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Abstract
Context : Delivering safety critical software solutions that are dependable, and
of high quality has been shown to depend heavily on ensuring standards compli-
ance in system development. Ensuring adherence to safety standards such as ISO
26262 demands precise documentation and traceability of all work products and
roles responsible throughout the entire design and development phase. The manual
verification of compliance against numerous requirements, including the scrutiny of
work products within process entities, presents significant challenges, such as labor
intensity and susceptibility to errors. This context emphasizes the critical need for
tools that can maintain detailed documentation of design choices, safety analyses,
verification and validation results, and changes over the product life cycle, ensuring
that all work products are traceable to requirements and justified as part of a safety
case.
Objective : This study aims to address these challenges by introducing an
approach that integrates the coordination capabilities of the BOMI Model with
the traceability and compliance checking functionalities of TReqs, focusing on the
identification and exploitation of the appropriate boundary objects(work products),
roles(responsible parties) required by a particular standard to achieve compliance.
The objective is to automate the compliance checking process, thereby reducing the
burden on process engineers and improving the accuracy of compliance verification.
Method : To tackle the inefficiencies of manual compliance checking, we in-
troduce an enhanced version of TReqs, a traceability tool, and Boundary Objects
between Methodological Islands(BOMI), a modeling approach designed to enhance
coordination in large scale agile system development. These tools are pivotal in
addressing the requirement for traceability as stipulated by ISO 26262, ensuring
that all work products are accounted for and verifiable throughout the development
lifecycle. The study employs a design science research approach, iterating through
the development and evaluation of tool enhancements through workshops, surveys,
focus groups, interviews, and literature reviews.
Results : This study successfully developed an enhanced version of the TReqs tool,
incorporating automated compliance check capabilities. This enhancement signifi-
cantly reduces the manual effort required for compliance verification, thus addressing
one of the primary challenges identified in the initial problem statement. The au-
tomated compliance check functionality was designed to interpret and evaluate the
compliance of work products against the requirements of ISO 26262, ensuring that
all aspects of the system under development adhere to the standard’s specifications.
This study also implemented the BOMI model within T-Reqs to improve coordina-
tion within the system development process. By defining clear boundary objects,
roles, and methodological islands (teams), the BOMI model facilitated a more struc-
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tured and efficient approach to managing the complex relationships between different
stakeholders and shared artifacts involved in the development process. This dual
focus on compliance check automation and coordination addresses key challenges
faced by large scale agile system development teams, enabling them to deliver high-
quality, compliant systems more efficiently and effectively.
Conclusion : The findings of this study highlight the critical role of automation
and improved coordination in addressing the challenges associated with ensuring
compliance to safety standards like ISO 26262 in system development. The intro-
duction of automated compliance check capabilities in the TReqs tool, along with
the implementation of the BOMI model for enhanced coordination, represents sig-
nificant advancements in the field of safety-critical software development.
These developments not only reduce the labor-intensive and error-prone aspects of
manual compliance verification but also improve the overall efficiency and reliability
of the development process. By automating compliance checks and streamlining
coordination efforts, the study demonstrates the potential for substantial improve-
ments in the delivery of dependable, high-quality safety-critical software solutions.
Looking forward, the next steps in this research direction could involve further re-
fining the automated compliance check algorithms to accommodate more nuanced
interpretations of ISO 26262 requirements. Additionally, exploring the integration
of these tools and processes with other safety standards could broaden their ap-
plicability and impact across different industries and domains. As the demand for
safety-critical software continues to grow, the lessons learned from this study will
undoubtedly play a crucial role in shaping the future of system development prac-
tices.

Keywords: TReqs, BOMI, Requirements Engineering (RE), ISO 26262, Agile,
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1
Introduction

Delivering safety critical software solutions that are dependable, and of high quality
has been shown to depend heavily on ensuring standards compliance in system
development initiatives.
Strict documentation and traceability of all work products throughout the design
and development lifecycle are necessary to comply with safety requirements such
as ISO 26262. The lifecycle’s work products support the system’s safety claims
by acting as direct, instantaneous proof that is necessary for the safety evaluation
procedure. To be more precise, ISO26262’s V-model’s left-side outputs such as
requirement specifications offer direct evidence, and the right-side outputs—such
as verification results offer immediate evidence [1]. Failure to properly manage
documents or proof can unintentionally increase risks to the compliance process [2].
Part 10 of the standard emphasizes that documents should be accurate, succinct,
logically structured, easily understood by intended users, and maintainable [3]. The
manual process of verifying compliance against the standard’s requirements, includ-
ing the detailed examination of work products within the project scope, introduces
substantial challenges such as high labor intensity and a higher risk of errors [4] .
Given the complex dynamics of change, particularly in geographically distributed
large-scale agile projects, as well as the need for effective documentation and coop-
erative teamwork, automated traceability between the standards-mandated require-
ments and the development artifacts generated becomes crucial [5]. With frequent
changes and the requirement for rapid adaptation, presents major challenges in
identifying and maintaining clear lines of accountability for developing and man-
aging work products that meet these standards. The challenge surrounds who is
responsible for specific work deliverables at any one time and what work deliver-
ables necessary for compliance have been fulfilled. This ambiguity might impede the
efficient management of documentation and evidence needed for safety assessments,
potentially increasing the risk of compliance failure.
Moreover, agile methodology’s emphasis on iterative development and continuous
improvement can promote these challenges. Teams often operate in overlapping
phases of the development life cycle, making it difficult to establish clear boundaries
for what constitutes "fulfilled" work products that meet the standard’s requirements.
This overlap can complicate the tracking and verification of compliance, as work
products may evolve or be redefined as new iterations progress.
In this study, we introduce an enhanced traceability tool [6] designed to address
the complexities of adhering to safety standards like ISO 26262, particularly in
the context of large-scale agile projects. This tool is focused on improving the
management of required work products by the standard, aiming to streamline the
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1. Introduction

process of documenting and tracing compliance with ISO 26262.
Our approach focuses on improving traceability between the requirements dictated
by standards, the development artifacts produced, the roles and teams involved in
the development process. Despite the limitations of our investigation, our findings
are generalizable to other parts of the ISO 26262 standard, making this work a
significant contribution towards the provision of an ISO 26262-compliant method-
ological approach for representing and shaping the crucial work products required
for safety case creation.

1.1 Purpose of Study
This study’s main objective is to address a significant issue that development teams
and process engineers encounter: the time-consuming compliance checking oper-
ations. We aim to identify the challenges, propose solutions and evaluate these
solutions through workshops with industry experts. We seek to implement an arti-
fact that will cater for the challenges faced during compliance check activities and
coordination in system development projects across globally dispersed teams.
This study was grounded in the Design Science Research methodology (DSR) through
which we explored the difficulties presented by compliance to ISO 26262. The find-
ings are anticipated to provide beneficial insights to both industry professionals and
researchers. By providing this tooling solution for automated compliance checking,
practitioners can effectively manage and trace all required work products necessary
to achieve compliance. Researchers can also learn about the challenges and pro-
posed solutions in compliance check activities while navigating and collaborating
with standards.

1.2 Problem Statement
The stakes are extremely high in the automotive business since even small mistakes
can have severe consequences. Modern cars are complicated and interconnected,
frequently incorporating sophisticated software and technology. As a result, any
deviation from strict safety regulations or poor quality control can have disastrous
results. The automotive industry needs flawless performance since mistakes might
result in accidents that cause property and human casualties to be lost. This elevated
risk environment emphasizes how vital it is to have thorough documentation, strict
quality controls, and strong traceability systems in place to guarantee that every
facet of vehicle development, manufacture, and design adheres to the strictest safety
regulations.
There are several challenges when manually verifying compliance against numerous
standards. The labor-intensive nature of this approach is among the most notable.
The process of carefully reviewing process entities to make sure that work products
exist that satisfy a set of requirements is always challenging because safety standards
are so complex in nature. Additionally, the complexity of collaboration across large-
scale agile teams introduces new hurdles. Coordinating efforts, sharing knowledge,
and ensuring consistency across teams become increasingly difficult as projects grow
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1. Introduction

in size and scope. This lack of cohesive collaboration can lead to inconsistencies in
compliance verification, potentially compromising safety standards.
Another significant challenge is the vulnerability to errors. Manual processes, by
their very nature, are prone to human error. Even minor mistakes in documentation
or oversight in the traceability of work products can have profound implications
for compliance. These errors might cause gaps in the information supporting the
system’s safety claims, which could risk its regulatory status and end-user safety.
Incorporating automated processes can enhance the efficiency and accuracy of com-
pliance checking, even in geographically dispersed teams. For instance, utilizing
software solutions that support traceability between requirements, test cases, test
results, code, and code reviews can streamline the process of ensuring that work
products adhere to the specified standards.

1.3 Research Questions
Goal: How can the T-Reqs tool effectively facilitate tracing to standards and sup-
port automated compliance checking in the context of large-scale agile systems en-
gineering?
RQ1. How can the integration of the BOMI metamodel within T-Reqs enhance
coordination and support compliance checking, and what role do boundary objects
play in this process?
RQ2. How can T-Reqs be optimized to automate compliance checking for ISO
26262 using BOMI, and what are the benefits of this approach?
RQ3. How effective is the use of T-Reqs and BOMI for automating compliance
checking for ISO 26262 in system projects, and what are the key factors that con-
tribute to their success or failure?

1.4 Scope
The study is specifically focused on enhancing the T-Reqs tool, a text-based, lightweight
requirements management solution, to better handle the complexities of coordina-
tion, compliance and traceability in software development projects [7] [8].

Integration with BOMI Metamodel: Our research aims to create a special-
ized TReqs Type and Traceability Information Model (TTIM), based on the BOMI
metamodel. This model will enable the effortless creation of uml diagrams that
depict the coordinational aspects of a system project from traceability data. [9].
Automated Compliance Checking: The study also explores the representation
of ISO standards in T-Reqs using Markdown to enable automated compliance check-
ing, aiming to streamline the process of ensuring adherence to critical standards like
ISO 26262.
Large-Scale Agile Projects: The research is particularly relevant to large-scale
agile projects, where maintaining traceability between changing requirements and
related development artifacts is a significant challenge [10] [11].
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1. Introduction

1.5 Structure and Contributions

1.5.1 Structure
Chapter 2 provides the necessary background information to understand the context
and significance of the study. This chapter is crucial for establishing the theoretical
framework and the rationale behind the research questions. Chapter 3 of this study
delves into the related work that has been conducted in the field. This chapter
sets the stage by reviewing previous studies and findings that are relevant to the
research questions being addressed. Chapters 4 and 5 are dedicated to discussing
the research methods and findings. Chapter 4 outlines the methodological approach
taken to investigate the research problem, describing the specific methods of data
collection and analysis used. Chapter 5 presents the results obtained from the
research, providing insights into the findings and their implications. Chapter 6
engages with the research questions through a discussion, offering a critical analysis
of the findings in relation to the research questions. Finally, Chapter 7 concludes
the study by addressing potential threats to the validity of the research findings.

1.5.2 Contributions
The contributions of this study aimed at addressing the complex challenges of ensur-
ing compliance with safety standards like ISO 26262 in large-scale agile software de-
velopment projects will be beneficial to both industry practitioners and researchers.

1.5.2.1 Contributions Beneficial for Industry Practitioners:

Our contribution to industry are centered on improving the T-Reqs tool, with an
emphasis on automating its compliance check procedures. This development makes
it possible to track necessary work artifacts and determine their completion status
quickly and effectively. Furthermore, we used the BOMI metamodel to define roles
and teams participating in the development process and to assign accountability for
each work output. This strategy improves overall project efficiency, knowledge shar-
ing, team coordination, and compliance while streamlining compliance management
and fostering a clearer sense of accountability within agile projects.

1.5.2.2 Contributions Beneficial for Researchers:

Automated Compliance Check Processes: By introducing our method for automat-
ing compliance checks, this study provides academics with a useful foundation for
researching how document management tools affects compliance management in ag-
ile projects. This paper adds to the body of knowledge in academia regarding the
use of technology to enhance regulatory compliance.
Role Definition and responsibilities in Agile Teams: Our research offers an
organized approach to investigating team dynamics and their impact on project
outcomes by applying the BOMI metamodel to define roles and assign responsi-
bilities within agile teams. This methodology presents a fresh perspective on how
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1. Introduction

well-defined roles and responsibility frameworks can improve team productivity and
project outcomes.
Generalizable Insights Across Different Standards and Tools: The insights
derived from our study extend beyond the specific context of T-Reqs and ISO 26262,
offering a broader understanding of software development and compliance manage-
ment. This generalizability enables researchers to apply our findings to other stan-
dards and tools, broadening the scope of their investigations.
Efficient and Effective Traceability and Compliance Management: Taken
as a whole, our contributions seek to transform traceability and compliance man-
agement in large-scale agile projects, especially in situations involving critical safety.
This significant development not only answers open research problems, but it also
establishes a standard for further research on improving software development pro-
cedures under strict safety regulations.

5
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2
Background

This chapter delves into the theoretical foundation and background information nec-
essary for understanding the study, focusing on T-Reqs, a text-based requirements
management solution designed to support agile teams in managing requirements
within large-scale agile system development [6] [7] [8]. The Boundary Objects be-
tween Methodological Islands (BOMI) model, a comprehensive framework that ad-
dresses the coordination needs and boundary objects of an organization, especially
useful for large-scale systems development, is also discussed [9] [12] [13]. Further-
more, the chapter touches upon ISO 26262 Part 6, outlining the requirements for
product development at the software level, emphasizing the importance of safety in
the development process [14].

2.1 Large Scale Agile Development

Large-scale agile has grown to be a critical approach to system development in the
software industry, leveraging agile methodologies to tackle the complexities of devel-
oping large-scale applications and systems. Originating from the early 2000s, agile
methodologies, as articulated in the "Agile Manifesto", prioritize human interaction,
working software, customer collaboration, and adaptability to change. These prin-
ciples have been foundational in shaping agile development practices, emphasizing
the importance of cross-functional teams, iterative development cycles (sprints), and
face-to-face communication. Large-scale agile development faces significant chal-
lenges in traceability, collaboration. These challenges arise from the flexibile and
iterative nature of agile methodologies, which can sometimes conflict with the rigid
requirements of regulatory standards and the need for thorough documentation and
traceability.
Inter-team coordination also becomes more complex as the number of teams involved
increases, demanding specific ways to ensure efficient communication and knowledge
sharing [15]. This includes utilizing backlogs, planning meetings, and specialist roles
such as architects to address problems across team boundaries. Knowledge man-
agement, which is critical for coordinating and directing development efforts, distin-
guishes between tacit, implicit, and explicit knowledge, emphasizing the relevance of
artifacts in managing knowledge in agile contexts. Traceability, a significant enabler
of knowledge management, guarantees that linkages between artifacts are tracked,
allowing for the rapid discovery of important knowledge affected by changes [15]
[16].

7



2. Background

2.2 T-Reqs for Traceability and Compliance in
Large scale agile development

T-Reqs (Textual Requirements) is a text-based requirements management solution
designed by researchers from Chalmers University [17] supported by Software Center
and Ericsson AB to aid agile teams in managing requirements within large-scale
agile system development. It integrates with Git, a widely-used distributed version
control system, to provide a powerful, scalable solution for managing requirements
alongside code and tests. This integration is particularly beneficial for agile teams,
enabling them to keep requirements close to the development process and adapt
them dynamically as the project evolves. T-Reqs was developed from research work
done on traceability challenges with several industrial partners from Software center
with Axis, Ericsson, Grundfos, Saab, Siemens, TetraPak, Volvo Cars, Volvo Trucks
and Vinnova FFI (NGEA) [6] [7] [8].

2.2.1 The T-Reqs Type and Trace Information Model
To define and trace types within T-Reqs, an innovative approach is represented by
the T-Reqs Type and Trace Information Model (TTIM). The goal of this model
is to improve complexity, interoperability, and maintainability in the creation of
complex systems by providing a framework for organizing and connecting different
requirements engineering components. To demonstrate how types and traces can
be efficiently defined and used within T-Reqs, a sample TTIM can be found in
"Appendix A.1".

2.2.2 Advantages of T-Reqs over other tools in Large Scale
Agile Development

Choosing T-Reqs for our study, especially in the context of traceability and com-
pliance in large-scale agile development, was based on several key advantages that
T-Reqs offers over other existing tools. Our decision was primarily influenced by
T-Reqs’ unique capabilities that align closely with the requirements of managing
traceability and compliance within agile environments, particularly those operating
at scale.

2.2.2.1 Lightweight Tooling:

T-Reqs offers lightweight tooling that does not require significant adjustments to an
organization’s existing processes. Instead, it aims to fit into the organization’s agile
way of working.

2.2.2.2 Unmatched Flexibility and Adaptability

Unlike rigid, proprietary tools that force you into their mold, TReqs offers unparal-
leled flexibility:

8



2. Background

• Its text-based format allows for seamless integration into existing workflows
without disruption.

• It works perfectly with standard agile development tools, eliminating the need
for costly replacements.

• Its extensible and customizable architecture ensures it adapts to your evolving
needs, not the other way around.

2.2.2.3 Scalability Without Compromise

While traditional tools falter under complexity, TReqs thrives:
• Designed specifically for managing requirements in large-scale agile system

development.
• T-Reqs scales effortlessly to meet the growing demands of companies and sup-

ports multiple teams working simultaneously on requirements without bottle-
necks.

2.2.2.4 Superior Traceability and Linkage

TReqs outperforms competitors like Word and Excel in tracing to requirements:
• Provides robust traceability between requirements and system properties
• Facilitates comprehensive understanding of relationships between different lev-

els of requirements

2.2.2.5 Cost-Effective Without Sacrificing Quality

Unlike expensive enterprise solutions like Doors and RequisitPro, TReqs delivers
high-quality features at a fraction of the cost:

• Eliminates licensing costs associated with traditional requirements tools.
• Utilizes existing Git infrastructure, reducing overall tooling expenses.
• Open-source nature allows for customization without vendor lock-in.

2.2.2.6 Future-Proof Infrastructure

While others struggle to keep pace, TReqs embraces modern development practices:
• Built on Git-based principles, ensuring compatibility with cutting-edge CI/CD

pipelines
• Supports standard technology stacks used by agile teams, future-proofing your

investment
• Infrastructure-as-code approach allows for easy deployment and management

In comparison to other tools evaluated, including Doorstop, word processors, spread-
sheets, traditional RE tools, issue trackers, and Eclipse Capra, T-Reqs emerged as
the superior choice due to its comprehensive feature set tailored for agile devel-
opment environments. Its integration with Git, support for traceability, version
control, and collaboration at scale, together with its advanced features and poten-
tial for regulatory compliance support, made T-Reqs an ideal solution for this study
[18] [7] [8].
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2.3 The BOMI Model
Boundary Objects between Methodological Islands (BOMI) model is a comprehen-
sive framework that provides an understanding of the coordination needs and bound-
ary objects [13] of an organization. This model is especially useful for large-scale
systems development, where it can be difficult to manage knowledge across various
organizational groups, especially in the rapidly changing context of agile develop-
ment [9] [13].
According to the BOMI model, a group that employs development techniques dis-
tinct from those utilized by the neighboring organization is referred to as a Method-
ological Island (MI). These MIs work in an environment where other organizational
divisions that employ different development techniques are present. They are usu-
ally found in larger organizational structures. This calls for the use of coordination
mechanisms, which are backed by a range of artifacts such as written documents,
models, backlogs, and code referred to as Boundary Objects. [9] [13]. Boundary Ob-
jects (BOs), are the key interfaces that connect these Methodological Islands. They
act as the links between various development teams and methodologies, facilitating
effective knowledge sharing and coordination [13].

Figure 2.1: The BOMI metamodel [9]

Given that our goal of this thesis also aimed at improving coordination within large-
scale agile projects, the BOMI model emerged as an optimal choice. It offers a clear
understanding of how boundary objects facilitate communication and collaboration
across different methodological islands, which is essential in agile environments char-
acterized by rapid iterations and dynamic team interactions.
This choice was driven by several key considerations:
Unique Attributes of the BOMI Model: Our research did not identify any other
model that offered the same level of detail and structure around shared artifacts
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across dispersed teams(boundary objects), roles, and project components as the
BOMI model. This uniqueness was a significant factor in our decision to adopt the
BOMI model.
Enhanced Collaboration: By clearly defining and managing boundary objects,
teams can better understand and communicate the roles and responsibilities of dif-
ferent stakeholders, leading to improved collaboration and coordination.
Increased Transparency: Clear documentation and management of boundary
objects increase transparency within teams and across projects. Stakeholders can
easily see where decisions are made and who is responsible for different aspects of
the project.
Better Decision Making: By providing a structured approach to managing
boundary objects, teams can make more informed decisions. Understanding the
implications of changes to boundary objects can lead to more strategic decision-
making.
Promotes Knowledge Sharing: By centralizing the management of boundary
objects, teams can promote knowledge sharing. This can lead to a more cohesive
understanding of the project and its goals among all participants.
Based on these foreseeable benefits in integrating BOMI in TREqs enabled projects,
we decided to adopt the model for this study. The BOMI model can significantly im-
prove coordination in T-Reqs enabled projects by providing a structured framework
for managing boundary objects(work artifacts) shared between different method-
ological islands. This will ensure that all teams are aligned, that tacit information
flows effectively between different parts of the project, and that the project can adapt
and evolve as needed [9]. The attributes of the main parts of the BOMI model will
also serve as a blueprint for managing artifacts, roles, and teams involved in the
compliance checking functionality of our proposed tooling solution.

2.4 Regulatory Standards Compliance and ISO
26262

Regulatory standards compliance is a critical aspect of modern industries, ensuring
products meet safety, performance, and environmental criteria [19]. Among these
standards, ISO 26262 stands out as a globally recognized standard specifically tai-
lored for functional safety in automotive electronic/electrical systems. Published
by the International Organization for Standardization (ISO), ISO 26262 aims to re-
duce risks posed by hazards caused by malfunctioning behavior of electrical and/or
electronic systems. The standard outlines a process for identifying, assessing, and
mitigating risks associated with these systems throughout their life cycle, from con-
cept to production and service. It covers activities such as hazard analysis, risk
assessment, hardware and software fault modeling, failure mode and effects analysis
(FMEA), and robustness analysis.
The standard ISO 26262 is composed of twelve parts, including ten normative
parts and two guidelines, designed to guide the functional safety of automotive
electronic/electrical systems throughout their lifecycle, from concept to decommis-
sioning, ensuring the highest standards of safety and reliability.
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Part 1: Vocabulary This part of the ISO defines terms used in the standard to
ensure everyone understands what is meant by "functional safety."
Part 2: Management of Functional Safety This part explains how to organize
and manage functional safety efforts within an organization.
Part 3: Concept Phase This part of the ISO guides the early stages of product
development, where safety goals and requirements are established.
Part 4: Product Development at the System Level This part helps define
safety features at the system level, ensuring the whole system works safely together.
Part 5: Product Development at the Hardware Level This part of the ISO
focuses on designing and evaluating hardware to prevent failures that could harm
people.
Part 6: Product Development at the Software Level This part of the ISO
outlines how to design and verify software to minimize errors that could lead to
accidents.
Part 7: Production and Operation This part of the ISO ensures that the
manufacturing and use of the product don’t introduce new safety risks.
Part 8: Supporting Processes This part of the ISO details the processes needed
to keep track of changes and ensure safety remains intact.
Part 9: Automotive Safety Integrity Level (ASIL)-oriented and Safety-
oriented Analysis This part of the ISO shows how to analyze safety risks and
decide on the right safety measures.
Part 10: Guidelines on ISO 26262 This part of the ISO gives extra information
to help understand and apply the standard better.
Part 11: Guidelines on Applying the Standard to Semiconductors This
part of the ISO advises semiconductor makers on how to follow the standard in
their work.
Part 12: Adaptation of ISO 26262 to Motorcycles This part of the ISO
explains how the standard can be adapted for motorcycles, ensuring they’re safe
too.
Compliance with ISO 26262 is mandatory for automotive manufacturers and suppli-
ers in many jurisdictions, reflecting the standard’s recognition as a benchmark for
functional safety in the automotive sector. Adherence to the standard helps organi-
zations avoid legal penalties, enhance consumer trust, and ensure the reliability and
safety of their products.
This standard plays a pivotal role in enhancing the safety of automotive systems
by providing a comprehensive framework for managing functional safety risks. Its
adoption shows the industry’s commitment to innovation and safety, ensuring that
advancements in technology do not compromise the fundamental principle of pro-
tecting human life. [20] [21] [3].

2.4.1 Benefits of Achieving ISO 26262 Compliance
Improved Safety: Adopting ISO 26262 helps ensure that the safety of car com-
ponents is considered from the beginning of the development process. This can
improve the safety of car electronic systems and show customers, regulators, and
end users the company’s commitment to safety [20] [19].
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Reliable Product Production: The standard outlines organizational structures
and management practices necessary for compliance with functional safety, ensuring
that organizations have the necessary management structure to reliably produce
safety-based products. This includes evidence of competence, quality management,
and measures for assessing functional safety [20] [19].
Regulatory Compliance: While ISO 26262 is not required by law, many car
makers and suppliers follow it to show their commitment to safety. Sometimes
customers and regulators might require them to prove they follow the standard.
Even if it’s not required, following it can improve the safety of car electronic systems
[20].

2.4.2 ISO 26262 Part 6

Part 6 of the ISO 26262 standard, emphasizes the importance of extensive traceable
documentation as proof of compliance throughout the software development lifecycle
[14]. This documentation, referred to as "work products" in the standard’s annexes
and at the end of subclauses, is crucial for demonstrating that all safety-related
aspects of the software have been adequately addressed and verified. Work products
encompass a wide range of documents and records generated during the software
development process, including but not limited to:
Requirements Specifications: Detailed descriptions of the software’s functional
and non-functional requirements, including safety requirements.
Design Documents: Documentation of the software architecture, design choices,
and interfaces with other systems.
Implementation Records: Evidence of the actual code written, including com-
ments and annotations that relate to safety considerations.
Test Plans and Results: Comprehensive plans for testing the software against
its requirements and the results of those tests, including any safety-specific tests.
Configuration Management Records: Information on the versions of the soft-
ware and its dependencies, ensuring that the correct versions are being used and
that changes are properly tracked.
Safety Analysis Reports: Summaries of the analysis conducted to identify and
mitigate safety risks, including fault tree analysis, failure mode and effects analysis
(FMEA), and others.
These work products serve as tangible evidence that the software development pro-
cess has been carried out in accordance with the principles of ISO 26262, focusing
on minimizing risks associated with product design and development to prevent
hazards and potential human health and life-threatening failures. The requirement
for extensive traceable documentation shows the standard’s commitment to trans-
parency, accountability, and the continuous improvement of safety practices in the
development of safety-critical software [20] [14] [21].
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2.4.3 Compliance To ISO 26262 Part 6 in T-Reqs enabled
projects

We have chosen to focus specifically on ISO 26262 Part 6 for this thesis/study due to
its direct relevance to the development of safety-critical systems at the software level
[14]. Part 6 provides comprehensive guidance on the entire software development
life cycle, from initial concept through to decommissioning, covering requirements
specification, design, implementation, integration, verification, validation, and con-
figuration management [14]. The standard requires extensive traceable documen-
tation called "work products" as proof of compliance . These work products serve
as a record of the development process, ensuring that all decisions regarding soft-
ware design and functionality are well-documented and traceable. This is crucial
for demonstrating compliance, conducting audits, and facilitating continuous im-
provement. Tools like T-Reqs significantly enhance the ability to manage and trace
these requirements effectively within agile methodologies. By focusing on ISO 26262
Part 6, this study aims to explore how T-Reqs can be effectively integrated into the
software development process of safety critical systems to ensure compliance with
safety requirements particularly in large-scale projects [22] [23]. It is important to
note that the findings and insights gained from this study on integrating T-Reqs
into the software development process for ISO 26262 Part 6 compliance are likely to
be applicable to other standards that similarly emphasize the importance of trace-
ability in work artifacts as evidence of compliance. This suggests that the benefits of
using T-Reqs could extend beyond the specific context of ISO 26262 Part 6, poten-
tially offering valuable lessons for organizations working with various safety-critical
standards across different industries.

Figure 2.2: Annex A of ISO 26262 Part 6 showing a breakdown of required artifacts
necessary for compliance [14]
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Related Work

3.1 Large Scale Agile, Boundary Objects and Co-
ordination

As agile practices and teams scale up, the challenge of coordinating between teams
during development phases becomes increasingly complex. This section delves into
the intricacies of Agile coordination at scale, drawing insights from recent studies
that highlight the pivotal role of boundary objects in facilitating seamless inter-team
collaboration. Studies on the lack of efficient mechanisms for inter team coordination
affecting the overall efficiency and success of large-scale agile projects, reveal key
areas of concern [24] [16] [15]. Recent studies suggest traceable boundary objects
offer as a promising avenue for addressing these coordination challenges, by providing
a tangible means to link parts of the project and ensure that all stakeholders are
aligned with the project’s objectives and compliance status [15] [13] [16].
From Wohlrab’s study [15] the concept of using traceable boundary objects to en-
hance coordination among large scale agile development teams, was the main theme.
Her work explores how boundary objects, which are entities that are shared among
groups and carry meaning across social worlds, can be made "living" or dynamic to
support agile methodologies’ iterative nature.
Boundary objects are particularly valuable in agile environments because they fa-
cilitate communication and understanding between teams that may be working on
different aspects of a project but need to coordinate their efforts effectively. However,
traditional boundary objects can become static and less effective as projects scale
and evolve rapidly. Wohlrab proposes the idea of "living boundary objects" that are
adaptable and can evolve over time alongside the project’s needs, thus providing a
flexible yet reliable means of coordination [15].
Traceability in these living boundary objects is crucial for several reasons:
Visibility Across Teams: Traceability allows all team members to see the current
state of the project, the status of tasks, and how different parts of the project relate
to each other. This visibility is essential for teams to understand the broader context
of their work and how it fits into the larger project goals.
Efficient Communication: By being able to trace the origin, history, and evolu-
tion of a boundary object, teams can communicate more effectively. This reduces the
likelihood of miscommunication and misunderstandings, which are common pitfalls
in agile development.
Facilitating Collaboration: Traceable boundary objects enable teams to collab-
orate more seamlessly. They provide a common ground for discussion and decision-
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making, ensuring that all stakeholders have access to the same information and can
make informed decisions based on up-to-date data.
Improving Agility: The ability to trace changes and adaptations in boundary
objects enhances agility. As projects evolve, teams can adjust their plans and pri-
orities more dynamically, knowing that their coordination tools are flexible enough
to accommodate these changes.

3.2 Traceability And Compliance In Systems De-
velopment

Traceability and compliance are pivotal in systems development, especially in sec-
tors prioritizing safety, quality, and regulatory adherence. The literature review
by Castellanos et al. emphasizes the critical role of traceability in enhancing soft-
ware maintenance quality and efficiency, highlighting the importance of automated
traceability for real-time, comprehensive information on any requirement [25]. This
aligns with the findings that traceability can significantly improve the quality of
software maintenance while saving time and effort, as evidenced by studies showing
developers completing tasks 24% faster and producing 50% more correct solutions
when using enhanced traceability [25].
Further insights come from a conceptual study by Ghobadi, which explores the chal-
lenges faced by cross-functional software development teams [24]. Ghobadi’s work
sheds light on the complexities involved in coordinating between different teams,
emphasizing the need for effective traceability mechanisms to facilitate smoother
inter-team collaboration and decision-making processes [24]. In our work, we lever-
age the coordinational aspects of BOMI and the traceability of T-Reqs to facilitate
collaborative traceability across boundary objects, roles, teams and drivers.
A multiple case study by Wohlrab et al. investigates collaborative traceability man-
agement from the perspectives of organization, process, and culture. Their findings
highlight the necessity of a comprehensive approach to traceability, considering both
technological and cultural factors to ensure successful implementation and utiliza-
tion of traceability systems across different organizational contexts [16].
Building upon these ingights, TReqs and BOMI can significantly contribute to col-
laborative traceability management in software and systems engineering. By incor-
porating TReqs into the development workflow, developers and stakeholders partic-
ipating in the development phase can more effectively evaluate compliance risks by
establishing and maintaining trace links between work products and the standard’s
requirements [2]. This integration facilitates a deeper understanding of how each
component of the system aligns with the standard, enabling proactive identification
and mitigation of potential compliance issues. Additionally, BOMI can support the
management of shared boundary objects that facilitate communication and knowl-
edge sharing among distributed teams. Both TReqs and BOMI can leverage the
findings from the study to enhance traceability management, making it easier for
practitioners to navigate the complexities of distributed development environments
and to harness the full potential of traceability in improving collaboration and com-
pliance.
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3.2.1 Traceability Strategies in Industry
Requirements-Centered Approach: This approach focuses on tracing require-
ments throughout the development lifecycle, ensuring that all work products are
aligned with the defined requirements. It emphasizes the importance of having a
clear and unambiguous specification of requirements and their relationships with
the developed artifacts [16]. Our approach to using TReqs and BOMI aligns closely
with this approach by ensuring trace links between work products and standard’s re-
quirements throughout the development process. This method enhances the clarity
and unambiguity of fulfilled standards, thus aiding in the evaluation of compliance
risks.
Developer-Driven Approach: In this approach, developers are tasked with cre-
ating and maintaining links between their work and relevant requirements or stan-
dards, presenting significant challenges. Manual checks are prone to human error,
can be time-consuming, and may not capture the full scope of traceability needs,
especially in complex projects with numerous work artifacts and evolving require-
ments. Furthermore, relying solely on individual developers’ discipline and attention
to detail can be risky, potentially leading to inconsistencies in traceability coverage
and completeness. This can make it difficult to accurately assess compliance and
identify areas of concern.
Mixed Approach: This approach combines elements of both the requirements-
centered and developer-driven methods, aiming to balance the need for rigorous
traceability with the practicalities of software development. It may involve a mix
of automated tools and manual processes to ensure that traceability is maintained
across the project lifecycle.

3.2.1.1 Challenges Faced During the Traceability Process

Several studies have explored the importance of establishing traceability between
development artifacts and how it aids in complying with ISO 26262, particularly in
the automotive industry [26] [27] [28] [29] [16] .
Based on the study by Maro, several key challenges emerge in the realm of traceabil-
ity management, which, if not addressed, can hinder the effective implementation
and utilization of traceability in software and systems engineering projects [29].
These challenges serve as critical problem statements that highlight the need for
innovative solutions and methodologies to enhance traceability practices:
Purposeful Traceability: Ensuring that traceability is established for a reason,
meaning it is aligned with the needs of various stakeholders both internally and
externally. Without a clear purpose, traceability efforts may lack focus and fail to
deliver meaningful value.
Cost-effectiveness: The absence of methods for measuring the return on invest-
ment (ROI) for establishing traceability makes it difficult for development organiza-
tions to determine which traceability practices and tools are most cost-effective and
beneficial under specific circumstances.
Value Recognition: For traceability to be effectively utilized within a development
organization, all stakeholders involved in its planning, creation, maintenance, and
use must recognize its value. If traceability is seen as optional or of low priority, it
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is likely to be poorly established and utilized.
Portability: In the context of embedded systems development, where systems are
developed across multiple departments and sometimes across different organizations,
traceability must be portable and efficiently exchangeable between these entities to
ensure seamless collaboration.
Trustworthiness: Users need to trust the traceability links to utilize them for
activities such as impact analysis or change management. Ensuring the correctness
and completeness of these links is crucial for building this trust.
Configurability: Different development organizations and projects may have vary-
ing needs for traceability. Traceability tools must be configurable to accommodate
these differing needs, allowing for flexibility in how traceability is implemented.
Scalability: As projects grow larger, so does the network of traceability links.
Traceability solutions must be scalable to handle increasing complexity and volume
without compromising performance or usability.
Ubiquity: Achieving seamless traceability that is automatically established as work
progresses is considered the ultimate goal. However, realizing this "grand traceabil-
ity challenge" requires overcoming significant hurdles, including the development of
advanced automation tools capable of establishing traceability links in the back-
ground.
These challenges reveal the complexity of implementing effective traceability man-
agement in software and systems engineering projects. Addressing these issues re-
quires a sophisticated approach that considers the specific needs and constraints
of each project, leveraging technology and best practices to enhance traceability
practices and outcomes.

3.2.2 Compliance Strategies in Industry
Compliance Checking from Standards Concepts Modeling: This approach
involves modeling the process elements required by specific standards directly. Stud-
ies in this category focus on creating a knowledge base of process concepts defined
within the standard itself, often using models of standards (MoS) and user-defined
processes (UdP). Compliance checks are performed by comparing these models
against the standard’s requirements during both process design and runtime. This
method emphasizes fidelity to the standard’s concepts, aiming to ensure that the
software process closely matches the standard’s specifications.
Compliance Checking from Process Modeling Languages: Here, process
modeling languages are utilized to create process elements and their interactions.
This approach leverages existing process modeling languages like SPEM 2.0 and
transforms them into ontologies or other formal representations to apply constraints
derived from various standards. Compliance checking is facilitated through the
formalization of processes in these languages, allowing for a structured and stan-
dardized way to assess compliance with specific standards.
Compliance Checking from Documents Workflow: The study explored document-
centered approaches as a promising model for assessing software process-related nor-
mative compliance. Two notable studies in this category focus on checking document
compliance to quality constraints during the development process, utilizing different
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states of documents (e.g., planned, in use, submitted, ready for QA, accepted, and
present, missing) to derive compliant activities. Another method employs policies
that trigger appropriate checks upon document events (open, close, update), acting
in different modes (error, warning, guideline) depending on the check’s mandatory
nature
Compliance Checking from Role-Based Access Controls: Role-based ap-
proaches assess compliance by evaluating the permissions and access rights granted
to different roles within the software development process. These methods often
utilize formal logic to define and enforce access controls based on the roles involved
in accessing certain information or performing specific tasks. Compliance is ensured
by verifying that access rights are correctly assigned according to the standard’s
requirements, thereby safeguarding the integrity and confidentiality of the software
process.
Each of these strategies offers unique advantages and considerations, tailored to
different aspects of the software development lifecycle and varying degrees of stan-
dardization and formalization. The choice of strategy depends on the specific needs
of the project, the complexity of the software being developed, and the standards
to which compliance is required.
For projects requiring compliance with standards like ISO 26262, especially in the
automotive industry, a specific Traceability Matrix meant for compliance, known as a
compliance matrix, can be used. This matrix tracks requirements from the specified
regulations to make it easier to comprehend development and testing. However,
creating and maintaining a compliance matrix requires manual effort and does not
come with built-in compliance checkers [16] [30].

3.2.2.1 Challenges Faced During the Compliance Process

The literature review by Ardila et al. identifies several key challenges in establishing
and maintaining traceability and compliance in software processes [25], including
the complexity of traceability across multiple domains, the difficulty of integrating
traceability tools with existing systems, the challenge of automating traceability
processes, and the scalability of traceability systems. These challenges resonate
with the experiences shared by Maro et al., who identified 13 traceability challenges
in a large automotive supplier, highlighting the universal applicability of these issues
[29].
Complexity of Standards: ISO 26262 is a comprehensive standard with intricate
requirements that can be difficult to interpret and implement consistently across
different projects and teams ISO 26262.
Integration with Existing Processes: Integrating compliance checks into ex-
isting development workflows without disrupting productivity is a significant chal-
lenge. Automated tools can help streamline this process but require careful setup
and maintenance Automated Compliance Checking.
Cross-Functional Collaboration: Ensuring that all stakeholders, including de-
velopers, testers, and managers, are aligned on compliance goals and methodologies
can be challenging, especially in large or distributed teams Cross-Functional Soft-
ware Development Teams.
Resource Allocation: Allocating sufficient resources for compliance activities,
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including training and tool procurement, is often a struggle, particularly in fast-
paced development environments Resource Management in Software Projects.
Traceability Maintenance: Maintaining up-to-date traceability matrices and
documentation is crucial for compliance but can be labor-intensive and prone to
errors Traceability in Software Development.
Continuous Compliance Verification: Ensuring ongoing compliance as the soft-
ware evolves requires robust processes and tools capable of detecting deviations from
standards in real-time Continuous Compliance in Agile Development.

Our implementation addresses these challenges by providing an enhanced traceabil-
ity platform that integrates seamlessly with existing development tools and work-
flows. It automates compliance checks, reduces the burden of manual traceability
maintenance, and facilitates cross-functional collaboration. By leveraging advanced
traceability reports our solution can predict compliance risks early in the develop-
ment cycle, allowing teams to proactively address issues before they become critical.
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4.1 Design Science Research
Software and systems engineering require collaboration among professionals from
various backgrounds during the innovative process of creating complex products.
The research methodology adopted in this thesis is rooted in design science princi-
ples. We adopted Knauss’ guidelines for the Design Science Research (DSR) cycle
to structure our study [31]. Our approach began by identifying and addressing real-
world challenges and needs within the industry. Following this, we gathered insights
into current practices and developed potential solutions. These solutions were then
assessed collaboratively with industry partners and academic supervisor and refined
further. The design science research activities used in conducting this study involved
problem identification, solution suggestion, development(implementation), solution
validation and evaluation. The design science research methodology was selected
as an appropriate methodology because its objective is to develop new technology-
based solutions to important and relevant industry problems or to improve existing
artifacts. This makes it inline with the objective of this study. Because the main
goal of this study is to improve the basic version of the T-reqs tool in such a way
that it improves coordination and compliance checking large-scale agile requirements
engineering challenges. This study has been conducted in three different iterations.
Each iteration involves the application of all design science research activities. The
following section provides a brief description of the design science activities and a
summary of what is done during those activities.

4.1.1 Design Process

4.1.1.1 Problem Identification

In our first cycle , the study concentrated on finding current limitations in the
traceability and compliance support of the T-Reqs tool (RQ1), ISO 26262 compli-
ance and investigated the current metamodel utilized to Model Boundary Objects
between Methodological Islands (BOMI) (RQ1). This included a thorough analysis
of related literature on T-Reqs, BOMI, compliance, traceability and coordination.
We also delved into current traceability and compliance methodologies currently
being used in industrial settings and thier challenges. Our second cycle presented
new literature and areas to look at from discussions and feedback obtained from the
evaluation phase of our first cycle with industry experts. Our 3rd and final cycle
identified problems from an interview held with an industry expert and feedback
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from the previous cycle.

4.1.1.2 Solution Suggestion

Following the problem identification stage, the plan of action was to develop a T-
Reqs type-and-traceability-information-model (TTIM) based on the current BOMI
metamodel (RQ1) during cycle 1. By developing a data model that details the
parts of the metamodel and their linkages, this strategy sought to improve the
coordination aspects of T-Reqs enabled projects. Additionally, the plan included
establishing standardized procedures for describing standards in markdown/T-Reqs
format (RQ2). This step was crucial for ensuring that standards are clearly defined
and easily accessible, facilitating a more efficient and effective traceability process
within T-Reqs. Systematic procedures was developed for tracing information from
standards to development artifacts (RQ2) in cycle 2 and 3. This involves creat-
ing a traceability report that visually maps the connections between standards’
requirements, development artifacts and related roles making it easier to identify
and manage traceability.

4.1.1.3 Solution Implementation

In the solution implementation stage, the focus was on putting the proposed so-
lutions into action to enhance traceability and compliance support within T-Reqs
enabled projects. The following are the phases of our implementation,
Development of the Type-and-Traceability Information Model (TTIM)- (RQ1): Based
on the current BOMI metamodel, a TTIM was developed during Cycle 1. This model
served as a foundational structure, detailing the components of the metamodel and
their interconnections. The TTIM was specifically designed to improve the coor-
dination aspects of T-Reqs-enabled projects by providing a clear and structured
representation of the relationships between different elements of the project.
Sample Implementation of ISO 26262 Part 2(RQ3): Leveraging the TTIM and the
newly established procedures, a sample implementation of ISO 26262 Part 2 was
created using an already modeled version of that standard in Cycle 1. This practical
application demonstrated the applicability and effectiveness of the new TTIM . The
sample implementation served as a tangible example of how the proposed solutions
could be applied in real-world scenarios, offering insights into their potential impact
on improving traceability, coordination and compliance support.
Standardized Procedures for Describing Standards (RQ2): To ensure that standards
are clearly defined and easily accessible, we utilized markdown for standards repre-
sentation in T-Reqs. We defined the ISO 26262 Part 6 in markdown and tagged all
the required work products for each subclause in Cycle 2. This step was crucial for
streamlining the process of tracing the standard easily to all stakeholders and work
artifacts required for compliance.
Systematic Procedures for Tracing Information and Reporting Risks(RQ2): Building
on the previous steps, systematic procedures were developed for tracing information
from standards to development artifacts using the new TTIM in Cycle 2 and 3. This
involved creating a traceability report that visually maps the connections between
standards’ requirements, development artifacts, and related roles. Such mapping
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simplifies the identification and management of traceability, making it easier for
project participants to understand how each part of the project aligns with the
standards,which ultimately enhances coordination and compliance.

4.1.1.4 Solution Validation

Making sure the proposed solutions successfully address the issues found in the
traceability and compliance support of the T-Reqs tool is the main goal of the solu-
tion validation step. After each implementation phase, the proposed solutions were
shown to our supervisor and industry participants from the workshop for feedback
and checked for feasibility.

4.1.1.5 Solution Evaluation

During this phase, the solutions were tested in real-world scenarios to measure their
impact on T-Reqs enabled projects’ coordination, traceability and compliance pro-
cesses. This involves collecting data on the effectiveness of the solutions in improving
traceability and compliance support in the T-Reqs tool and analyzing this data to
determine the extent to which the solutions meet the needs of the project and its
stakeholders. Our study needed continuous feedback throughout each iterative cycle
to refine our exploration of the research questions and assess our proposed solutions.
The solutions were presented to industry experts for feedback during 2 workshops
held in Cycle 1 and 2. Our participant pool was drawn from a workshop named
"Managing Knowledge Flows for Large Scale Agile System Development." This in-
cluded academic researchers from the University of Gothenburg and Chalmers Uni-
versity with industry experts from various companies.
Company 1: Specializes in automotive software development.
Company 2: Specializes in automotive manufacturing.
Company 3: Specializes in telecommunications.
Company 4: Specializes in manufacturing.
It was beneficial to have diverse views from different fields of work

4.2 Data Collection
During the data collection phase, surveys, interviews and workshop discussions were
employed to gather insights and information relevant to the problem investigation
and evaluation stages. These methods were chosen for their ability to provide rich
data that can offer deep insights into the complexities of the study.

4.2.1 Participant Selection Criteria
A primary consideration in participant selection was the depth of knowledge and
experience in T-Reqs and compliance to standards. Participants with direct in-
volvement in software development, such as systems architects and engineers, were
prioritized for their extensive experience and deep understanding of the issues faced
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when complying to standards. Also, researchers who were actively involved in devel-
oping various aspects of T-Reqs and the BOMI model, provided invaluable insight.
Their practical knowledge and thorough understanding of software development pro-
cesses and compliance standards helped us navigate some practical challenges and
opportunities associated with implementing and managing T-Reqs and standards
compliance in real-world scenarios.
The table below lists the participants involved in the data collection workshops and
interviews, detailing their roles, years of experience, and participation in workshops
and interviews.

Participant Role Experience (years) Workshops Present Interviews
Participant 1 Systems Architect 10+ 1& 2
Participant 2 Systems Engineer 14+ 1& 2 YES
Participant 3 Systems Engineer 10+ 1& 2
Participant 4 Researcher 5+ 1& 2
Participant 5 Researcher 5+ 1& 2
Participant 6 Researcher 5+ 1& 2
Participant 7 Research Assistant / Masters Student 5+ 1& 2
Participant 8 Masters Student 0 1& 2
Participant 9 Masters Student 0 1& 2
Participant 10 Masters Student 0 1& 2
Participant 11 Masters Student 0 1& 2
Participant 12 Bachelor’s Student 0 1& 2

Table 4.1: List of participants involved in data collection workshops and interview

4.2.2 Workshops
Workshops are particularly effective in the early stages of problem investigation to
generate ideas and solutions, fostering a collaborative environment where partici-
pants can contribute their expertise [32]. We engaged experts in two workshops,
corresponding to cycles 1 and 2 of our research, to collect their feedback on the
identified problems and proposed solutions. Our presentations and discussion dur-
ing each workshop lasted approximately 45 minutes and the rest of the 3 hour long
session was focused on topics revolving around requirements engineering, making
the discussions highly relevant to our study.
To facilitate participation and accommodate attendees’ preferences, we adopted a
hybrid format for the workshops, combining physical attendance with virtual partic-
ipation via Microsoft Teams. This approach allowed us to reach a broader audience,
including those who might not have been able to attend in person.
At the beginning of each workshop, we presented the problems we had identified
along with our proposed solutions. Following this presentation, we opened the floor
for a discussion, encouraging participants to share their thoughts, experiences, and
suggestions. This interactive session fostered a collaborative environment where
participants could contribute their expertise and insights.
Participants willingly gave their consent for us to record the proceedings and use
the collected data for our study. The recordings served as a valuable resource,
allowing us to revisit the discussions and extract detailed insights that might have
been overlooked during the live sessions. The workshops proved to be an effective
means of engaging with experts in the field, providing us with rich, qualitative data

24



4. Research Methods

that significantly contributed to the depth and breadth of our research findings.

4.2.3 Surveys
During Cycle 2 and 3, surveys were distributed to workshop participants and other
selected experts knowledgeable about compliance and safety standards. This survey
aimed to gather insights pertinent to Research Questions 1 and 2 (RQ1 and RQ2),
specifically exploring the representation of BOMI in T-Reqs, the efficiency of tracing
to boundary objects for automated compliance checking, and the evaluation of the
compliance report generated.
The surveys utilized Likert scales, a psychometric scale commonly employed in ques-
tionnaires to measure attitudes or opinions. A Likert scale typically presents respon-
dents with statements and asks them to rate their agreement or disagreement on a
symmetric agree-disagree scale. In this case, the survey included both 3-point and 5-
point Likert scale questions, providing respondents with options ranging from strong
disagreement to strong agreement, with neutral options available. This scale allows
for quantifiable analysis of subjective responses, facilitating statistical analysis of
the collected data.
Additionally, the surveys incorporated open-ended questions to capture qualitative
feedback. This combination of quantitative Likert scale questions and qualitative
open-ended questions enabled a comprehensive analysis of the participants’ percep-
tions and experiences, offering both numerical data for statistical analysis and rich
textual data for thematic analysis. This approach ensured a thorough investigation
into the effectiveness of BOMI representation in T-Reqs, the utility of tracing for
compliance checking, and the perceived value of the compliance reports, addressing
the core objectives of RQ1 and RQ2.

4.2.4 Interviews
Interviews, especially semi-structured ones, allow for a detailed exploration of indi-
vidual perspectives and experiences, providing a direct line of communication be-
tween the researcher and the participants. This method is particularly useful for
understanding the nuances of the problems and the potential solutions from the
participants’ viewpoints [33].
In the second cycle of the study, a semi-structured interview was conducted to delve
deeper into the insights gathered from the survey results and previous workshop.
This interview served as a complementary method to further enrich the data col-
lected, aiming to uncover any overlooked details or to explore new avenues that
were not previously considered. The choice of a semi-structured interview format
allowed for flexibility in the discussion, enabling us probe deeper into the partic-
ipant’s experiences and opinions while still maintaining a structured approach to
ensure coverage of key areas of interest.
The interview lasted approximately an hour, during which the participant provided
consent for recording. This consent facilitated the capture of detailed responses,
which could be reviewed and analyzed later for patterns, themes, and insights that
might not have emerged from the survey or workshop. This approach not only
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supplemented the quantitative data obtained from surveys and workshops but also
contributed to a more holistic view of the issue being studied, enriching the overall
research output.

The data collected will be transcribed and coded for analysis, providing a solid
foundation for the subsequent stages of the research process.

4.3 Data Analysis

The data analysis section of this study encompasses a comprehensive examination of
the qualitative and quantitative data collected through interviews, workshops, and
surveys.

Thematic Analysis of Interviews Thematic analysis was applied to the tran-
scriptions of semi-structured interview conducted in the second cycle of the study.
This method allowed for the identification of recurring themes and patterns within
the participant’s responses, providing a nuanced understanding of their perceptions
and experiences regarding the challenges and potential solutions in traceability and
compliance management. The interpretation of these themes was guided by the
research questions and objectives, ensuring that the analysis remained aligned with
the study’s goals.

Workshop Observations and Survey Responses Observations made during the
workshops were summarized and interpreted to gauge the participants’ reactions to
the proposed solutions and to identify areas of consensus or divergence among the
experts. This qualitative data was complemented by the analysis of survey re-
sponses from 5 respondees, which included both open-ended and closed questions.
Open-ended responses were interpreted qualitatively to capture detailed feedback
and suggestions from the participants. Closed questions, formatted as Likert scales,
were analyzed quantitatively to assess the overall sentiment towards the function-
ality and usability of the T-Reqs tool towards complaince checking. The responses
were converted into numerical values and visualized using bar charts, facilitating a
comparison of satisfaction levels across different aspects of the tool.

Usability Assessment Using the System Usability Scale (SUS) The System
Usability Scale (SUS) was employed to evaluate the usability of the T-Reqs tool.
The SUS scores were calculated by converting the Likert-scale responses from five
respondees into numerical values, summing these values for each respondent, and
averaging the results across all respondents. The average SUS score was then inter-
preted according to established benchmarks to determine the tool’s usability rating.
This quantitative analysis provided a standardized measure of usability, offering
insights into the tool’s user-friendliness and areas for improvement.
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4.4 Design Science Iterations

Figure 4.1: An overview of design science cycles used for this study

Figure 4.2 below gives an overview of how T-Reqs interacts with BOMI’s concepts
and aligns itself with ISO 26262 requirements across the three iterations of our
design science research.
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4.4.1 Iteration 1
Iteration 1 focused on gaining a deep understanding of the concepts surrounding
BOMI, TReqs, and ISO 26262. Through related literature review and discussions
with industry experts in a workshop, we familiarized ourselves with these areas. We
identified a number of significant problems throughout this iteration that keep hin-
dering large-scale projects’ ability to handle requirements and compliance effectively.
We then developed the new Treqs Type and Traceability Information Model(TTIM)
based on the BOMI model and implemented an instance of an already made BOMI
model representing ISO 26262 Part 2. The results of this implementation was pre-
sented and discussed in a workshop setting, providing us with initial insights into
the practical application and reception of our TTIM.

4.4.2 Iteration 2
Iteration 2 built upon the feedback received from the first iteration’s workshop. We
refined our approach by developing a methodology to establish traceability between
work artifacts(Boundary Objects) and the required artifacts(Boundary Objects) of
ISO 26262 Part 6. This phase involved further investigation into existing traceabil-
ity and compliance tools, along with an expanded literature review on ISO 26262
and compliance. The solutions developed were again presented and evaluated in
a workshop, fostering a dialogue with participants about the representation of the
compliance results and its applicability.

4.4.3 Iteration 3
Iteration 3, the final phase, concentrated on addressing the limitations and prob-
lems identified in the previous iterations, specifically targeting improvements in the
TTIM, the compliance check results to include "Roles" involved and UML represen-
tations. Instead of seeking new challenges, this iteration was dedicated to refining
and evaluating the tool based on the feedback gathered. Evaluation sessions featured
a focus group consisting of master’s students with extensive knowledge in T-Reqs
and software engineers with significant experience. These evaluations provided valu-
able insights into the tool’s functionality and areas for improvement, contributing
significantly to the refinement of our approach.
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We go deep into our study in this chapter with the results of three thorough it-
erations of the design science cycle. We successfully navigated the difficulties of
creating a novel artifact intended to address our problem statement through careful
preparation, execution, and evaluation. With every iteration, we made progress in
perfecting our solution by incorporating insightful knowledge from both industry
experts and literature.

The final artifact and the new features that were implemented are presented in
chapter 5.1. Additionally, the findings from each iteration in the design science
cycle are documented in chapters 5.2, 5.3, and 5.4.

5.1 The Artifact : The Improved T-Reqs Tool for
automated compliance checking

The T-Reqs tool has undergone significant improvements to enhance its functionality
and usability, particularly in facilitating compliance checking for ISO26262 standards
[34]. These advancements are centered around the introduction of a new TReqs
Type and Traceability Information Model (TTIM) based on the Boundary Objects
between Methodological Islands (BOMI) model. This aims to streamline the process
of defining and tracing relationships between various work artifacts required by a
particular defined standard within a project, thereby improving traceability, clarity,
and ease of updates in the compliance check process, audits, and overall project
management [34].
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T-Reqs Feature BOMI related parts ISO 26262 related
parts

Creation of new
TTIM

All main parts were de-
fined(BO, MI, Role, Driver,
Governance team

Not involved with this
feature

Compliance Check
(Tracing to required
work artifacts by a
particular standard )

Boundary Objects(using
the "boundaryObject" type
of the new TTIM

"Work products" clauses
defined by the standard
as deliverables for evi-
dence to compliance

Compliance Check
(Tracing to roles
responsible for the
required artifacts by a
particular standard )

Roles (using the "respon-
sibleFor" attribute of the
TTIM "role" type and "re-
latesTo" attribute of bound-
ary objects

Roles not explicitly de-
fined.

Table 5.1: Relationship between the main parts of the artifact (T-Reqs, BOMI
and ISO26262 Part 6

5.1.1 The New TTIM

The newly introduced TTIM is a pivotal component of the enhanced T-Reqs tool .
It provides a structured framework for defining types and traces in accordance with
the BOMI metamodel.
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Figure 5.1: The new BOMI based TTIM

This model categorizes T-Reqs elements into several key types, including:
Boundary Objects (BO): Artefacts that traverse boundaries between method-
ological islands, serving as tools, deliverables, or other essential documentation can
be tagged as boundary objects within T-Reqs.
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Methodological Islands (MI): Distinct groups with differing ways of working,
such as teams located in various geographical locations can also be defined within a
T-reqs enabled project scope.

Governance Team: A collective responsible for governing boundary objects, em-
phasizing the importance of oversight and management.

Roles: Functions performed by individuals, teams, or groups, encompassing respon-
sibilities ranging from creation to deletion of boundary objects.

Driver: Technologies, processes, or business aspects driving a methodological is-
land, highlighting the forces shaping project development.

This TTIM facilitates the labeling of work artifacts as boundary objects and allows
for the dynamic definition and updating of roles, governance teams, and drivers
within a dedicated document in the project directory. This flexibility ensures that
the project structure remains adaptable to changes and evolving requirements.

We identified several advantages that the BOMI-based TTIM offers compared to
the direct standard-based approach. Specifically, these included:

Enhanced scalability: The BOMI model’s ability to handle complex project struc-
tures makes it suitable for large-scale agile projects, ensuring the compliance check-
ing methodology remains effective as the project grows and evolves.

Improved role and team definitions: The explicit definition of roles and their
interactions with project components provides a structured approach to managing
complex project dynamics, especially beneficial in large organizations.

Better alignment with agile principles: The BOMI model’s focus on flexible,
adaptive structures aligns well with agile methodologies, making it an ideal choice
for projects that require constant adaptation and improvement.

More comprehensive project context: By considering roles, team affiliations,
and governance structures, the BOMI-based TTIM provides a more holistic view of
the project, reducing the likelihood of overlooking critical aspects during compliance
checks.

Improved collaboration across dispersed teams: The clear definition and
management of boundary objects facilitate better communication and coordination
among team members, crucial in large-scale agile environments.

5.1.2 Enhanced Compliance Checking Capabilities

A significant addition to T-Reqs is the introduction of a dedicated compliance folder
designed to house all defined standards in markdown format.
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Figure 5.2: The compliance folder with defined standards

Initially populated with ISO26262 Part 6 definitions, this folder enables easy mod-
ification and tagging of required work products and roles, enhancing traceability
and clarity for stakeholders. The usage of an editable markdown file for defini-
tion of standards allows for straightforward updates to the standard, ensuring that
compliance checks remain current and accurate.
A new T-Reqs command, "treqs compliance", was also introduced to activate com-
pliance check operations.

Figure 5.3: The compliance command with other default treqs commands

Once "treqs compliance" is run, it scans recursively through the "compliance" folder
for all defined standards and shows a list of available definitions to choose from.
This command generates log outputs detailing the compliance status against the de-
fined and selected standard, including completion percentages, required work items,
locations, fulfillment statuses, and roles responsible.
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Figure 5.4: A sample log output after compliance check has been run

This feature provides a clear and concise overview of compliance progress, which
helps to improve auditing and collaboration among stakeholders.

5.1.3 Export to PDF Functionality
To further support auditing and collaborative efforts, an export to PDF functionality
has been added.

Figure 5.5: A sample log output after compliance check has been run

This allows developers and stakeholders to easily generate comprehensive reports
on compliance check results. These PDF documents serve as valuable resources for
review meetings, audits, and sharing insights across teams, enhancing transparency
and accountability in the compliance checking process.

5.2 Iteration I
Our first iteration aimed at addressing the coordination needs in large scale agile
system development when working with standards. We represented the main parts
of the BOMI metamodel in TReqs subject to further improvements to enable the
definition of boundary objects, roles, teams, methodological islands, drivers and
governance teams in system projects. We did not focus on the implementation of
compliance checking to ISO 26262 in this phase but still gathered some informa-
tion during the problem identification stage that could be of help during our next
iteration.

34



5. Findings

5.2.1 Problem Identification
In this phase, we highlight the findings from identified problems related to standards
compliance and coordination in large scale agile system development. These prob-
lems were identified using related literature, and a workshop. From our literature
review some notable challenges were identified that affected Large-scale agile when
attempting to comply with standards such as ISO 26262, particularly in terms of
documentation management and traceability to work artifacts. These challenges
are notable in cultures that prioritize agility and informality, reconciling ISO 26262-
compliant documentation management with agile methodologies seemed to be a
significant hurdle

5.2.1.1 Problem 1: Documentation Management Conflict

The conflict between ISO 26262’s requirements and agile methodologies stems from
the former’s need for precise, concise, and structured documents that are straight-
forward to trace and comprehend by the target audience. This necessity stands in
stark contrast to agile’s inclination towards informal and adaptable documentation
[1]. As highlighted by Participant 7 during the first workshop, "I think there’s one
of the standards I don’t remember. If it was 26262 or Aspice, it actually requires
you to have the responsible people or like an overview of stakeholders that work on
the process to be documented somewhere." This statement highlighted the challenge
of translating abstract standards into tangible, actionable documentation within an
agile framework.
On the other hand, Participant 4 shared her experience working with ISO 26262,
"So I work with ISO 26262 and the challenges usually that you have like it’s a long
list of documents or like things that you need to comply with and it’s not usually the
same Participant that is creating the documents and working on the documents and
so on." She pointed out that it’s uncommon for the same individual to both create
and manage these documents, complicating coordination and traceability efforts.
"So it makes things very difficult in terms of coordination like do we, how do we
fulfill it in what way and trace it to the documents as well," she said, illustrating the
practical difficulties encountered in navigating the documentation landscape under
ISO 26262.

5.2.1.2 Problem 2: Abstract and Evolving Standards

The challenges posed by abstract and evolving standards, such as ISO 26262, were
extensively discussed during the workshop, revealing key concerns around role iden-
tification, requirement consistency, and the complexity of managing multiple stake-
holders. Participant 7 noted, "the ISO standards are kind of known for having this
abstract language where you might have to derive a little bit to know who are the
roles involved," highlighting the difficulty in deciphering the implications of these
standards without a deep understanding. Participant 8 further elaborated on the po-
tential for inconsistency in requirement definitions, stating, "Developers could lead
to inconsistency in their requirement definition because there will be several people
working on the same set of requirements, and also because developers often are not
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requirement experts." This pointed out the risks associated with multiple contrib-
utors, especially those lacking expertise in requirement engineering. Additionally,
Participant 8 emphasized the critical importance of high-quality requirements for
ensuring clarity across cross-functional teams, noting, "And moreover, it is impor-
tant to have good quality requirements so that everyone is able to understand the
current state of the project when there are cross functional teams working on it."
Participant 4 also commented on the process complexity due to the involvement
of many people, "And that is a very lengthy and and complex process because
many people are involved", this reflects broader coordination challenges inherent in
large-scale agile projects. These insights, derived from both the literature and the
workshop discussions, place emphasis on the challenges of integrating ISO 26262
compliance with agile methodologies, particularly in terms of managing required
work products.

5.2.2 Solution Suggestion

To enhance documentation management, coordination, and representation of roles
within agile environments, we proposed integrating BOMI in T-Reqs. This approach
draws on insights from the work of Wohlrab et al., emphasizing the importance of
shared work artifacts, also known as boundary objects, in fostering collaboration
across different agile teams [16].
By incorporating BOMI into T-Reqs, we can effectively trace, visualize and manage
these shared boundary objects that are being shared by different teams. This inte-
gration will also facilitate the clear representation of roles, team affiliations (referred
to as Methodological Islands), governance structures, and driving factors.
This integration aims to eliminate ambiguity regarding the ownership and respon-
sibilities of individual artifacts, thereby promoting better understanding and coop-
eration among developers and stakeholders.

5.2.3 Solution Implementation

During the implementation phase of the BOMI TTIM (Type and Trace Information
Model) for T-Reqs, we delved into the YAML syntax and its application in defining
the model’s structure and relationships. YAML, standing for "YAML Ain’t Markup
Language," is a human-readable data serialization language designed for configura-
tion files and data exchange between languages with different data structures. Its
simplicity and readability, coupled with its flexibility in representing complex data
structures, made it an ideal choice for defining the TTIM.
The diagram below illustrates the BOMI TTIM and the primary elements of the
metamodel.
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Figure 5.6: The new TTIM based on the BOMI metamodel
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The TTIM file begins with metadata specifying the name, version, description, and
authors of the model. This metadata is crucial for tracking the evolution of the
model and attributing contributions. Following the metadata, the core of the TTIM
is defined through a series of type definitions, each encapsulating a specific entity
within the BOMI Metamodel. These entities include Boundary Objects (BOs),
Methodological Islands (MIs), Governance Teams, Roles, and Drivers, each with its
own set of attributes and relationships.
Boundary Objects are defined with links to Methodological Islands, indicating their
role in bridging gaps between different working methodologies. Methodological Is-
lands themselves are defined without explicit links, signifying their autonomy but
also their potential connections through shared boundary objects. Governance
Teams are linked to Boundary Objects, highlighting their governing role over these
artifacts. Roles are further detailed, linking them to both Governance Teams and
Methodological Islands, reflecting their multifaceted responsibilities within the sys-
tem. Finally, Drivers are linked to Methodological Islands, emphasizing the driving
forces behind different working methodologies.
Following the successful creation of the BOMI TTIM (Type and Trace Information
Model), our next objective was to specify certain work artifacts as ’boundary objects’
within a sample T-Reqs project.
The figure below shows an instantiation of a T-Reqs element, specifically a Boundary
Object.

Figure 5.7: Instantiating a T-Reqs element with the new TTIM

In the depicted scenario, an Impact Analysis Report is labeled as a Boundary Object.
This designation signifies its role as a shared resource that can be utilized by various
teams, thereby promoting collaboration and knowledge sharing.
The figure also demonstrates the establishment of a link to a Methodological Island
(MI) that shares the artifact.
The <treqs-link> tag specifies a relationship between the Boundary Object and a
Methodological Island, utilizing the type="coordinatesBetween" attribute to indi-
cate the nature of their interaction. The target attribute then provides the unique
identification(UID) of the Methodological Island, establishing a direct connection
between the two entities.

5.2.4 Solution Validation
Building upon the foundational work of the BOMI creators on ISO 26262 Part 2
[35], we embarked on a detailed implementation of a sample project with workitems
and defined roles as required by ISO 26262 Part 2. This involved defining the
roles involved in a sample project, specifying the boundary objects required by the
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standard (such as the Impact Analysis Report, Item Level Modification Report,
etc.), and defining sample methodological islands (representing different teams).
The figure below shows the already existing BOMI model of ISO 26262 Part 2 that
was used to help validate our implementation in this stage.

Figure 5.8: BOMI Model of ISO 26262 Part 2

Once the project’s components were defined as T-Reqs elements, we proceeded to
autogenerate a UML (Unified Modeling Language) diagram from Treqs based in this
new TTIM.
This autogenerated UML was used to mainly assess the effectiveness of the new
BOMI TTIM. Specifically, it aimed to validate the tool’s capability to capture all
defined roles, drivers, governance teams, methodological islands, boundary objects,
and most importantly, establish the correct links between these elements.
The figure below shows the relationships and dependencies within our project, pro-
viding a clear and accessible overview within T-Reqs. This visualization not only
aids in the internal comprehension of the project but also serves as a valuable refer-
ence for external stakeholders, ensuring transparency and alignment with industry
standards.

Figure 5.9: A T-Reqs autogenerated uml diagram showing traceability between
artifacts using the BOMI TTIM
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5.2.5 Solution Evaluation
During the evaluation stage of this iteration, our main goal was to ensure that
the new TTIM based on BOMI and its application in T-Reqs accurately reflected
the complexities and requirements of system development projects, especially those
subject to ISO 26262.
We began by presenting the BOMI TTIM to our participants in Workshop 1, detail-
ing its structure and the rationale behind its design. This included an explanation of
how the TTIM was structured and how Treqs elements can be created with the new
TTIM types, "boundaryObject", "role", "methodologicalIsland","governanceTeam"
and "driver".
Following this introduction, we moved on to demonstrate the instantiation of the
BOMI model for ISO 26262 Part 2 within a hypothetical project. This involved
showing the autogenerated UML diagram from Treqs, which depicted the boundary
objects, roles, teams, and governance structures involved in the sample project.
The UML diagram also served as a visual aid, helping participants understand the
relationships and dependencies between different parts of the project. It highlighted
how the BOMI model could be applied in real world T-Reqs enabled projects to
manage and coordinate activities in line with ISO 26262 standards, ensuring that
all aspects of the project were aligned with functional safety requirements.
Post-presentation, we facilitated a dialogue session, encouraging participants to offer
feedback on the UML diagram and the methodology for implementing the BOMI
TTIM within T-Reqs. This interactive engagement permitted us to collect firsthand
insights from those most affected by our initiatives, ensuring that our proposals were
both pragmatic and efficacious.
A noteworthy observation from Participant 1 highlighted the utility of mapping
multiple roles and boundary objects, suggesting it could serve as a valuable resource
for auditing purposes or even prior to audits. They also acknowledged the challenges
faced in adapting the BOMI meta-model to Eclipse, indicating a need for comparison
and consideration of alternative representations. While concerns were raised about
the graphical models’ limitations, it’s important to note that they were primarily
attributed to the current version of T-Reqs and its constraints. Our future work
will address these issues by incorporating association classes, which were identified
as essential for expressing complex relationships and dependencies more effectively.

5.3 Iteration II
Our primary objective for this iteration was to explore methods for optimizing T-
Reqs to enable automated compliance checking for ISO 26262, leveraging the newly
introduced BOMI TTIM.
During this phase, our concentration was on the representation, tracing, and com-
pliance verification of boundary objects defined in the project scope from the BOMI
TTIM. This focus was guided by the principal requirements outlined in the "work
products" sections of ISO 26262 Part 6, which emphasize the importance of tracing
to these deliverables as evidence in achieving compliance.
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5.3.1 Problem Investigation
We embarked on an investigation phase following the feedback gathered from the first
workshop and the analysis of existing traceability and compliance tools. Firstly, we
analyzed the feedback from the workshops, focusing on the areas where participants
expressed confusion or requested further clarification. This involved reviewing the
UML diagrams, the BOMI TTIM implementation, and the approach to integrating
ISO 26262 standards into T-Reqs. The insights gained from this analysis helped us
identify specific areas for improvement and refinement.
Next, we investigated existing traceability and compliance tools available in the
market. This investigation aimed to understand the current state of technology and
identify any tools that could complement our solution or offer alternative approaches
to achieving our goals. By comparing these tools with our proposed solution, we
were able to highlight the unique advantages of our approach and identify potential
synergies.
Our last step for problem investigation phase for this iteration involved an interview
with a requirements engineer at Ericsson. The interview lasted for about an hour
and provided valuable insights into the challenges faced in ensuring compliance with
standards, particularly in the context of managing and updating documentation
across large projects. Below are key highlights from the interview:
On the Complexity of Compliance Documentation: "We are compliant with
the entire text here, except we have kind of like one exception and it’s something
in here we don’t support or something like that and we have to do that for all their
paragraphs in all of that specification like in the entire standard. So there are a few
100 documents. Or a few 100 pages each. Uh, but that we have to to provide the
specific statements."
Regarding the Manual Nature of Compliance Checks: "Yeah, well, uh, it’s
a lot pretty much, uh. So it becomes very complicated and it’s easy to like miss
something and so on. So that’s an issue and it requires a lot of work."
"There is standard and it’s always an issue when a standard is updated, you have
to go through and then add changes and so on and we have to analyze that changes
again. So it’s quite a lot of work also to do that."
"And in in addition, all our standards are like in PDF or word format and so on. So
it’s a bit like annoying to like see the changes and so on. It’s not very like friendly
format to like automate and extract information automatically."
Impact on Team Performance and Dynamics: "Um, yeah, absolutely. because
it’s the the responsibility of our agile teams as well to update if they make a change
like affecting that specific functionality and we have some problem. We have some
general system managers that are the main response. So the teams can can always
ask the general system managers have for guidance and input as well. But on the
other hand, the general system managers are not often available. So they can be
quite hard to get hold of. So there is another challenge."

5.3.2 Solution Suggestion
Based on the findings from the investigation phase, we proposed a revised solution
that aimed to enhance the representation of ISO 26262 standards within T-Reqs
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and establish a clearer and automated traceability between the work artifacts and
required work products of the standard.
We decided to use the BOMI TTIM as a blueprint for establishing links between
the various work artifacts involved using the "boundaryObject" type defined.
Due to the current version of TReqs limitations, assessing external files wasn’t possi-
ble. So we planned to describe the standard in markdown within TReqs to facilitate
direct trace links.
This markdown document would serve as a central repository for all relevant in-
formation about the standard, including its requirements, applicable artifacts, and
the roles and responsibilities of different teams. By structuring this information in
a such format, we hoped to improve clarity and ease of access for all stakeholders
involved in the project.

5.3.3 Solution Implementation

In this implementation phase, we developed a revised solution that aimed to enhance
the representation of ISO 26262 standards within T-Reqs and establish a clearer
traceability between artifacts and the represented standard using the types defined
in the new BOMI TTIM.

Figure 5.10: Representation of ISO 26262 Part 6 in markdown

Figure 5.11 below illustrates the specification of a trace link for a sample software
development environment documentation in a sample project. This figure provides a
visual representation of how specific artifacts(boundary objects) are shared between
teams. This document, required by the ISO 26262 Part 6 Clause 5 is linked to
the exact section in the standard. This linkage not only facilitates bi-directional
traceability and tracking of compliance but also supports the ongoing assessment
and improvement of the project’s adherence to the standard.
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Figure 5.11: Specifying trace link of software development environment documen-
tation in sample project.

5.3.4 Solution Validation

To assess the validity of our solution, we conducted a series of compliance checks in
a sample project using the newly implemented methodology. The results of these
checks were analyzed through log outputs and exported as PDF documents for thor-
ough examination. The log outputs provided developers with clickable links to the
fulfilled artifacts and the specific clauses of the ISO 26262 standard that they cor-
responded to. This feature was designed to streamline the process of identifying
unfulfilled requirements, allowing developers to quickly navigate to the relevant sec-
tions of the standard’s Markdown document to determine the actions needed to
achieve compliance.
The clickable links embedded in the log outputs served as a direct pathway to the
standard’s documentation, significantly enhancing the usability and effectiveness of
the traceability mechanism. By providing immediate access to the necessary infor-
mation, developers could efficiently identify and rectify any discrepancies between
the project’s artifacts and the ISO 26262 standard’s requirements. This approach
not only facilitated a more accurate and timely compliance check but also empowered
developers with the tools needed to actively contribute to the project’s adherence
to the standard.

Figure 5.12: Compliance check results exported to pdf
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5.3.5 Solution Evaluation

In the final phase of Iteration II, we presented the compliance checking implemen-
tation made possible with the BOMI TTIM to a workshop, similar to the one con-
ducted in the first iteration. This presentation included an overview of the changes
made based on the feedback and investigation, along with demonstrations of the new
methodology for representing ISO 26262 standards and establishing bi-directional
traceability between the work artifacts and the standard’s requirements.

During the workshop, several participants provided valuable feedback regarding the
compliance checking implementation facilitated by the BOMI TTIM. Participant 6
highlighted the tool’s potential for improving coordination and traceability, stating,
"I think this tool that you created is really nice because then people could go back
and forth... Especially if you add like stakeholders or roles responsible, then you also
know like whom to contact when looking in the standard itself and also the prod-
ucts themselves." This feedback highlighted the importance of clear responsibility
assignment in compliance processes.

Participant 2 raised concerns about the manual interpretation of standards, noting,
"It depends on like a manual like interpretation of the standard... So it’s probably
a bit harder for those higher standards" This comment emphasizes the challenge of
accurately interpreting and applying high-level standards across different contexts
and teams.

Participant 4 suggested exploring the integration of Git history to enhance the gov-
ernance aspect of the compliance checking process, mentioning, "Since T Rex is
implicitly git connected, you get a lot of history and process information poten-
tially... There could be merge requests that could be reversed that could give you
some indication of the governance activities." This idea opened up possibilities for
leveraging git version control systems to support compliance efforts.

Overall, the feedback received during the workshop highlighted the potential benefits
of the proposed solution for enhancing compliance checking and coordination among
teams. However, it also pointed towards areas for further exploration, such as the
integration of Git history for governance insights, the challenge of interpreting high-
level standards and the representation of roles responsible for required artifacts.
These insights will guide the next steps in refining and expanding the capabilities
of the compliance checking implementation.

At the end of the presentation a survey was sent out to participants with some
questions regarding their perceptions and experiences with the proposed compli-
ance checking solution facilitated by the BOMI TTIM within TReqs. The survey
aimed to gather quantitative and qualitative feedback to assess the tool’s effective-
ness, identify areas for improvement, and gauge its potential impact on systems
development processes. Results from the survey are shown in Figure 5.13 below,
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Figure 5.13: Survey Results from Iteration 2

5.3.5.1 Survey Findings:

Perceived Benefits of Incorporating BOMI into TReqs: A significant ma-
jority (80%) of respondents saw definite benefits in incorporating BOMI into TReqs
for enhancing coordination processes in systems development. This was further
supported by an equal percentage recommending this integration to other teams
working on TReqs-enabled projects, highlighting the perceived value and potential
widespread applicability of the solution.
Adequacy of Information Captured: When assessing the adequacy of infor-
mation captured from the BOMI model by TTIM, a combined 60% of respondents
found it to be adequate. This suggests that the current implementation effectively
captures the necessary details for compliance checking, although there is room for
improvement as indicated by the 40% who found it somewhat adequate.
Efficiency of Compliance Checking Methods: 60% of respondents found the
proposed approach for compliance checking by tracing standards’ work products to
systems development project artifacts within TReqs very efficient.
Feedback on Compliance Results: The majority (80%) of respondents were
satisfied with the adequacy of information captured in the compliance results, rang-
ing from adequate to extremely adequate. This positive reception validates the
effectiveness of the compliance checking process.

5.4 Iteration III
During Iteration 3, the focus was primarily on enhancing the tool’s effectiveness in
representing roles and responsibilities within compliance results. To this effect we
utilized the "role" of the BOMI metamodel with it’s attributes defined in the TTIM
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and still focused on Part 6 of ISO 26262.

5.4.1 Problem Identification

Through analyzing the outcomes of Iteration II, it became evident that while the
tool successfully facilitated compliance checking and coordination among teams,
there was room for improvement in how roles responsible for specific work artifacts
were communicated within the compliance documentation. The challenge lay in
ensuring that stakeholders could easily identify who was accountable for fulfilling
certain standards, thereby streamlining the process of addressing non-compliance
issues.

5.4.2 Solution Suggestion

To address this identified problem, a solution was proposed that involved integrating
explicit indications of roles responsible for work artifacts directly within the defined
standard documents. Specifically, under the section detailing required artifacts, a
TReqs element with the BOMI based TTIM type "role" would be added to denote
which roles are accountable for those artifacts. This approach was designed to offer
ease of access and enhanced clarity to stakeholders involved in compliance checking
processes. By doing so, in instances where a standard was not fulfilled, stakeholders
could swiftly navigate to the specific clause from the log output. Right under the
work products section, they would find a TReqs element indicating the responsible
roles. If these roles had been previously defined within the system, they would auto-
matically appear in both the log and PDF reports generated by the tool, facilitating
immediate action towards compliance. The ISO 26262 standard, particularly Part
6, does not explicitly define roles responsible for compliance because it leaves this
task to compliance officers or project managers to denote roles. This approach al-
lows for flexibility in implementation across different companies and project types,
recognizing that organizations may have varying structures and roles.

5.4.3 Solution Implementation

In the implementation phase of this iteration, we developed methodologies to track
roles associated with each required work product in the selected standard directory.
To facilitate this, roles were defined within the standard documents according to
the BOMI TTIM type "role". This approach leveraged the existing framework of
the BOMI TTIM to categorize and manage roles systematically. By utilizing the
"role" type, we ensured consistency and compatibility with the broader BOMI model,
allowing for seamless integration of role definitions into the compliance checking tool.
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Figure 5.14: Adding roles to required work products

Subsequently, our implementation was modified to recognize and record the roles
defined in the standard documents. Through this modification, the tool became
capable of identifying and associating roles with their respective responsibilities for
work products, thereby enriching the compliance check results with critical account-
ability information.
With the enhanced tracking capability in place, the next step was to append this
role information to the compliance check results. This was achieved by integrating
the role data into both the log outputs and PDF exports generated by the tool. In
the log outputs and pdf exports, roles associated with each work product were listed
alongside the compliance status, providing immediate visibility into accountability.

5.4.4 Solution Validation
To assess the validity of our improved solution, we added some sample roles to our
hypothetical project and run a series of compliance checks. The results of these
checks were analyzed through log outputs and exported as PDF documents for
thorough examination. The log outputs provided developers with clickable links to
the fulfilled artifacts and the specific clauses of the ISO 26262 standard that they
corresponded to including the newly defined "role responsible" column. Figure 5.9
below shows a sample exported compliance check result.

Figure 5.15: Results from new compliance check methodology

5.4.5 Solution Evaluation
The final evaluation stage of this thesis focused on assessing the usability, function-
ality, and effectiveness of the compliance checking feature of T-Reqs for ISO26262
standards. A focus group for this evaluation consisted of two software engineers,
one software tester who were introduced to TReqs for the first time. It also included

47



5. Findings

one software engineering master’s student, and a DevOps engineer, who were very
familiar with TReqs. The participants were tasked with setting up TReqs, perform-
ing specific operations, and answering follow-up questions to gauge their experience
and understanding of the tool.

5.4.5.1 Evaluation Tasks Overview

Setup and Installation: Participants were required to install Python3, set up
a GitLab account, clone the TReqs repository, and install TReqs along with the
necessary dependencies. They needed to verify the installation by running treqs
and confirming the presence of the "compliance" option.

Creation of New Elements: Participants were instructed to create new TReqs
elements of types "boundaryObject" and "role", linking them appropriately to work
products under the predefined ISO26262 standard in T-Reqs.

Linking Roles to Work Items: Participants added "treqs link" elements with
type "responsibleFor" to newly created roles, targeting specific work items.

Evaluation of Fulfillment: Participants evaluated the fulfillment of required stan-
dard work products by tagging additional files as boundary objects and establishing
links to relevant work artifacts.

Compliance Checking: After completing the tasks, participants ran the "treqs
compliance" command, selected ISO26262, and verified the log output/PDF export
for the compliance check results showing the fulfilled/non-fulfilled work items and
roles responsible.

Following the completion of the tasks, participants were asked to answer a series
of evaluation questions designed to assess their overall experience with TReqs, in-
cluding ease of setup, clarity of instructions, usefulness of the tool in identifying
compliance issues, and suggestions for improvements. The results of these evalu-
ations provided valuable insights into the strengths and weaknesses of the compli-
ance checking feature, highlighting areas where the tool excelled and others where
enhancements could be made.

Figure 5.16 below shows the results from the evaluation.
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Figure 5.16: Results from artifact evaluation with focus group
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6
Discussion

In this section we discuss our outcomes from this study in relation to our research
questions.

6.0.1 RQ1: How can the integration of the BOMI meta-
model within T-Reqs enhance coordination and sup-
port compliance checking, and what role do boundary
objects play in this process?

The integration of the BOMI metamodel within T-Reqs has shown promising results
in enhancing coordination and supporting compliance checking. The use of bound-
ary objects as shared work artifacts fosters collaboration across different agile teams,
addressing the challenge of managing documentation and traceability in large-scale
agile projects. The BOMI TTIM also allows for the clear representation of roles,
team affiliations, governance structures, and driving factors, which are crucial for un-
derstanding and managing the complexities of large-scale projects. This integration
has tackled the need for visibility across teams, as boundary objects provide a shared
platform for all team members to see the current project state, task statuses, and
how different components relate to each other. This increased visibility helps teams
understand their work’s broader context and how it fits into larger project goals, re-
solving coordination challenges highlighted by Ghobadi’s study on cross-functional
software development teams [24]. The BOMI TTIM has also demonstrated its effec-
tiveness in supporting complaince checking by serving as a blueprint to define roles
responsible and tag required work items as boundary objects to enable the trace-
ability and compliance check processes. The results reduce ambiguity regarding
the ownership and responsibilities of individual artifacts, thereby promoting better
understanding and coordination among developers and stakeholders.

6.0.2 RQ2: How can T-Reqs be optimized to automate com-
pliance checking for ISO 26262 using BOMI, and what
are the benefits of this approach?

Optimizing T-Reqs for automated compliance checking for ISO 26262 using BOMI
has been successful in enhancing traceability and compliance management. The
introduction of a dedicated compliance folder with standards defined in markdown
format simplifies the process of updating and tagging required work products and
roles. This approach not only improves traceability but also ensures that compli-
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ance checks remain current and accurate. The benefits of this approach include
a more simplified automated compliance checking processes, which addresses chal-
lenges identified by Maro et al., such as purposeful traceability, cost-effectiveness,
value recognition, portability, trustworthiness, configurability, scalability, ubiquity
[29].

6.0.3 RQ3: How effective is the use of T-Reqs and BOMI
for automating compliance checking for ISO 26262 in
system projects, and what are the key factors that
contribute to their success or failure?

The effectiveness of using T-Reqs and BOMI for automating compliance checking
for ISO 26262 in system projects has been validated through iterative testing and
evaluation. The introduction of explicit indications of roles responsible for work arti-
facts directly within the defined standard documents has significantly improved the
clarity and accountability in compliance documentation.The compliance checking
feature, facilitated by the BOMI TTIM, has proven to be efficient and user-friendly,
as evidenced by the positive feedback from workshop participants and survey results.
The new artifact addresses identified challenges like integration with existing pro-
cesses, cross-functional collaboration, resource allocation, traceability maintenance,
and continuous compliance verification [25]. It also aligns Wohlrab’s findings on the
importance of traceability visibility across teams and efficient communication facil-
itated by traceable boundary objects [15]. However, areas for further exploration,
such as the integration of Git history for governance insights highlight ongoing op-
portunities for refinement and expansion of the tool’s capabilities.

6.1 Threats to Validity
Compliance Variabilities Across Standards: The effectiveness of the enhance-
ments to T-Reqs may vary depending on the specific standards being applied. While
the implementation should work well for standards that require detailed documen-
tation of workproducts as evidence for compliance and traceability, it may face
challenges with standards that do not mandate such extensive documentation prac-
tices.
Generalizability: The findings and enhancements to the T-Reqs tool may not
be universally applicable to all software development projects, as the effectiveness
can depend on the specific context, including the nature of the project, the team’s
familiarity with the tool, and the complexity of the system being developed.
Technical Dependencies: The study assumes that the integration of the BOMI
metamodel and the use of Markdown for representing ISO standards in T-Reqs will
be technically feasible and will not introduce new limitations or challenges.
Tool Limitations: The research is based on the current capabilities of T-Reqs and
the BOMI metamodel. Future updates or changes to these tools could affect the
applicability or effectiveness of the enhancements proposed.

52



7
Conclusions and Future Work

This study has effectively identified the challenges encountered in large-scale agile
development that impede coordination and adherence to standards. Insights were
gained through a comprehensive review of existing literature, alongside inputs from
workshops and an interview with industry professional. The study’s findings aim
to mitigate the labor-intensive manual compliance checks typically associated with
verifying fulfilled artifacts necessary for compliance. The improvements made to
the traceability tool T-Reqs has proven to help reduce the labor intensive by au-
tomating checks and traceability to these required work artifacts thereby improving
coordination, clarity and compliance in large scale agile system development.
association classes, which were identified as essential for expressing complex rela-
tionships and dependencies more effectively.

7.0.1 Future Work
Future work will build upon the foundation laid by this study, aiming to extend
the application of T-Reqs and BOMI to other standards similar to ISO 26262.
Examples of such standards include IEC 61508 for functional safety in electri-
cal/electronic/programmable electronic systems, ISO 9001 for quality management
systems, and ISO 27001 for information security management. The goal is to de-
velop a more versatile and adaptable tool that can cater to the needs of various
industries and regulatory frameworks.
Furthermore, future research will focus on enhancing the compliance results within
T-Reqs to include governance teams more comprehensively and the TTIM asso-
ciation classes for defining more complex relationships. This involves developing
mechanisms to capture and analyze feedback from developers and teams utilizing
the tool for their compliance check efforts. Engaging these users directly will pro-
vide invaluable insights into the tool’s strengths and weaknesses, paving the way for
targeted improvements.
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