

requirements

100% 0%

100%|

Figure 5.9: Diverging stacked bar chart displaying the responses to Question 11

in the survey related to disadvantages of T-Reqs

61



5. Results

13. Out of the following, which are the main disadvantage of T-Reqgs

. The high degree of freedom (low 4
restriction of what to write in a
requirement

. Missing functionality 2
. Built upon standard IT technolo 0 5
. Integrated in the development 0
environment 4
. Filling out tags and attributes 0
3
. Tool setup 0
@ rlantUML layouting 5 2
. Lack of visualization of how 5
requirements are connected 1
. New functionality/bug fixes take 0 I
a long time to implement 0
. Resolving merge conflicts in Git 2
. Multiple repositories (mapping 5
& different WoW)
. Lack of guidelines regardingwh 2
what to write in the requirements
. Other 1

Figure 5.10: Multiple choice question from the survey for identifying the main
disadvantages of T-Reqs
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“Lack of tracking to higher-level requirements.” - Respondent 3

The participants were also asked to reflect on a set of contextual factors that
may impact the successful adoption of T-Reqs, beyond the tool’s intrinsic features.
These factors include the collaboration between General System Managers (gen SMs
in 5.11) and Team System Managers (team SMs in 5.11), the organizational culture
at Ericsson, the company’s continuous improvement of T-Reqs, and the assignment
of responsibilities for handling requirements. The results of this survey section are
presented in Figure 5.11. The majority of respondents agreed or strongly agreed that
the collaboration between General System Managers and Team System Managers
could indeed affect the quality of requirements, with only two individuals disagree-
ing, indicating a perception of the significant influence of teamwork on requirement
engineering. Similarly, there was substantial agreement among the respondents that
the organizational culture at Ericsson, particularly perceiving requirements as cum-
bersome, could potentially impact the timing of when requirements are written.

14. What is your sentiment towards the following statements?

B Strongly disagree M Disagree M Neutral B Agree M Strongly agree B 1 don't know

The collaboration between gen SMs and team/team
SMs is an issue/can affect the quality of requirements
The culture around perceiving requirements as
cumbersome is an issue/can affect when
requirements are being written

T-Reqgs's disadvantages are not critical as Ericsson
continuously improves the tool

It is an advantage to let the teams handle the
requirements, i.e. to push the responsibility of the

requirements to the teams 100% 0% 100%

Figure 5.11: Diverging stacked bar chart displaying the responses to Question 14
in the survey for the contextual factors of T-Reqs’s success.

Half of the participants took a neutral stance to the sentiment that the contin-
uous improvement of T-Reqs at Ericsson mitigates some of the tool’s shortcomings.
The other half agreed or strongly agreed. This sentiment underlines the importance
of ongoing tool refinement processes within the organization and aligns with the
recognized advantage that T-Reqs, being developed in-house, allows for continuous
improvements of the tool.

Responses were more diverse when asked whether it was advantageous to let
the teams handle the requirements. This variation could reflect differing views on
the distribution of responsibilities within the teams and the perceived benefits and
challenges of this practice.

Figure 5.12 depicts the results obtained when participants were asked about
factors influencing the quality of requirements. Respondents were divided between
the requirement engineering tool with two votes, the way of working (WoW in Figure
5.12) with four votes, and the option of both with four votes. This demonstrates
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15. What affects the quality of requirements more

. The requirement engineering tool 2
® The wow 4
® Both 4
. Neither 0

Figure 5.12: Pie chart illustrating the distribution of responses for Question 15 in
the survey concerning what affects the quality of requirements

16. To what extent do you agree with the sentiment in the statement provided?

The more it is the teams’ responsibility to update the requirements, the better it is
that the requirements are stored in the repository. But if it's the Gen SM's
responsibility who otherwise never touch the repository, then | wouldn't say that
they have the same benéefits of the tool as we have. So from an organization point of
view, it really comes down to who is working with the requirements and creating
them if it's good a benefit with T-Regs or not.

M Strongly disagree W Disagree W Neutral B Agree M Strongly agree M Idon't know

100% 0% 100%

Figure 5.13: Diverging stacked bar chart displaying the responses to Question 16
in the survey regarding whether T-Reqs’ success is connected to its architecture in
relation to whose responsibility it is of handling the requirements

the recognition of multiple interdependent factors that contribute to the quality of
requirements rather than attributing it solely to the tool or the method of work.
Lastly, respondents were asked to express their agreement or disagreement
with a statement regarding the connection between the responsibility of updating
requirements and the benefits of storing these requirements in a repository. The
statement is based on a remark from one of the interview participants and can be
viewed in Figure 5.13. Responses varied significantly, ranging from strongly disagree
to strongly agree. This divergence might reflect the complexity of this issue, which
appears to be contingent on various situational factors within the organization.
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Overall, the survey results verified the positive perceptions of T-Reqs and its
various advantages that were gathered during the interviews, while the disadvantages
were largely disagreed upon. Further discussion and analysis of these results are
presented in the Discussion, Chapter 6.

5.3 RQ3 (Characteristics)

What characterizes tools such as T-Reqs in contrast with more traditional require-
ments tools?

e B

The main characteristics of the tool noted by the interviewees and respon-
dents of the survey were that the tool is connected to version control and
integrated into each products’ repository, provides ease of use as it uses tech-
nology familiar to developers, and resides in the development environment,
and is text-file-based.

The difference between a feature and a characteristic is that a feature describes an
important or interesting part of an aspect, while a characteristic describes a unique
quality or trait of an aspect. Since some interviewees were unfamiliar with any
requirements engineering tools except T-Reqs, they were instead asked to list what
they considered to be the tool’s key features. However, some of the characteristics
the more experienced interviewees mentioned could not be considered unique to T-
Reqs. Thus, they were classified as key features instead, i.e., as they were mentioned
due to importance relating to the tool’s functionality.

5.3.1 Characteristics Described by More Experienced Inter-
viewees

The characteristics of T-Reqs, i.e., unique features, as identified by the interviewees
who had previous experience with other requirements tools, are as follows:

Connected to Version Control: The majority of the interviewees mentioned the
tool being integrated with version control as well as integrated into each products’
repository as its characteristic and the main thing that sets it apart from previous
tools. The absence of version control in the previous tools, which resulted in manual
baselining, has thus been rectified and enables going back to previous versions of
the product.

As most developers are familiar with using version control, it takes away their
fear of losing work and also enables them to always work in the same environment,
i.e., to not have to switch between the tools. Since it is connected to version control,
it also facilitates work with other tools, such as Gerrit, for reviews and collaboration.

Fase of Use: As T-Regs is built on standard IT technology that most developers

are familiar with, i.e., Git, Linux, Markdown files, and UML diagrams, the tool can
be characterized as easy to use. Especially since developers can stay in the same
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environment while developing the product and writing requirements. Familiarizing
yourself with the tool is then also made easier, as one interviewee stated,

“..a fairly small set of rules to kind of understand how it is and then you can start
writing your requirement documentation.” - Interviewee 9

Additionally, since requirements are written as human-readable text, i.e., in
Markdown files and using XML tags, it facilitates both writing and reading the
requirements. This is contrary to the case in Rhapsody, as the diagrams could be
outputted in documents as text which was, however, not human-readable. Fur-
thermore, the storage of requirements in text files enables powerful modifications
through a wide range of readily available tools.

Developed In-House: While not mentioned by all interviewees, most interviewees
were positive towards the tool being developed in-house. By developing the tool
in-house, there is more flexibility in adding and changing functionality than when
companies use licensing tools, where requesting changes can be more challenging.

Bundle of Open-Source Tools: An interviewee described the tool as being a lightweight
tool that includes a set of scripts and plugins,

| “..small concepts, small tools or utilities and you [..] knit it together...” - Interviewee 7

Additionally, T-Reqs was described as being a tight integration of a bundle of
open-source tools, i.e., PlantUML, Git, and Gerrit, but being a blank canvas and
thus offering a lot of freedom. This has, however, created some ambiguities as to
where the boundaries of T-Reqs lie.

5.3.2 Key Features Described by More Experienced Inter-
viewees

The key features of T-Reqs, as identified by the interviewees with prior experience
with other requirements engineering tools, are as follows:

Different User Interfaces: T-Reqs offers different user interfaces or viewers, e.g.,
T-Regs Web, T-Reqgs Viewer and a plugin for the editors Eclipse and Visual Studio
Code, mentioned in Section 3.2. The view most mentioned by the interviewees was
the plugin for the editors. The plugin provides preview windows for the output doc-
uments, i.e., where the formatted result of the T-Reqs XML tags and the PlantUML
in the Markdown files is displayed as HTML. The importance of T-Reqs Web was
also mentioned, as was illustrated by one interviewee in the following remark,

“..we’ve got the web-based interface which is very good, that’s what I'm always using
that’s very easy to use [...]. Without that it would have been a problem, I think.” -
Interviewee 11

Displaying different views is, however, also a feature in traditional require-
ments engineering tools. As an example, RequisitePro offered both a table view and
a document view. In addition, the tool also had a Word plugin.
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Import € Ezport: One interviewee mentioned the importance of being able to im-
port and export data from the tool, as the previous requirements data was imported
from the previous systems that Ericsson had been using. Exporting the require-
ments documents as Excel and PDF documents is also possible. However, most
requirements engineering tools offer these functionalities as well.

Traceability: Traces between requirements and test cases were mentioned as one of
the more important features of the tool. This is, however, a main feature in the
traditional requirements engineering tools and is thus not unique to T-Regs.

Simple Automated Quality Checks: Automated quality checks were also mentioned
as a valuable feature. These checks provide feedback and indicate, for example,
whether the attributes associated with a requirement are not in order. The purpose
of these checks is to stop incorrect formatting from being pushed to a particular
branch. In T-Regs, this is done by using a Gerrit plugin in Jenkins, which returns
a score indicating whether the changes made have passed the quality check or not.

5.3.3 Key Features Described by Less Experienced Inter-
viewees

Due to some of the interviewees not having prior experience with other requirements
engineering tools than T-Reqs, they were asked to identify the tool’s key features
instead. They are as follows:

Traceability: The primary key feature mentioned by the interviewees was the trace
links from requirements to test cases. One interviewee remarked that,

“..it should serve the purpose of [the tool].” - Interviewee 12

The traceability of the tool facilitates the validation of the requirements, i.e.,
confirming that a requirement has been covered by a test case or not. This is a
necessity as it can not be argued that a requirement has been implemented unless
it can be traced to a test case.

Lightweight & Fasy to Use: As a key feature of the tool, the less experienced inter-
viewees mentioned that the tool was lightweight and easy to use but not always as
easy to contribute to, i.e., due to inexperience with Git. One interviewee remarked
that the more elaborate user interface of the licensing tools was not to their liking
and that they liked simplicity instead, stating “the simpler, the better” (Interviewee
10). A description of the tool given during the interviews was that it is “developer
friendly” (Interviewee 3) as it is text-based, i.e., requirements are written inside of
XML tags, and the file types are Markdown. The interface, the search functionality
on the T-Reqs Web, and the rendering of Markdown documents to HTML previews
were also mentioned as contributing features to the tool’s usability.

Integration € Version Control: The integration of the tool into each products’ repos-
itory and, thus, the whole development environment was another key feature men-
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tioned. This facilitates the workflow due to Git version control being used to store
the requirements and code together. It makes it also easier to access the require-
ments.

Modeling: The fact that PlantUML is supported by the tool enables developers to
search and version control the UML diagrams constructed more easily. One partici-
pant stated that it was “a necessary evil” (Interviewee 5) and that perhaps a better
proprietary tool existed, but it would then not be standard IT.

Developed In-House: The tool being developed in-house was also mentioned by
the less experienced interviewees as an important feature of the tool, and thus it
is included in this section. The interviewees stated that by developing the tool
in-house, Ericsson could make the tool fit its environment better. Thus, offering
functionality that is the most suitable for each product.

5.3.4 Results from the Survey

The final purpose of the survey was to validate the identified characteristics and key
features that were mentioned by the participants during the interviews. This was
done by providing all the features mentioned from the interviews and requesting that
the respondent choose the ones that they considered to be the main characteristics
and the key features of T-Reqgs. Every respondent answered the questions posed.

Figure 5.14 displays how the respondents voted in terms of selecting the main
characteristics of T-Reqs. The options provided were in accordance with the inter-
view responses, that is, all features of the tool that the interviewees had identified
as its characteristics, despite some not being unique to T-Reqs. The reason why
we did not remove the features which were not unique was that we wanted to avoid
interfering with the data collection, i.e., we wanted to stay true to the opinions of
the participants. Thus, allowing us to confirm the findings from the interviews.

The main characteristics selected by the participants of the survey, each re-
ceiving six votes, were Connected to Version Control and Integrated into Product’s
Repository. The tool’s characteristic of being Text-File-Based received five votes.
Three characteristics received four votes, i.e., Developed In-House, Ease of Use, and
Simple Automated Quality Checks. It should be noted that some type of quality
management is present in other requirements engineering tools as well. However,
the checks that are performed can be classified as being unique to T-Reqs as they
validate the syntax of the requirement and whether certain attributes are present.
One participant only selected the option “Other” due to a lack of experience with
other requirements engineering tools.

In Figure 5.15, the responses from the participants can be seen indicating the
most valuable key features of the tool. The options provided are again in accordance
with the interview responses. Thus, this survey question aims to accurately confirm
those findings.

The key features selected by all participants except one was that the tool is
Connected to Version Control. The key feature with the second most votes, i.e.,
seven votes, was Integrated into the Product’s Repository. Five features are tied

68



5. Results

with four votes each, namely Fase of Use, Text-File-Based, Traceability, Lightweight
and Automated Test Reporting.

17. Which of the following would you consider to be the main characteristic(s) [unique
features] of T-Reqs compared to traditional requirements engineering tools?

. Connected to version control 6
. Developed in-house 4
. Different views and plugins 1 6
. Ease of use 4 5
. Text-file-based 5

4
. Traceability 2

3
. Import & export 0
. Simple automatic quality checks 4 -
. Integrated into product repository 6 1
. Automatic test reporting 3 5 I I
. Facilitates multiple simultaneous 3

users

. Other 1

Figure 5.14: Multiple choice question from the survey for identifying the main
characteristics of T-Regs
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18. Which of the following would you consider to be the key features [most valuable
features] of T-Reqs?

Connected to version control 9
Developed in-house 0
Different views and plugins 2
Ease of use 4 9
8
Text-file-based 4
E

Traceability 4

[=2]

Import & export 0

(%]

Simple automatic quality checks 3

Lightweight 4
Modelling 2
Integrated into product repository 7 0

Automatic test reporting 4

L L B

Facilitates multiple simultaneous 3
users

Other 0

Figure 5.15: Multiple choice question for identifying the key features of T-Reqs
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5.4 Results from the Workshop

The characteristic of T-Reqs that most resonated with the participants of the work-
shop was the strong connection that is formed between the requirements and the
code and test cases by storing them all together. Thus, the requirements are con-
nected to the development more closely and will, in turn, be an incentive to keep
them updated.

In terms of context regarding who is expected to use the tool, the participants
agreed it was not targeted towards personnel at a higher level in the development,
i.e., managers, and rather developers working with the code. This corresponds with
the goal of pushing the requirements’ responsibility down to the development teams.
This can, however, be problematic, as in Ericsson’s case, when the General System
Managers are still the artifacts responsible for the requirements documents. A so-
lution brought up to better accommodate the employees working with requirements
at a higher level and thus not necessarily possessing the technical knowledge to use
the tool was to offer them a different Graphical User Interface (GUI). This would, in
the case at Ericsson, be beneficial for the General System Managers if they wanted a
quick way to, for example, create or update a certain requirement. The reason this
has not been implemented at Ericsson is due to the edge cases that occur during
merge conflicts which they have not found an easy way to solve. The participant
from one of the automotive companies stated that they solved this conundrum us-
ing a different tool for high-level requirements than their more technical low-level
requirements.

One of the participants from Ericsson came from an organization that had not
yet implemented T-Reqs in their product domain. Instead, a centralized tool was
being used where only one person was capable of managing the requirements for
each release. Additionally, they mentioned that it was the custom of the team to do
the requirements before the development.

The Manufacturing company develops software and hardware and thus has
both software and system requirements. Currently, the software developers are using
a requirements engineering tool deemed the industry standard, but they greatly
dislike it and would instead want to use T-Reqs. T-Reqs is also particularly suitable
to them since they work with Markdown and PlantUML. Therefore, as stated by the
participant, if they were only developing software, they “would jump straight into
this” (Manufacturing Participant). The challenge, however, is that requirements are
company-wide, encompassing both software and hardware development, which differ
considerably. As such, T-Reqs as a tool would struggle to scale effectively across
the entire organization. There is also resistance towards Git version control as the
whole company’s development does not rely on it. The key takeaway from this case
context is that Ericsson managed to localize the requirements to each product which
is not currently possible at this company.
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Discussion

In this chapter, the interpretations of the results will be presented, as well as the
implications for research and the industry. Furthermore, we aim to extend the appli-
cability of our findings beyond the context of Ericsson by providing valuable advice
on key considerations in relation to requirements engineering tools. To conclude this
chapter, possible future work is discussed.

6.1 Interpretation of the Results

6.1.1 RQ1 (Expectations)

In order to give the context behind the goals and expectations of the tool, the con-
siderations and decisions Ericsson made were illustrated as these decisions are made
in order to meet a certain expectation of what the tool should do. The decisions
were that the tool should be connected to version control to reduce manual labor
that occurred in the previous tools, introduce a way to do modeling, have trace
links between requirements and test cases, integrate the tool into each products’
repository, offer interoperability with other systems, and allow multiple simulta-
neous users. The goals and expectations that Ericsson hoped to meet with these
decisions were that the tool should be easy to use as well as improve their ways of
working. More specifically, allow the company to scale-out, i.e., increase the num-
ber of development teams, have automated test reporting, facilitate collaboration,
pertain the structure, and have the master branch release ready. Identifying these
expectations made it possible to validate them from the interviewees’ responses,
and further verified in the follow-up survey. This study has shown that most of the
initial goals and expectations of T-Reqs have been met. In terms of the goals that
have not been fully met, the hindrance has not been the tool itself but rather the
lack of experience with Git version control among some employees at Ericsson on
the one hand and the long runtime of the test suite on the other hand.

During the initial stage of this case study, a literature review was conducted
partly in order to analyze the context in which T-Reqs operates. The review yielded
papers regarding challenges conducting requirements engineering in different agile
development contexts, which were discussed in Section 2.2.1 and Section 2.3. In one
of the aforementioned papers, Kasauli et al. [41] identified the requirements engi-
neering challenges in large-scale agile system development. Additionally, solutions
were suggested in order to mitigate these challenges. In accordance with these solu-
tions, the identified requirements engineering challenges are related to the decisions
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and goals from the results to RQ1 (Expectations) in Section 5.1 and displayed in
Figure 6.1.

As is illustrated in the figure, all except one of the challenges are fully or
in part mitigated by using version control and storing the requirements with the
code and test cases. That is, the challenge of managing experimental requirements
can be solved by using branches in Git. The challenges of updating requirements
and creating and maintaining trace links are also made easy with Git, as additions
and changes can be made compared to normal code, and each change is grouped
together in a Git commit. Access to tooling and requirements is also facilitated,
as standard IT technology, which is familiar to most developers, is employed, i.e.,
Git and Markdown files. Managing the requirements with the aid of version control
also makes it possible to use tools such as Gerrit to review changes being made and
add comments. This, in turn, enables to maintain consistent requirements quality
as well as planning validation and verification based on the requirements. That
is, since the requirements are stored with the test cases, and traces exist between
them, they will remain consistent, and a change in either of the items will result in
a need for a change in the other as well. The review process in Gerrit also makes it
possible to bridge the gap between the more plan-driven approaches on the system
level, i.e., where different feature studies are conducted, and the agile development
on the team level. Since the General System Manager is the artifact responsible,
they can be notified of any changes being made during the development process by
the team and view changes clearly in Gerrit and give feedback to the team as well.
In addition to version control assisting in creating and managing traces between
requirements and the test cases, scripts are also in place to validate the links that
have been added to the requirements documents, linking requirements to the test
cases.

By moving the responsibility of managing the requirements down to the teams,
the need for a tool to enable multiple simultaneous users is evident. This made it
less feasible to use the previous traditional requirements tools charging fees per
user. Expanding access to the tool and requirements also removes the bottleneck
which was present when General System Managers were tasked with managing the
requirements. Thus, this also mitigates the challenge of bridging the gap between
plan-driven and agile, i.e., the process goes smoother by eliminating bottlenecks.

The challenge of providing enough documentation to offer a sufficient under-
standing of a complex system can be mitigated by allowing developers to create
models of expected system behavior. In the case of T-Reqs, the models are created
with PlantUML, which can be integrated into the requirements documents.

The decisions made can also be related to the goals that were set for the new
tool, i.e., decisions are made with what Ericsson wanted to achieve in mind. The
decision of wanting to have version control integrated into the tool and thus decid-
ing to store the requirements with the code and test cases in Markdown files was to
facilitate ease of use. That is, using standard IT technology and allowing the devel-
opers to manage the requirements in the same environment as the development since
the tool is integrated into each product’s repository. It also facilitates collaboration
among the General and Team System Managers as Gerrit reviews can be utilized.
The decision behind where to store the requirements was also intended to enable
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the code and requirements to always be in sync and thus have the master branch
release ready at all times. The usability is increased further by allowing the creation
of UML diagrams to illustrate the intended behavior of a system. The decision to
have traces between requirements and test cases made it possible to achieve the
goal of offering automated test reporting in the tool with the help of scripts. With
the decision to move towards more agile ways of working and wanting to integrate
requirements management more with the development processes, Ericsson was able
to scale-out the company by introducing more development teams. Additionally,
the decisions made regarding the new ways of working were constructed with the
goal of wanting to pertain the structure of requirements processes in mind. That
is, requirements documentation and management should still be prioritized and not
lost despite moving towards a more agile development environment.

As the goals could be mapped onto the illustrated challenges through the
consideration and decisions made in regard to the implementation of the tool, it
further strengthens the tool’s value in this development environment. That is, by
achieving the initial goals and expectations, the tool is also mitigating some of the
challenges faced in large-scale agile system development. This study also, in turn,
confirmed that the suggested solutions posed by Kasauli et al. have successfully
mitigated, for the most part, these challenges in an industry context.

As illustrated in the case study performed by Bjarnason et al. [15], integrat-
ing requirements engineering processes into the development process mitigates the
challenge of communication issues occurring. That is, they note that the experience
is that when different roles within a company readily discuss requirements, a com-
mon understanding is reached. The results of this study further support this claim.
That is, according to the results from the interviews as well as the survey, T-Reqs
has facilitated collaboration between the General System Managers and the cross-
functional teams. However, in order to have accessible communication, all parties
must be willing to partake in the discussion and usage of the tool. Further, the right
people have to be notified at the right time.

In the empirical study by Ramesh et al. [16], the importance of managing re-
quirements change was emphasized, i.e., requirements must be susceptible to change
during the development process. As agile development is, at its core, iterative, the
notion of storing the requirements with the code and test cases in a version-controlled
environment thus ensures that change is expected to all artifacts in question. That
is, if the behavior of the code must be changed so must the test cases validating the
code and, thus, the requirements linked to those test cases. Therefore, every arti-
fact will be in sync at all times during development, and this feature is what T-Reqs
offers its users. However, it should be noted that this hinges on the requirements be-
ing, to some extent, written before the development starts. In the case at Ericsson,
interviewees noted that this was not always the case and mentioned occasions where
requirements were not written until towards the end of the development. Thus, it
is essential to establish guidelines for how the tool should be used in addition to the
functionalities that it offers.

From these results, it can be deduced that T-Reqs and tools such as T-Reqs
would offer value and facilitate managing requirements in large-scale agile system
development. However, each company needs to analyze its context and goals re-
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garding requirements engineering practices and select a tool based on those aspects.
Further considerations are given in Section 6.2 below.

6.1.2 RQ2 (Advantages and Disadvantages)

As we delved into the real-world application of T-Reqs, a compelling narrative
emerged from the interviews, survey, and workshop results. The users primarily
expressed satisfaction with T-Reqs and its overall functioning. It is worth noting,
however, that the feedback recurrently highlighted the room for improvement not
in the tool per se but in the surrounding processes.

T-Regs, being integrated into the development environment and employing
technology familiar to the users, emerged notably developer-friendly. This advan-
tage resonates with the statements from the previous studies on T-Reqs, highlighting
the familiarity aspects it provides for development teams [7], endorsing the inher-
ent value of leveraging pre-existing I'T technologies and fostering integration within
the development environment. The same study noted certain concerns with model
handling in T-Reqs, inviting future research. This matter is elaborated upon by
Liebel et al. [9] in their case study, wherein they explore effective approaches for in-
tegrating modeling within an agile environment. Our study adds further dimensions
to this narrative. We illuminate the complexities involved in model handling, with
the application of PlantUML emerging as a practical, albeit imperfect, solution.
What has been identified is that it is easy to manage models in T-Reqs due to their
text-based nature (PlantUML), thereby enabling version control. However, other
file types, such as images, are not to be appended beyond PlantUML diagrams as
these cannot be version controlled to the same extent. One area where PlantUML
falls somewhat short concerns user aspects, particularly in terms of creating lay-
outs, which can be challenging to achieve as desired. This trade-off, integrating the
modeling in the software development workflows, contra difficulties controlling the
diagram layouts, was also identified in the aforementioned paper by Liebel et al. [9].
Our respondents indicated that models were not of primary importance, they were
considered beneficial. The advantages of PlantUML appear to outweigh its disad-
vantages, and none of the participants could suggest an alternative to the current
modeling solution.

The users’ desire for refinements was mainly directed at optimizing these Plan-
tUML layouts but also enhancing the visualization of requirement connections. The
tool’s collaborative features, such as multi-user access and review processes, were
met with considerable appreciation. The same goes for the tracing abilities of T-
Regs.

Despite the generally positive feedback, several organizational areas of im-
provement were identified. There is a pressing need to establish clear guidelines,
especially for non-straightforward issues, in order to maintain the quality and con-
sistency of requirements. An example of such an issue is the level of detail in require-
ments, which recurred as a discussion topic. In Ericsson’s context, this pertains to
the level of detail in the artifacts transferred from the General System Manager to
the development team. Opinions varied regarding the optimal combination of arti-
facts to be handed over to the development team, which might include initial studies
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(presented in PowerPoints), structured documents for requirements, or high-level re-
quirements in T-Reqs. Some participants emphasized the need to limit high-level
requirements to avoid overwhelming the General System Managers with work and
to prevent an overpopulation of high-level requirements in the documents. Others,
however, preferred to ease the process of writing requirements for the team. The
level of detail in the requirement writing process by the team also necessitates ex-
plicit guidelines, as it has been mentioned that requirements have been written with
too much detail. Our study exposed a gap in clarity on the responsible entities,
appropriate timings, and content of requirements writing.

Furthermore, an important aspect for discussion is the potential challenge
posed by the lack of dedicated time for working on requirements, combined with the
prevailing perception that requirements are often redundant. This perception may
result in lower priority being assigned to requirements, causing their creation and
maintenance to be delayed and pushed further into the development process. In the
case of Ericsson, the responsibility for requirements was delegated to the team due
to the overload on General System Managers. However, the Team System Manager,
who holds the requirements perspective within the team, often perceives require-
ments as a secondary task in addition to their regular development responsibilities.
Reports indicate that requirements are frequently written towards the end of the
development cycle, with some participants disclosing that they have yet to experi-
ence a normal development cycle. Despite the majority of participants expressing
a preference for early requirement definition, it becomes evident that while require-
ments are desired, insufficient time is allocated for their realization. In this context,
the widespread access to T-Reqgs could inadvertently amplify the issue, given that
the responsibility for managing requirements could easily be passed on under the
assumption that someone else will handle it.

Ericsson employees have reported numerous occasions where requirements man-
agement was deprioritized for various reasons and consequently created requirements
debt. This corresponds to the findings of Heikkila et al. [10] of an increased amount
of technical debt after an agile transformation. Interestingly, this occurred both
during the period when Ericsson was using Rhapsody and in recent years after T-
Reqs was adopted. In these described situations, it was mostly Ericsson’s processes
that affected the deterioration of requirements management. This deterioration in
the first case was due to the discontinuation of Rhapsody when the requirements be-
came overly detailed, coupled with low pressure from management to update them.
In the second case, T-Reqs was used inconsistently during a certain period when
a new product needed to be developed quickly. The company entered a fast-paced
ramp-up phase with many new teams, which led to a low priority for requirements
management. This, unfortunately, led to a malfunction in the product as no re-
quirements existed for the implemented feature. These examples, which exhibit two
distinctly different requirements management tools, underscore the importance of
a structured requirements management process with clear guidelines. This is not
to diminish the tool’s relevance in the trajectory of the requirements engineering
process, as, for example, part of the downfall in using Rhapsody was due to the
time-consuming nature of updating requirements and the inherent nature of model-
ing tools not scaling well with complexity. However, it does highlight the notion that
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any tool can be mishandled. Rhapsody’s case also illustrates that the requirements
engineering tool’s usability aspects are critical for a consistent and sustainable re-
quirements engineering process. Thereto the time to complete a task in the tool and
the usefulness of the finished requirement.

To summarize, explicitly stating the who, what, and when aspects of writing
and updating requirements within guidelines and standard procedures is crucial for
establishing a sustainable requirements engineering process, utilizing the advantages
of using a requirements engineering tool in the first place. This sentiment is further
supported by Muhammad et al. [27] in their design science research, where guidelines
for defining a requirements strategy in an agile environment were established. The
paper stated that “..a requirements strategy should describe how requirements are
structured, how work is organized, and how [requirements engineering] is integrated
in the agile work and feature flow.” (p. 87).

6.1.3 RQ3 (Characteristics)

The main characteristics identified after the validations of the results in the survey
were that the tool is connected to version control, integrated into each products’
repository, and text-file-based. In addition to those characteristics, the tool being
easy to use, developed in-house, and having simple automated quality checks were
also highly ranked.

It can be debated whether the tool’s ability to perform simple automated
quality checks is a characteristic or a key feature. It is certain that the checks
that are performed can be classified as being unique to T-Reqs as they validate
the syntax of the requirement and whether certain attributes are present. However,
different quality management exists in other requirements engineering tools as well.
Additionally, the tool being developed in-house is specific to T-Regs and, thus, not a
characteristic of the other tools with which T-Reqs can be grouped. The remaining
identified characteristics, i.e., the ones that received the most and second most votes,
can be associated with T-Reqs and tools similar to T-Reqgs. That is, Doorstop is
described as a “requirements management tool that facilitates the storage of textual
requirements alongside source code in version control” [5]. An alternative to T-Reqs
and Doorstop is rmtoo, which is described as a “free and open source requirements
management tool” [44], which uses a command line interface and can be integrated
with version control systems. It is further stated that its benefit is that it resides in
the development environment. Thus, reaffirming that the identified characteristics
encompass the other tools in the class of tools which T-Reqs is grouped into.

As discussed regarding the topic of agile requirements engineering in Section
2.3, it can be challenging to discuss a topic without having established a universal
definition. Thus, to facilitate discussion regarding these emerging requirements en-
gineering tools, a formal definition is suggested with the identified characteristics
and descriptions of the tools above in mind.
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Definition 1. Text-based requirements management tool is a dis-
tributed, text-file-based requirements engineering tool for documenting and
managing requirements which are stored next to the code and test cases in
order to rely on version control for baselining and remaining in the same en-
vironment as the development process.

The categorization offered in the paper on Doorstop [4] could also be em-
ployed, i.e., to classify these tools as decentralized as opposed to the traditional
requirements engineering tools being centralized. However, as these tools offer mul-
tiple simultaneous users who can work independently, they can also be classified as
distributed.

6.2 Advice for a Broader Context

When it comes to implementing a requirements engineering tool in an organization,
several critical considerations need to be addressed. This advice section aims to
provide insights that go beyond Ericsson’s context based on the findings of this
study, especially the results of a cross-industry workshop. It is crucial to remember
that each company’s situation and needs are unique, and advice should be tailored
accordingly.

6.2.1 Understand the Organizational Context

The successful adoption of a requirements engineering tool largely depends on its
compatibility with the organizational context [28,31,32,34]. Various factors should
be carefully considered to ensure an optimal fit. These factors include the size of the
organization, the complexity of projects, the nature of requirements, and the level
of required collaboration can significantly influence the suitability of a tool. In some
cases, it may be beneficial to decentralize the requirements process and localize it
to each product, as Ericsson did, to cater to product-specific needs. However, this
might not be possible or desirable for all organizations.

6.2.2 Consider the Users

The potential user of the tool is a crucial consideration. That is, understanding the
technical proficiency of the users, their familiarity with the tool or technology used
in the tool, and their general work environment is critical. A tool should be selected
that is convenient and intuitive for the users and fits well within their existing work
ecosystem. For instance, if the tool is geared towards developers, like T-Regs, it
might alienate higher-level personnel. Offering different interfaces to accommodate
different user types, such as a graphical user interface for non-technical staff, might
be a good solution.
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6.2.3 Focus on Collaboration

In the era of agile and distributed development, collaboration plays a critical role in
requirements engineering. A tool that enables seamless collaboration, simultaneous
multi-user access, and an integrated review process can significantly enhance the
efficiency and effectiveness of requirements engineering.

6.2.4 Cost-Benefit Analysis

A comprehensive cost-benefit analysis is essential for making an informed decision
about the adoption of a requirements engineering tool. This analysis should con-
sider both the licensing costs of commercial tools and the costs associated with
developing and maintaining a bespoke tool. For smaller organizations or less com-
plex projects, the cost of dedicated tool development personnel may outweigh the
benefits. However, for larger organizations or more complex projects that have
experience in developing software tools, the flexibility and adaptability of a custom-
developed tool may justify the costs and, in the end, possibly be more cost-effective
than a licensed tool. There is also the option to choose one of the open-source tools
similar to T-Reqgs on the market, but modifications might be needed.

6.2.5 The Role of Guidelines

Adopting a flexible and unstructured tool offers numerous benefits, such as avoiding
time-consuming and frustrating processes and promoting agile ideologies by instilling
user empowerment. However, without clear guidelines, it can also lead to inconsis-
tencies and quality issues. Thus, when adopting such a tool, organizations should
ensure clear and exhaustive guidelines for requirement writing and management.

6.2.6 Final Advice

It is important to remember that the success of a tool does not solely depend on its
features and capabilities. A supportive organizational culture, clear guidelines, and
effective collaboration are equally important for successful requirements engineering.
These human and organizational aspects should be given equal attention to the
technical aspects of the tool. Thus, the choice of a requirements engineering tool
should not only align with the organizational needs but also contribute to fostering
a positive and productive work environment.

6.3 Implications for Research and the Industry

The research conducted situates T-Reqs within a broader, more detailed context.
It verifies previous findings and complements them with a user-centric analysis,
enriching the discussion on tooling in agile development and providing an extensive
view of a tool and its users in a specific context. These real, unabstracted details
allow readers to extrapolate lessons applicable to their respective contexts, aside
from the insights and advice that are given.
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6.3.1 Research

This in-depth case study contributes to the research community in the area of re-
quirements engineering in large-scale agile development. In addition, the study
contributes to the current research on text-based requirements engineering tools,
which is currently scarce compared to traditional requirements engineering tools.
Moreover, it provides an exploration of an alternative to traditional requirements
engineering tools, specifically in large-scale agile system development. It builds upon
the previous research of challenges regarding both the development context and ag-
ile requirements engineering by confirming the possible mitigation of them by using
tools such as T-Reqgs. As it can be challenging to discuss a certain term or topic
without a universal and formal definition, e.g., as has been mentioned regarding
agile requirements engineering, a formal definition of tools such as T-Reqs will fa-
cilitate the discussion regarding these requirements engineering tools in a scientific
manner.

6.3.2 Industry

The results of this case study and the advice given for a broader context (in Section
6.2) provide practitioners an insight into possible alternatives to traditional require-
ments engineering tools. That is, facilitating the selection process for companies
by illustrating in which context tools such as T-Reqs can be applicable and thus
determining whether they are suitable in their company context.

When a company is in the process of selecting a tool, it’s beneficial to under-
stand the context in detail, especially if the context is similar to that of the company;,
but not necessarily. Therefore, abstracting irrelevant details and extracting lessons
that fit the reader’s context is crucial to understanding problems and their solutions,
in this case, selecting a requirements engineering tool.

Given the identified lack of research on text-based requirements engineering
tools, this study could be of great assistance even for companies not intending to
adopt T-Regs, simply due to the in-depth insights it can provide. For instance,
observing what users of a requirements management tool focus on when it comes
to various aspects of this type of tool, such as which functions are appreciated
or less appreciated and what is considered user-friendly, can be valuable. It also
makes it easier for people in the industry to reflect on requirements engineering tool
structures and design and how these appear to users, both through our analysis of
T-Regs and the other tools mentioned (e.g., Rational RequisitePro and Rhapsody).
The criteria list presented may not be extensive, but the truncated approach used
provides a good and objective overview of several different tools in use today (T-
Regs, Doorstop, Jama, DOORS). We have also unearthed more general insights
through this study, for instance, the importance of processes and considerations
in conjunction with the tool. As the study has been conducted in a real-world
environment by an impartial observer, the authors intend for the results to be of
great value in the area of requirements engineering and requirements engineering
tooling. Given that much of the information about requirements management tools
on the market is either biased, i.e., advertising from tool vendors, or presented in
impartial criteria lists that lack depth from a real-world environment.
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In this report, the use of T-Regs in a large-scale agile environment has been
accounted for. Furthermore, T-Reqs has been defined as a text-based requirements
management tool, coupled with a formal definition. Providing a definition for these
tools (e.g., T-Regs, Doorstop) makes them more visible as it brings to light their
differences from other tools. Merely having a way to talk about them can impact
the perception of these tools in the industry. In addition, we make them visible in
a very straightforward way by showing that they exist to practitioners who are not
familiar with these tools. Both aspects contribute to people making a more informed
decision about what kind of tool is needed in their context.

For Ericsson, this study provides additional perspectives. The main advantages
include a verification that it was worthwhile for Ericsson to develop T-Regs and to
continue supporting the tool, and that developing their own tools is an ongoing
option for the future. In addition, identifying shortcomings and improvements in
T-Reqgs can contribute to a better requirements management process at Ericsson.

6.4 Future Work

As this research has only focused on investigating one requirements engineering tool
at one company, the results illustrated could be used to compare how requirements
engineering tools are used at other companies in the industry today and additionally
try to draw conclusions of what tools are recommended for certain contexts. Fur-
ther, it could be analyzed how widespread these text-based requirements manage-
ment tools are or if traditional requirements engineering tools are still the industry
standard. Expanding on our advice, guidelines for how companies should introduce
a tool such as T-Reqs to their development and requirements engineering process
could also be beneficial.

Maintaining the consistent quality of requirements in different repositories is
a challenge, as noted in the interviews and the survey results. This also relates to
the challenge of mapping requirements between different repositories, more specifi-
cally between high-level requirements and low-level requirements. How exactly this
mapping is best implemented could be addressed in future research.
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Conclusion

In this study, we have endeavored to evaluate T-Reqs, a modern requirements en-
gineering tool, in its real-world implementation context. We have sought to answer
our research questions related to how well the tool’s performance matched the ex-
pectations before its implementation, its advantages and disadvantages observed in
practice, and the characteristics that differentiate it from traditional requirements
engineering tools.

The consideration and decisions before the tool’s implementation were iden-
tified, as well as initial goals and expectations towards the tool. This was done
in order to accurately answer the first research question regarding whether these
expectations have been met. The results illustrated that all goals were either fully
or partially achieved. Those expectations that were only partially met related to
usability, as some users lacked experience with using Git version control and the ex-
pectation of wanting the master branch always to be release ready, which is currently
not achievable due to an expensive test suite.

The investigation into the second research question yielded favorable responses
towards T-Reqs from its users, highlighting its integration with the development
environment, developer-friendly nature, and the tool’s collaborative features as ma-
jor advantages. The study also illuminated certain complexities and areas of im-
provement, including enhancing requirement connections’ visualization, optimizing
PlantUML layouts, and establishing clear guidelines for writing and updating re-
quirements.

In addition to identifying the advantages and disadvantages of the tool, the
characteristics of T-Reqs and tools similar to it were identified. This was in order
to illustrate what makes these tools unique and sets them apart from traditional
requirements engineering tools. These characteristics included the tools’ strong
connection to version control and closeness to code and test cases as well as be-
ing text-file based. A definition of this group of tools was also proposed, as well as
a name to refer to them by, i.e., text-based requirements management tools.

This case study not only provides valuable insights for research and the in-
dustry but also outlines potential future work. Future research could focus on com-
paring how requirements engineering tools are used across different companies or
investigating the adoption rate of these new tools versus traditional ones.

Our study concludes that the success of requirements engineering tools such
as T-Reqs is heavily dependent on numerous factors, including the tool’s features
and capabilities, the organizational context, and the guidelines set for its use. Thus,
organizations planning to adopt such tools should thoroughly evaluate their needs
and context to ensure an optimal fit.
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7. Conclusion

In conclusion, T-Reqs has demonstrated a successful implementation within
its specific context, providing many advantages over traditional requirements en-
gineering tools. Furthermore, it is a prime example of how modern requirements
engineering tools can facilitate the development process in large-scale agile envi-
ronments once their implementation is carefully tailored to the unique needs and
context of the organization.
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A

Interview Guide



INTRODUCTION

Hi, thank you for participating in this interview. We know that we have sent you previously some
information regarding the purpose of this interview but due to following the structure of the
standard interview process we would like to reiterate it.

We are Nora and Katarina and we are master’s students at Chalmers, studying Software
Engineering. We're currently working on our master’s thesis which entails conducting a case
study at Ericsson to evaluate T-Regs.

The purpose of this interview is to get a better understanding of how T-Regs is used in practice
and more specifically how you use T-Regs. We will now start with more general questions about
you and your role at Ericsson and then move towards questions relating to T-Reqs. The
interview is a semi-structured interview and thus we encourage you to speak as much as you
can regarding the questions we ask.

We would like to ask you if it is okay that we record this interview. The recording will only be
used for the purpose of this master’s thesis and will be erased after its transcription. The
answers that you give here today will be stored anonymously.

MAIN QUESTIONS

Background

- Tell us a little about your role at the company (main tasks and responsibilities)?
- How many years have you been working at Ericsson and how long have you
been working in your current role?
- What previous roles did you have and did they touch upon requirements
engineering or T-Reqs?

- Tell us about your experience with working with requirements tools in the past?
- Tell us more about the features of those tools.

RQ1: How well do the expectations of T-Reqs before its implementation, match with how
the tool performs today?

- Can you describe the expectations or goals you had for T-Reqgs before its
implementation (or before you started using it)?

- How has T-Regs performed in meeting those expectations or goals?



- How has it impacted your workflow?
- How has it impacted your decision-making process?

- Have there been any unexpected outcomes or issues/challenges that have arisen
since the implementation of T-Reqgs (that you know of)?

- How is your experience with working with T-Regs in terms of the collaboration
with the development team?
- Tell us more about how you use T-Regs in your agile development
processes.

RQ2: What advantages and disadvantages of T-Reqs can be observed in practice, in
relation to traditional requirement tools?

Tell us more about how you use T-Regs in practice.
- How often?
- When during your workday?

In your opinion, what are the main advantages of using T-Reqs?
- Compared to more traditional requirements tools?

- Conversely, what are some of the main disadvantages of using T-Reqs?
- Compared to traditional tools?

How do you think T-Reqs affects the quality or accuracy of requirements documentation?

RQ3: What characterizes tools such as T-Reqs in contrast with more traditional
requirements tools?

- Can you describe some of the key differences between T-Reqgs and the more
traditional requirements tools you have used?

- In your opinion, what do you think are the key features or functionalities of
T-Reqs?

- How do you think T-Reqgs has facilitated collaboration between different parties (SMs,
developers, testers) at the company?

- Do you think T-Reqs or tools like it will become more widely adopted in the future,
and if so, why?




CLOSING QUESTIONS AND STATEMENTS

Do you think there are any relevant aspects that we failed to touch upon?
Who else would you recommend that we interview?
Thank the interviewee for their time and valuable insights.
Explain the next steps in the research project:
- Ask permission to follow up with a survey.
- Ask permission to contact the interviewee about further questions or clarifications
of the responses given.

- Explain the timeline for dissemination of findings.

Thank them again.



Survey



Evaluation of Text-Based
Requirements Engineering Tools: An
In-depth case study at Ericsson

Your participation in this survey is entirely voluntary, and all responses will be kept strictly
confidential. Your individual responses will not be associated with your identity in any way.
The given estimation time for the completion of the survey is approximately 7 minutes. Your
input will be invaluable in evaluating T-Reqs and understanding challenges and usage of the
requirements engineering tool.

Your valuable perspectives will contribute directly to the success of this study and assist in
characterization of T-Reqs for the benefit of Ericsson and the requirement engineering
research community. We appreciate your time and willingness to participate in this
evaluation.

Should you have any questions or concerns, please do not hesitate to reach out to Audur
Katarina Theoddrsdéttir at audur.katarina.theodorsdottir@ericsson.com. Thank you in

advance for vour valuahle cantribution.

1. What's your current role at Ericsson?

O General system manager

O Team system manager

Q Other



2. Have you used a requirements engineering tool besides T-Reqs?

O Yes
O No

3. IT technology experience

Strongly Strongly
disagree Disagree Neutral Agree agree

I'm

comfortable

working with O O O O O
Git

I'm
comfortable
ki ith
e O 0 O 0 O
command
line

I'm
fortabl
e OO OO0 O
PlantUML



4. What is your sentiment towards the following statements?

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know
It is easy to
update
requirements O O O O O Q
in T-Reqs
Itis clear
when

i t
shoudbe O O O O O O
written in T-
Reqgs

It is clear
when

i t
chouldbe O O O O O O
updated in
T-Regs

It is clear

who should

write the Q O O O O Q
requirements

in T-Reqs

It is clear
who should

update the Q O O O O Q

requirements
in T-Reqs



5. What is your sentiment towards the following statements?

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know
It is easy to
search for
requirements Q O O O O Q
in T-Reqs
It is easy
enough to
find in which

release a Q O O O O O

requirement
was
implemented

It is easy

enough to go

back to a

certain

release and

see which Q O O O O Q
requirements

are

supported
there



6. What is your sentiment towards the following statements?

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know

Requirements

residing in

different O O O O O O
repositories is

a challenge

It is hard to
keep the
quality of
requirements
in your
product
domair O O O O O O
consistent
with the
requirements
in other
product
domains

Requirements

reviews help

with keeping

the quality of Q O O O O Q
the

requirements

consistent

| look at

previously

written

requirements

to make sure Q O O O O Q
requirements

are consistent

and of similar

quality



7. What is your sentiment towards the following statement?

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know
| believe T-
Reqgs
facilitates

collaboration

between gen

SM and

team/team <:> <:> <:> <:> <:> <:>
SM in regards

to writing

requirements

and their
management

8. Please elaborate on your answer to the above statement



9. What is your sentiment towards the following statements?

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know

It t
seltsu(:)a'?YReoqs Q O O O O Q

It is easy to

use T-Regs Q Q O Q O O

editor

It is easy to

use T-Reqs O O O O O O

Web

It is easy to

use T-Reqgs O O O O O O

Viewer

Using git for

version

control

reduces my Q O O O O Q
fear of losing

work






10. For me, it's an advantage that T-Regs...

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know

N
integrated in

the O O O O O O

development
environment

...is built

utpor(; dIT

standar

technology O O O O O O
(e.g. git,

Linux)

..doesn't
contain
unnecessary O O O O O O

features

..can
dynamically

render an

HTML o O O O O O
preview of

the

document

..has a lower
t th
ICESZnsinagn O O O O O Q

tools

..iS
developed in-
house which

ier:?)?(ge\/Zment O O O O O O

s of the tool
via change
requests

..enables
easy
synchronizati
on with code

and test O O O O O O

cases (keepin

9
requirements

release ready)

..enables M M M '\ M M



easy tracing

..enables
easy version
control

...enables
easy
baselining

..enables
automated
test reporting

...allows
multiple
users to have
access to the
requirements
(as opposed
to limited
amount of
licenses)

..enables sim
ultaneous
update of
requirements
/source
code/tests

...enables
change
tracking in
Git to see
who changed
what

...reduce fear
of making
mistakes/losi
ng work by
being
integrated
with Git

..integrates
with the
review
process
(Gerrit)

...allows for
easy access
to
information
regarding the
requirements






11. For me, it's a disadvantage that T-Regs...

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know

..has a high
degree of
freedom (low

restriction of O O O O O Q

what to write
ina
requirement)

...misses

certain O O O O O Q

functionality

...is built
upon

tandard IT

ey O O O O O O
(e.g. git,

Linux)

N
integrated in

the O O O O O O

development
environment

..requires the
user to fill out
tags and O O O O O Q

attributes

et o O O O O O O

...contains
usability

egarding Pla O O O O O O
ntUML
layouting

..lacks
visualization

rogqhuoixments O O O O O O

are
connected

..improveme
nts/bug fixes

take a long Q O O O O Q



time to
implement

...contains
usability
issues
regarding
resolving
merge
conflicts in
Git

..does not
properly
support
multiple
repositories
(mapping &
different
WoW)

..lacks
guidelines
regarding
what to write
in the
requirements






12. Out of the following, which are the main advantages of T-Reqgs

]

T e Y s e 1 s I A O O

Integrated in the development environment

Built upon standard IT technology (e.g. git, Linux)

No unnecessary features

Can dynamically render an HTML preview of the document

Lower cost of the tool compared to licensing tools

Improvements of the tool via change requests is possible due to in-house
development

Easy synchronization with code and test cases (keeping requirements release ready)

Easy tracing

Easy version control

Easy baselining

Enables automated test reporting

Allows multiple users to have access to the requirements (as opposed to limited
amount of licenses)

Allows multiple users to work on the same requirements artefacts simultaneously

Easy to simultaneously update requirements/source code/tests

Change tracking in git (who changed what)

Reduced fear of making mistakes/losing work

Integration with the review process (Gerrit)

Easy access to information regarding the requirements

The high degree of freedom (low restriction of what to write in a requirement)



13. Out of the following, which are the main disadvantage of T-Regs

L]
]

0 O 0000400400

The high degree of freedom (low restriction of what to write in a requirement)

Missing functionality

Built upon standard IT technology (e.g. git, Linux)

Integrated in the development environment

Filling out tags and attributes

Tool setup

PlantUML layouting

Lack of visualization of how requirements are connected

New functionality/bug fixes take a long time to implement

Resolving merge conflicts in Git

Multiple repositories (mapping & different WoW)

Lack of guidelines regarding what to write in the requirements

Other



14. What is your sentiment towards the following statements?

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know

The
collaboration

between gen
SMs and

team/team

SMs is an O O O O O O
issue/can

affect the

quality of

requirements

The culture
around
perceiving
requirements
as

icsuz;rr11bersome O O O O O O

issue/can
affect when
requirements
are being
written

T-Regs's

disadvantage

s are not

critical as

Ericsson Q O O O O Q
continuously

improves the
tool

Itis an
advantage to
let the teams
handle the
requirements,
i.e. to push Q O O O Q Q
the
responsibility
of the
requirements
to the teams



15.

16.

What affects the quality of requirements more

Q The requirement engineering tool

() The Wow

O Both
Q Neither

To what extent do you agree with the sentiment in the statement
provided?

The more it is the teams’ responsibility to update the requirements,
the better it is that the requirements are stored in the repository. But
if it's the Gen SM's responsibility who otherwise never touch the
repository, then | wouldn't say that they have the same benefits of the
tool as we have. So from an organization point of view, it really comes
down to who is working with the requirements and creating them if
it's good a benefit with T-Reqs or not.

Strongly Strongly | don't
disagree Disagree Neutral Agree agree know

O O O O O O



17. Which of the following would you consider to be the main
characteristic(s) [unique features] of T-Reqs compared to traditional
requirements engineering tools?

D Connected to version control

[

Developed in-house

Different views and plugins

Ease of use

Text-file-based

Traceability

Import & export

Simple automatic quality checks

Integrated into product repository

Automatic test reporting

Facilitates multiple simultaneous users

N 1 s I 1 A N A O

Other



18. Which of the following would you consider to be the key
features [most valuable features] of T-Reqs?

E\ Connected to version control
[:] Developed in-house

Different views and plugins
Ease of use

Text-file-based

Traceability

Import & export

Simple automatic quality checks
Lightweight

Modelling

Integrated into product repository
Automatic test reporting

Facilitates multiple simultaneous users

Other

N 1 Y e I N A

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

@8 Microsoft Forms



ChatGPT-4 prompt

Okay so we are evaluating T-Reqs as a requirements engineering tool, partly by conducting
interviews/survey/workshop but also by comparing the features of T-Reqs to other
requirements engineering tools. This is common practise in the industry and "criteria lists"
(lists of features that a requirements engineering tool can possess) are usually created to be
able to compare tools to the same standard. One paper merged different criteria list and
recommended a new one that is pasted below. Can you summarize this list to more

high level, important features of a requirement engineering tool?

| will send it in 6 messages, one for each high level area.

XXVI
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