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Abstract

Managing software quality within the automotive context is of importance as the
automotive industry is becoming increasingly software defined. Especially since the
recalls of vehicles have increased due to software defects. Furthermore, the theory
highlight challenges in defining what software quality is. This study thereby aims to
increase the understanding of how software quality is defined within the automotive
context, what quality management practices are important, and what factors impact
software development and quality. To address this, a qualitative case study was
conducted at a global software supplier to the automotive industry. The study
primarily focuses on development processes rather than the quality specification of
the final software product. The data collection was conducted through observations,
documentation reviews, and semi-structured interviews with 28 participants.

The study shows that software quality is perceived as multidimensional and context-
dependent, with emphasis on both technical and customer-experience aspects. The
study identified important automotive software quality attributes such as safety,
security, robustness, and reliability. The study identified important software quality
management practices, consisting of reviews, gates, testing, traceability, and
continuous improvement. However, the study also indicated ambiguities in the
understanding and application of software quality assurance and control. This lack of
a shared conceptual understanding creates difficulties in aligning responsibilities,
communicating quality expectations and improving processes. Finally, five main
factors were identified impacting software development and quality: process,
requirements, system complexity & dependencies, time and testing. These factors are
related to unclear requirements, fragmented processes, time pressure, and limited
testing capabilities that were recurring in the findings.

Keywords: Software quality, Software quality management, Automotive software
development, Software Quality assurance, Software Quality control, Software
Requirement
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1 Introduction

As vehicles have become mores software-defined, lines of code have increased,
making automotive Software (SW) and its development more complex for OEMs
(Ryu & Do, 2023; Wang et al., 2024). The increased complexity of automotive SW
has resulted in an increased number of safety accidents and recalls due to errors in the
SW (Ryu & Do, 2023). In 2018, in the US alone, 8 million vehicles were recalled due
to SW defects (Ayres et al., 2021). Broy et al. (2007) highlighted these challenges
early, noting that automotive SW could already consist of tens of millions of. Today,
automotive SW can exceed 100 million lines of code more than the Boeing 787
Dreamliner (6.5 million lines of codes) (Khamis & Goswami, 2025). Zhao et al (2025)
explain that development methodologies have also undergone changes enabling faster
and more frequent release cycles, in addition there is a demand for more advanced
functionalities, further increasing SW complexity.

Trovão (2024) emphasizes that safety is a prime concern within the automotive
industry, but also that quality is gaining a bigger focus to ensure reliable SW.
However, Green et al. (2024) highlight that SW quality is not easily defined. Zhao et
al. (2025) also highlights that achieving good SW quality is therefore not merely
desirable but essential to avoid the financial and reputational consequences of poor
SW quality. SW Quality Assurance (SQA) therefore becomes important in handling
increased SW complexity and ensuring high-quality SW (e.g., reliability, robustness,
and safety) (Zhao et al., 2025).

Challenges related to increasing SW complexity have also been expressed by the case
company, a global SW supplier to the automotive industry, delivering SW products
and services. Consequently, there is a need to better understand how SW quality is
perceived within the case company. Additionally, it is important to understand which
SW Quality Management (SQM) activities are carried out within the case company.
This increased understanding of SW quality perceptions and SQM practices is
important to support the delivery of high-quality SW to customers and to reduce the
risk of costly downstream consequences associated with poor SW quality.

1.1 Purpose

The purpose of this study is to increase the understanding of how SW quality is
defined at the case company and identify practices and factors impacting SW quality.

1.2 Research Questions

The following research question will be examined and answered within the
automotive SW development context.

1. How is software quality defined within the automotive context?
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2. What practices are important for automotive software quality management?
3. What factors impact automotive software development and quality?

1.3 Delimitations

This study will be delimited to investigate the SW development processes and
activities at the case company, thereby not looking into the quality specifications of
the final product. Due to time constraints, purposively chosen departments within the
case company and individuals were picked for interviews based on their expertise, as
it would not be feasible to interview all departments and individuals within the case
company. Instead, individuals with extensive knowledge about the development
activities and experience working with SW were picked for interviews to ensure
relevant and valuable information for the study.

1.4 Disposition of Thesis

The thesis's outline is structured in the following way.

Chapter 1 – Introduction; Introduce the reader to the topic, provide the reader with the
purpose of the study, research questions, and delimitations.

Chapter 2 – Theory; Provide the reader with relevant theory to give deeper insight
into the topic.

Chapter 3 – Methodology; Highlights how the study has been designed and conducted.

Chapter 4 – Results; Provides the reader with empirical findings of the study.

Chapter 5 – Discussion; Compare empirical findings with the literature and identify
connections or contradictions with the theory.

Chapter 6 – Conclusion; Will answer the research question, present limitations of the
study and discuss future research that may deepen the knowledge in the area.
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2 Theoretical framework

In this section, the theoretical background relevant to the research is presented. First, a
brief introduction to quality is provided. This is followed by an overview of the
foundations of quality management and its primary focus. Third, SW development
and development frameworks are discussed. Subsequently, SW quality and SW
quality management are addressed. Finally, automotive SW quality management is
introduced.

2.1 Quality

Quality is not an easily defined concept, and its underlying meaning can be defined in
various ways (De Giovanni, 2023; Solin & Curry, 2022). Garvin’s eight dimensions
of quality from 1987 have been influential in defining and specifying quality. These
dimensions include features, performance, reliability, conformance, durability,
serviceability, aesthetics, and perceived quality (De Giovanni, 2023). Two of Garvin’s
eight dimensions of quality that are relevant to this study are defined as follows (De
Giovanni, 2023, p. 311):

 Reliability: “this signifies the period during which the product offers high-
level performance without malfunctioning”.

 Performance: “This corresponds to the primary operational characteristics of
a product and implies the identification of a series of measurable attributes”.

 Conformance: “this is the ability of a product or service to meet specified
standards, considering the number and types of defects found in a product
during its life cycle and use”.

 Perceived quality: “This is the assessment of quality based on a series of
indirect measures”.

Perceived quality (PQ) further complicates the definition of quality because it is user
(customer)–based rather than based on product characteristics (Solin & Curry, 2022).
De Giovanni (2023) similarly highlights a shift in quality perception toward a stronger
customer focus, rather than internally defined quality dimension. Quality can
therefore be differentiated between “objective quality,” which is product-oriented and
can be verified by measuring performance against predetermined standards, and
“subjective quality,” which refers to how users respond to a product when interacting
with it (De Giovanni, 2023; Solin & Curry, 2022).

2.2 Quality management

Today’s business environment is increasingly competitive, and legislation also
influences how companies operate. This places greater pressure on organizations to
achieve high product quality. Quality Management aims to improve product quality
and enhance processes (Psarommatis & Azamfirei, 2024). Quality management can
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be described as a set of practices, procedures, and documentation that helps an
organization manage quality, forming the basis for a Quality Management System
(QMS). The objective of QMS is to continuously improve an organization’s products
and processes (Bozola et al., 2023). Quality management typically includes three key
procedures: Quality Improvement (QI), Quality Control (QC), and Quality Assurance
(QA) (Psarommatis & Azamfirei, 2024)

ISO 9001 is a frequently used foundation for organizations when developing a QMS
(Gremyr et al., 2021; Bozola et al., 2023). Gremyr et al. (2021) note that, at the time,
more than one million organizations had obtained ISO 9001 certification. Using ISO
9001 as a foundation when developing a QMS may have a positive impact on product
quality and process improvement (Gremyr et al., 2021).

While there are no predefined instructions or rules for how to develop and implement
a QMS, ISO 9001 may provide guidance (Bozola et al., 2023). In the automotive
context, the ISO/TS 16949 standard was updated in 2016 and renamed IATF 16949,
which can offer further guidance. It was developed as a complement to ISO 9001 and
specifies requirements across the different phases of automotive industry processes
(Bozola et al., 2023).

Gremyr et al. (2021) highlights that QMS has been criticized in academia for
hindering creativity, being disconnected from actual practices, and failing to provide
the intended support for quality improvement (QI). However, they also note that
academic research provides evidence that QMS can deliver benefits, such as improved
product quality and processes, and can support continuous improvements (Gremyr et
al., 2021).

2.2.1 ISO 9000 and ISO 9001

ISO 9000 (2015) establishes the fundamental concepts, principles, and vocabulary of
quality management. It aims to improve organizational understanding, thereby
increasing the likelihood that a QMS is implemented effectively and efficiently and
that its potential value is realized. Quality management is described as management
with regard to quality, including establishing quality policies, objectives, and
processes to achieve them. It also includes quality assurance, quality control, and
quality improvement. The relationship between QMS, QI, QA, and QC is illustrated
in Figure 2.1.
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Figure 2.1 Quality management system build up

According to ISO 9000 (2015), quality assurance, quality control, and quality
improvement are defined as follows:

“Quality assurance: part of quality management (3.3.4) focused on providing
confidence that quality requirements (3.6.5) will be fulfilled” (Clause 3.3.6,
p.14)

“Quality control: part of quality management (3.3.4) focused on fulfilling
quality requirements (3.6.5)” (Clause 3.3.7, p.14)

“Quality improvement: part of quality management (3.3.4) focused on
increasing the ability to fulfil quality requirements (3.6.5)” (Clause 3.3.8, p.14)

Requirements according to ISO 9000 (2015) is stated in the following way; “need or
expectations that is stated, generally implied or obligatory” (Clause 3.6.4, p.19).
Quality is described as the extent to which a product’s inherent characteristics meet
requirements. Quality requirements consider requirements in relation to quality.

QMS consists of activities aimed at identifying and establishing the objectives an
organization wants to achieve, as well as the processes and resources needed to
achieve them. It is important to understand the organization’s context, as it may affect
these objectives; for example, external factors such as legislation can have an impact.
Product quality is defined as an organization’s ability to satisfy customers’ and
stakeholders’ needs, while also considering perceived customer value. By establishing
a QMS, organizations can identify actions to address both intended and unintended
effects of their products (ISO 9000, 2015).

ISO 9000 (2015) outlines seven quality management principles that should be
considered. For the purposes of this study, six of these principles are of interest:
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customer focus, leadership, engagement of people, process approach, improvement,
and evidence-based decision making (ISO 9000, 2015). These six quality
management principles, and how they are defined in ISO 9000 (2015), are described
below.

Customer focus: As a foundational principle of quality management, organizations
need to meet customers’ requirements and should aim to exceed their expectations.
With this focus, organizations can attract and maintain customers’ and other
stakeholders’ confidence in both their products and the organization. Interactions with
external surroundings are therefore important for better understanding current and
future needs. This, in turn, influences an organization’s ability to sustain success over
time.

Engagement of people: To promote engagement within the organization, it is
important to empower and involve individuals, as this supports the organization’s
ability to create and deliver value. This can be achieved through, for example,
collaboration, knowledge sharing, and communication about individual contributions.
A potential outcome is improved understanding of the quality objectives and greater
motivation to achieve them.

Process approach: For organizations to better understand how results are delivered
through their processes and what is required to achieve them they need a clear
understanding of those processes. By mapping their processes, dependencies, and
building a system for how they should be managed; organizations can deliver more
predictable and consistent results. A better understanding of the system and how
outcomes are produced also enables the identification of improvement opportunities
and ways to enhance overall system performance.

Improvement: To maintain success over time, organizations need to focus on
improvement by continuously enhancing process performance. In addition to
sustaining success, improvement enables organizations to respond to new
circumstances arising from internal or external forces by adapting to potential risks
and opportunities. This can be achieved, for example, by encouraging improvement
objectives at different levels within the organization. In this regard, it is important that
personnel have the necessary knowledge and tools to achieve these objectives. Finally,
by assessing improvement projects from planning to results through tracking progress
and conducting reviews organizations can evaluate the impact of these initiatives.

Evidence-based decision making: Decision making is not always straightforward and
can be influenced by personal perspectives. Decisions based on data that have been
analyzed and evaluated are more objective and increase the likelihood of achieving
the desired result. Data are therefore important; as stated in ISO 9000:2015,
organizations should “determine, measure and monitor key indicators to demonstrate
the organization’s performance” (Clause 2.3.6.4, p. 8). Additionally, it is important
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for the organization to ensure confidence in the data’s reliability and accuracy, as well
as its availability to relevant personnel.

The ISO 9000 (2015) standard provides guidance rather than instructions on how to
implement a QMS. Each organization’s QMS will have its own characteristics
because organizational contexts vary; therefore, it needs to be flexible and adaptable
to the specific context. An important aspect is to define the organization’s processes,
the activities within those processes, and how these should be measured, as they form
the foundation for how organizations deliver results. Doing so also enables
organizations to identify process improvements (ISO 9000, 2015).

ISO 9000 (2015) highlights that the fundamental concepts and principles of quality
management can provide valuable insights for organizations on how to develop a
QMS. When planning a QMS implementation, organizations can use guidance from
ISO 9000 together with the requirements of ISO 9001. In addition, a QMS is not static;
it is an iterative process as organizations gain new knowledge and circumstances
change (ISO 9000, 2015).

It is therefore important to monitor and measure not only the processes, but also the
QMS itself, to assess its performance. Auditing is a tool organizations can use to
evaluate the effectiveness of their QMS, identify risks, and determine the extent to
which requirements are fulfilled. By collecting data, organizations create a basis for
decision making, enabling them to correct the QMS if performance is unsatisfactory
or to further improve it (ISO 9000, 2015).

ISO 9001 is built upon the same quality management principles introduced in ISO
9000, but it differs in its use of the term “shall,” which indicates a requirement that
organizations must fulfill (ISO 9001, 2015). For example, under customer focus, it
states: “Top management shall demonstrate leadership and commitment with respect
to customer focus by ensuring that: a) customers and applicable statutory and
regulatory requirements are determined, understood and consistently met;” (ISO
9001, 2015, Clause 5.1.2). Organizations that adhere to these quality management
standards, fulfill the requirements in ISO 9001, and undergo auditing may be granted
ISO 9001 certification (Cândido, 2024).

2.3 Software development

SW development is described as organized engineering activities that transform
customer and business needs into SW through a set of technical and management
processes (ISO/IEC/IEEE 12207:2017). These processes are commonly understood as
structured progression from initial SW planning throughout its lifecycle, including
post-release maintenance (ISO/IEC/IEEE 12207:2017). Refer to Figure 2.2 below,
SW development is not limited to coding but a sequence of activities including
planning, requirements analysis, architecture/design, implementation, integration and
testing, deployment and maintenance working together, while also emphasizing
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supporting processes such as quality management, configuration management,
verification, and validation (ISO/IEC/IEEE 12207:2017).

Within the automotive context, Vogelsang (2020) highlights that automotive SW is
decomposed into various vehicle domains. These domains consist of groups of
subsystems that are built up by features delivering various SW functions. Previously,
organizations tried to keep features independent, but today features are becoming
increasingly interconnected to deliver innovative functionalities. As the business
landscape becomes more competitive, there is a greater focus on short-term aspects,
such as the delivery of features, rather than long-term aspects, such as the
maintainability of the SW. The author concludes that current practice still treats
features in isolation rather than as interconnected, which is no longer the reality of
today’s SW-defined vehicles. These dependencies pose challenges for automotive SW
development, affecting requirements specification, system integration, and testing
(Vogelsang, 2020).

To ensure consistency and avoid ambiguity, this thesis applies a consistent “SW
component” prefix to represent all abstraction levels as described by ISO/IEC/IEEE
12207 (2017). Accordingly, the SW hierarchy is represented as SW system → SW
elements → SW components → SW units. The SW system refers to the complete
SW system, SW elements refer to high-level parts of the SW system, SW components
refer to architectural or design-level parts, and SW units refer to the lowest-level
implementable and testable parts (ISO/IEC/IEEE 12207, 2017).

r

Figure 2.2 Software Development Lifecycle

At the early phase of SW development, typically referred to as requirements stage,
customer and other stakeholders' needs are translated into SW technical requirements
(ISO/IEC/IEEE 12207:2017). Abrahão et al. (2024) explains the importance of
requirements, as an enabler in understanding stakeholders’ needs and ensuring quality
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attributes. Good SW requirements are expected to be correct, clear, feasible, testable,
and traceable (ISO/IEC/IEEE 12207:2017). Palomares et al. (2021) identify two
predominant challenges in requirements elicitation; (1) understanding and prioritizing
the needs of diverse stakeholders, (2) requirement instability, referring to changes
arising from evolving needs and shifting priorities. Atoum et al. (2021) emphasizes
the importance of analyzing and validating requirements, as initial requirements are
often written down in natural language. Tan et al. (2017) highlights that while not
necessarily in the context of SW development, changes to requirements become
increasingly costly when performed at later stages of product development. However,
the SW context is emphasized, where late bug detection inherent bigger associated
costs (Tan et al., 2017). Previous research has identified requirement development as
a source of SW failures because of “inconsistent” or “hidden” requirements (Atoum et
al., 2021).

Habibullah et al. (2024) highlight that requirement specifications are a significant
source of quality risk in complex and safety-critical contexts such as automotive. This
is particularly important because downstream verification and assurance activities
depend on clear and traceable links between requirements, design, implementation,
and tests (Habibullah et al., 2024; Maro et al., 2018). This is further emphasized by
Abrahão et al. (2024), who highlight the importance of testing in assessing whether
requirements and quality standards are met. While requirements and testing are
important, organizations have a hard time realizing this in practice, especially in the
context of complex SW systems (Abrahão et al. 2024).

The Architecture and design stage defines the SW structure, interfaces, technical
constraints, and SW component responsibilities through which SW requirements will
be implemented (ISO/IEC/IEEE 12207:2017). Vogelsang (2020) therefore explains
good SW architecture is not only a translation of requirements into SW components
and interfaces; it also needs to manage dependencies and balance important system
qualities such as modifiability, maintainability, and complexity in ways that support
the evolution of automotive SW systems. Furthermore, dependencies possess
challenges and must be considered on system level rather than only SW component
level, as otherwise the full dependency and interaction within the whole system is not
understood (Vogelsang, 2020)

During the implementation, the focus shifts to realizing the requirements, architecture,
and design by developing SW components that fulfil part or all the customer needs
(ISO/IEC/IEEE 12207:2017). The implementation is carried out through appropriate
technical disciplines, specialties, and programming languages. (ISO/IEC/IEEE 12207,
2017) also highlights that these realized SW components which form part of the larger
functionality are integrated together according to the architecture design to fulfil the
requirements accordingly. During this stage, test activities are also carried out to
identify and fix anomalies in the implemented SW component before deployment
(ISO/IEC/IEEE 12207, 2017).
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The SW development lifecycle combines various roles and responsibilities to achieve
the right outcomes of functionality and quality (ISO/IEC/IEEE 12207, 2017). In
practice, SW teams include roles that cover requirements, architecture,
implementation, integration, testing, project coordination, and quality assurance
responsibilities (ISO/IEC/IEEE 12207, 2017). In safety and regulated industries such
as automotive, safety and cybersecurity expertise are typically included (Li et al.,
2024)

2.3.1 Software Development Life Cycle (SDLC) Models – Waterfall,
Spiral, V-model, etc.

SDLC models help structure and organize these SW development lifecycle stages
depending on context-specific factors such as requirement stability, technological
risks, and regulatory constraints (ISO/IEC/IEEE 12207, 2017; Pavlíčková et al., 2024).
Waterfall, Spiral, Iterative, RAD, Z, AZ, and V-model are among the popular model
choices over the years (Alam et al., 2022; Pavlíčková et al., 2024).

The V-model is designed to support quality-focused SW development because it pairs
development activities with corresponding verification and validation activities
(Pavlíčková et al., 2024). The V-model is depicted in Figure 2.3, SW requirements
are linked to SW acceptance or qualification testing, architectural design to SW
integration testing, and implementation to unit testing (Pavlíčková et al., 2024). These
direct connections between SW development activities, testing and verification
supports traceability and consistency which makes the V-model attractive to regulated
and safety-critical contexts (Pavlíčková et al., 2024; Maro et al., 2018).

Figure 2.3 V-Model (Adapted from Pavlíčková et al., 2024)

The V-model is relevant in automotive SW development because while the model
also supports iterations and adaptation, it focuses on quality and auditable evidence
across every stage of the development which is important as it otherwise may lead to
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bad consequences (Maro et al., 2018). (Trovão, 2024) strengthens this by stating that
bad SW quality can result in consequences such as recalls, reputational damage or
safety incidents.

According to Pavlíčková et al. (2024), the evolution of SDLC models reflects the
increasing complexity of SW development projects requiring more structured
planning, communication, and quality processes. Supporting this understanding, Lee
et al. (2021) stated that the choice of SW development processes should be based on
the dynamic characteristics of the project including scale, complexity, and delivery
conditions. Also, (Pavlíčková et al., 2024) show in their study that models can be used
in hybrid forms to improve quality outcomes in regulated environments. Together,
these studies highlight that the choice and effectiveness of a SDLC model depends on
the factors discussed above with the inclusion of coherence between assumptions and
practices.

2.3.2 Software quality
Green et al. (2024) highlight that SW quality is hard to define and may be interpreted
differently across roles. For example, managers may view it from a customer
perspective, while SW developers may associate it with code quality. Nabot and Al-
Qerem (2025) define SW quality as a system’s ability to operate as intended and meet
customer expectations, reflected in attributes such as usability, reliability,
performance, and robustness. ISO 25010 (2023) defines reliability as a SW product’s
ability to operate under specified conditions for a defined period without failure.
Performance refers to its ability to fulfil intended functions within a given time frame
and with efficient resource usage. Usability concerns the extent to which users can
interact with a product effectively, efficiently, and with satisfaction (ISO 25010,
2023). Robustness is a system’s ability to operate correctly under unexpected or
stressful conditions, making it important for achieving high system dependability
(Shah et al., 2016).

Green et al. (2024) highlight that, due to the challenges of defining SW quality and
the differing perceptions of what it entails, measuring SW quality is also difficult, as
there is unlikely to be consensus on how it should be measured or improved. They
identify four components that affect SW quality: process quality, code quality, system
quality, and product quality, as well as the relationship between these four aspects
(Green et al., 2024). These four components and their relationship are depicted in
Figure 2.4.
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Figure 2.4 Components impacting software quality

Green et al. (2024) highlight that process quality acts as the foundation in achieving
good quality outcomes; activities may include established code reviews,
comprehensive planning, and organizational consistency. ISO/IEC/IEEE 12207 (2017)
further expands the topic by emphasizing consistency and traceability between
development stages, reviews, streamlined verification activities being necessary for
sustainable code, system and product quality. Good process quality impacts code
quality, and there is also an indication that measuring the processes helps in predicting
potential product quality issues compared to code quality metrics (Green et al. 2024).
This is strengthened by Majumder et al. (2022)’s large-scale analytic study using
722,471 commits, concluding that process metrics are better at predicting defects than
product (code) metrics.

Börstler et al. (2023) explain that code quality is a key component of SW
development and that several guidelines and frameworks exist for writing “good
code.” They identify readability, structure, comprehensibility, and documentation as
the four most common terms used to define code quality (Börstler et al., 2023). Green
et al. (2024) likewise highlight maintainability as a central aspect of code quality,
with testability, comprehensibility, complexity, and readability contributing to
maintainable code. ISO 25010 (2023) describes maintainability in terms of how
effectively and efficiently SW can be modified. Readable and maintainable code
enables developers who did not originally write it to understand it and make changes,
thereby improving development efficiency and product quality (Green et al., 2024).

Green et al. (2024). Explains that system quality considers both business and
operational (development) perspectives. There may be a disconnect between
developers and managers in how SW quality is perceived. Developers tend to focus
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on process efficiency and code quality, while managers often emphasize overall
product quality. As a result, improvement requests for the SW may be interpreted
differently. For example, managers may request enhancements to improve product
quality and customer satisfaction, whereas developers may interpret these requests
primarily from a code- and implementation-focused perspective (Green et al., 2024).

System quality refers to SW quality attributes such as reliability, performance,
security, and low defect rates. However, due to the limited availability of data on
system-level quality, process quality and code quality can be used as proxies for
assessing overall system quality (Green et al., 2024). Similarly, Izurieta et al. (2024)
highlight measurable proxies such as cyclomatic complexity for maintainability or
failure rate for reliability, helping translate abstract quality attributes into actionable
insights. According to Green et al. (2024), using such indicators enables management
to make informed corrections to development processes, supporting developers'
efficiency and overall SW quality. While system quality is important, impacting user
experience, brand reputation and operational cost, it is not guarantee of product
quality, as customer perceptions of usability and utility also have an impact (Green et
al., 2024).

2.4 Software quality management

Software quality management (SQM) refers to the coordinated organizational,
managerial, and technical activities that ensure SW quality is defined, governed, and
improved throughout the entire SDLC instead of only testing at the end stages
(ISO/IEC/IEEE 12207, 2017). ISO/IEC/IEEE 12207, (2017) presented quality
management processes and practices including quality assurance, quality control,
verification, validation, configuration management, problem management, reviews,
gates, audits among others as SDLC integral processes and practices.

In addition, since SW quality management depends on the coherence between the
development processes, process fragmentation could become a major quality risk
(Giachetti et al., 2024; Moe et al., 2021). Giachetti et al. (2024) highlight that
successful adoption of quality standards and processes is often complex, and requires
knowledge that is often missing, poorly documented, and unevenly distributed.
Formal quality processes and expectations may exist at high levels of governance, but
if operational practices and processes remain fragmented across projects, teams, and
roles, it may cause inconsistent quality outcomes (Moe et al., 2021).

Moe et al. (2021) further highlight that in large-scale development organizations,
team autonomy without sufficient organizational alignment and process governance
may result in uneven process control and additional coordination efforts. Bjarnason et
al. (2022) explains SW development as unpredictable, where unexpected issues can
surface during various stages of the development, which must be delt with as they
occur instead of awaiting management. Especially in circumstances where teams have
autonomy over their working practices. Thereby collaboration and communication
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between teams comes of importance through both formal and informal channels
(Bjarnason et al., 2022).

Boiral (2007) provided a complementary organizational explanation for why this
process fragmentation exists even when there are formal and centralized processes.
They highlight that employees often have only a “vague understanding” of the
standards and central processes and are “seldom involved” in their implementation,
giving a feeling the processes are not theirs, hence contributing to the gap between
formal routines and daily practice (Boiral, 2007).

Furthermore, effective SW quality management is also closed tied to planning as
empirical research shows that time pressure due to poor scheduling practices
systematically shapes developer behavior and quality outcomes (Kuutila et al., 2020).
While they argue that time pressure can have positive effects such as increased
efficiency in the short term, the negative effects are often highlighted as long-term
time pressure reduces quality of outcomes and reduces time for process and SW
product improvements (Kuutila et al., 2020). Maintaining balance and applying the
right management approach could yield preferred results; however, commercial
pressure and operational realities continue to prove difficult (Kuutila et al., 2020).

Therefore, SQM is understood as a governance and coordination capability rather than
only a technical one. Beyond only downstream verification, it requires aligning SW
development processes and practices to quality standards including organizational and
administrative aspects such as planning, governance, and coordination.

2.4.1 Software Quality Assurance (SQA)

Software Quality Assurance (SQA) can be understood as the process-centered and
proactive arm of SQM; it is concerned with meeting defined SW quality expectations
through streamlined development processes with adequate organizational control,
resulting in quality SW outcomes (ISO/IEC/IEEE 12207, 2017). Practically, this
includes process definition, standard adoption, reviews, configuration discipline,
training, defining quality decision gates and risk criteria, to detect risks early before
they become downstream failures (Giachetti et al., 2024; ISO/IEC/IEEE 12207, 2017).

Reviews are understood to be an important SQA practice because they contribute
expert judgement to the verification of SW work products (McIntosh et al., 2016).
They further highlight that a stronger review coverage and participation have been
proven to increase the likelihood of better SW quality outcomes (McIntosh et al.,
2016). However, as highlighted by Kudrjavets & Rastogi (2024), the value of review-
based SQA depends on responsiveness, since modern code reviews are seen to be
time-consuming, and faster response times as well as time-to-merge are considered
highly important to SW quality. Therefore, automated gates as presented by Wessel et
al. (2022) can provide a complementary control layer in SW development as they
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enforce clear quality criteria, making progression decisions faster and more
transparent, even though it limits the collaboration reviews provide.

Zhao et al. (2025) Highlight potential benefits of a robust SQA as well, allowing for
identification of issues early in the SW development lifecycle rather than at later
stages. Being beneficial also from a financial perspective as if firm can rectify the
issues earlier, the lower the associated cost is versus later fixes in the SW product
lifecycle or even post-release fixes (Zhao et al., 2025).

Furthermore, the importance of SQA becomes even more critical in large-scale
development organizations due to team autonomy, which may lead to different
interpretations of quality standards, criteria, and processes, thus creating inconsistent
compliance and outcomes (Giachetti et al., 2024; Moe et al., 2021). Therefore, SQA
in organizations should involve more than just checking if the processes exist; it
should also ensure that the process knowledge is shared across all levels, interpretable
and aligning across all teams (Giachetti et al., 2024; Moe et al., 2021).

2.4.2 Software Quality Control (SQC)

Software Quality Control (SQC) also exists within SQM, it can be understood as
operational and evidence-based techniques through which the SW development
process outcomes are checked to determine whether they conform to requirements,
standards and quality expectations (Guamán et al., 2020; ISO/IEC/IEEE 12207, 2017).
SQC is product-oriented and outcome-oriented, involving objective identification of
errors, defects, and faults that may affect SW quality at key points of SDLC (Guamán
et al., 2020; ISO/IEC/IEEE 12207, 2017).

ISO/IEC/IEEE 12207, (2017) describes verification activities as a key contributor to
SQC as it ensures “the product is built right” across the SDLC. This suggests that the
implemented SW and associated work products accurately reflect the specified
requirements, and they are tested for compliance (ISO/IEC/IEEE 12207, 2017). The
standard further specifies that the selection of verification methods depends on the
type of SW developed, its objectives, and acceptable risks. The methods include, but
not limited to code review, simulation, static and dynamic testing, and they should be
coordinated with the relevant stakeholders to ensure they are acceptable to purpose
(ISO/IEC/IEEE 12207, 2017).

Additionally, validation is also presented by ISO/IEC/IEEE 12207, (2017) as a key
contributor to SQC as it ensures “the right product is built”. It provides objective
evidence that the SW released satisfies the business and stakeholder requirements
when used in its intended operating conditions (ISO/IEC/IEEE 12207, 2017).
Similarly, the validation methods depend on the type of SW developed, objectives,
acceptable risks, with consideration to legal, regulatory and usability. The methods
include, but not limited to demonstration, code reviews, beta testing, operation testing,
usability testing, and acceptance testing (ISO/IEC/IEEE 12207, 2017). Zhao et al.
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(2025) reflecting on testing, highlights that development methodologies being faster
and more iterative, including continuous integration and complex testing, possess a
challenge for organizations. Therefore, organizations need to adapt towards
automated testing to manage this faster and more iterative approach, as manual testing
risk not detecting flaws potentially releasing SW with bugs (Zhao et al., 2025).

In conclusion, SQC complements SQA in delivering a robust SQM. It should not be
understood as only “bug-detection” downstream or a final checkpoint of SW quality,
but rather as a continuous, integrated function that provides objective evidence
throughout the SDLC that the SW development processes are delivering the right
outcomes (Guamán et al., 2020; ISO/IEC/IEEE 12207, 2017).

2.5 Automotive Software Quality Management

Automotive Software Quality Management (ASQM) is quality management focused
on the automotive industry with high product complexity and even higher safety
expectations. As vehicles and safety features become more SW defined, quality
failures can have serious consequences, so SW in vehicles must be safe, secure,
traceable, and maintainable throughout the SDLC and while in use (Li et al., 2024).
This explains why automotive SW engineering cannot be confined to end-stage
checks; rather, it must be continuously managed throughout the development,
verification, operation, and maintenance (Ferreira et al., 2024). Habibullah et al.
(2024) also highlights that automotive system development requires quality
management practices that cover not only usual SW artifacts or work products, but
also scenarios, operational design, realistic simulations, data quality and statistical
performance indicators.

This increase of SW in vehicles comes with increased complexity through the
increased connected systems, hence automotive organizations must meet multiple
quality obligations, standards, and regulatory frameworks (Li et al., 2024). These
quality obligations can be understood as addressing automotive SW quality in three
dimensions. The first dimension is product quality – the released SW must satisfy the
functional, robustness, safety, and cybersecurity requirements (ISO 26262:2018;
ISO/SAE 21434:2021). The second is process or operational quality – the SW
development activities must be organized systematically, traceable, assessable, and
continually improved (VDA QMC, 2023). The third is post-release quality – incidents,
changes and updates to the released SW must be controlled while the vehicle is
already in operation (UNECE Regulation No. 156, 2021). Therefore, these quality
obligations, standards and frameworks do not only satisfy compliance requirements;
they also provide the necessary governance and structure for automotive SW quality.
(ISO 26262:2018; ISO/SAE 21434:2021; UNECE Regulation No. 156, 2021, VDA
QMC, 2023).
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2.5.1 Regulatory and standard frameworks

Regulatory and standard-based frameworks are central to ASQM considering the
safety implications of automotive SW. These frameworks include ISO 26262 for
functional safety, ISO/SAE 21434 for cybersecurity engineering, and UNECE R156
for SW update governance through a Software Update Management System (SUMS).
Combined, these frameworks ensure automotive SW quality is maintained and
justified across the lifecycle through documented, traceable processes, and auditable
evidence (ISO 26262:2018; ISO/SAE 21434:2021; UNECE R156, 2021). Li et al.
(2024) support this by highlighting that these obligations interact within same SW
systems and should be treated with a common focus to increase consistency,
traceability, and compliance through SW development, release, and operations (Li et
al., 2024).

2.5.1.1 ISO 26262

ISO 26262:2018, Road vehicles — Functional safety, provides the international
framework for the management of functional safety of road vehicle
electrical/electronic systems and structures safety activities across the lifecycle. It also
supports concept-phase hazard and risk assessment, hardware and SW level product
development, configuration management, and change control (ISO 26262:2018).

This is particularly important in this automotive context because it defines quality as
more than low defects rates but also as the reduction of risks that come from
malfunctioning electrical or electronic systems (ISO 26262:2018). This suggests that
safety is integrated into ASQM as SW requirement, SW architecture, SW
implementation, verification and validation outcomes must meet safety requirements
(ISO 26262:2018). ISO 26262 uses the Automotive Safety Integrity Level (ASIL) to
classify risks related to safety-relevant functions according to severity, exposure, and
controllability. ASIL has levels from A to D where ASIL D represents the highest
safety and integrity requirements (ISO 26262:2018). This is highly important for
ASQM because the ASIL of SW functions determines the expected level of diligence
in the development and quality assurance activities, higher ASIL means higher
expectations for requirements, traceability, consistency, verification depth and
evidence or work products quality (ISO 26262:2018; Li et al., 2024).

2.5.1.2 ISO 21434

ISO/SAE 21434:2021, Road vehicles — Cybersecurity engineering, extends
automotive SW quality by bringing the cybersecurity perspective that defines the
standards for managing cybersecurity risks to road vehicle systems throughout
development, production and post-production (ISO/SAE 21434:2021). This is
important because as vehicles become more SW-defined and connected, they become
exposed to attacks that could affect vehicle behavior, safety and data integrity
(ISO/SAE 21434:2021; Li et al., 2024). Li et al. (2024) strengthens this by
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highlighting that the increasing connectivity, external interfaces, and over-the-air
(OTA) functionality of vehicles increases the possibilities for attacks, hence, it is
necessary to include standalone requirements for cybersecurity (Li et al., 2024).

While there is justification for separate requirements for functional safety and
cybersecurity, Li et al. (2024) highlight limited information sharing, duplication,
inconsistency, and limited understanding of system interactions as consequences of
fragmented handling these requirements (Li et al., 2024). For ASQM, this suggests
that functional safety and cybersecurity must be managed from a common perspective
within the SDLC, strengthening the need for traceability between hazards, risks,
requirements, architecture interfaces, verification results and evidence or work
products quality (Li et al., 2024).

2.5.1.3 SUMS

The United Nations Economic Commission for Europe Regulation No. 156 (UNECE
R156, 2021) extends the quality obligations with the SW updates management
perspective that mandate automotive manufacturers to maintain a SW Update
Management System (SUMS). The UNECE R156 requires manufacturers to maintain
documented and assessable processes for identifying SW versions, tracking updates,
assessing compatibility and how an update affects type-approved systems, protecting
update authenticity and integrity, and informing users about update execution and its
outcomes (UNECE R156, 2021). For OTA updates, the regulation also requires safe
execution conditions, sufficient power, rollback capability after interrupted or failed
updates, and clear user information before and after the updates (UNECE R156, 2021).

For ASQM, this means that SUMS extends traceability, consistency, change
management, and release governance beyond the initial SW development to post-
production operations (Li et al., 2024). Manufacturers are expected to maintain
adequate records of SW updates and related requirements including SW versions,
verification and validation data, target vehicles, and compatibility confirmation
(UNECE R156, 2021). In practice, this suggests that automotive SW quality must be
preserved accordingly due to evolution of technology, user needs or in-service issues
beyond the original SW development, and this must be evidenced to approval
authorities (UNECE R156, 2021; Li et al., 2024).

2.5.2 Industry frameworks influencing quality assurance - ASPICE

Automotive Software Process Improvement and Capability determination (ASPICE)
is described by the VDA Quality Management Center (VDA QMC) as a process
reference and assessment model for process capability, covering system and SW
engineering, validation, support, management, reuse and process improvement (VDA
QMC, 2023). ASPICE is also central to SW supplier governance, it is internationally
recognized in the automotive industry because it provides a structured assessment of
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process capability and a quality indicator which OEMs often rely on when choosing
SW suppliers (VDA QMC, 2023)

While ASPICE does not define SW product quality itself, it is important to ASQM
because it evaluates the quality of the development process that creates the product. It
provides reference to determine if the processes are systematic, repeatable, and
capable of creating consistent and reliable outcomes (VDA QMC, 2023). This process
orientation of ASPICE is important to ASQM because automotive SW is developed
under increasing conditions of technical complexity and SW is crucial for safety,
efficiency and quality of modern vehicles (VDA QMC, 2023). Accordingly, ASPICE
influences organizational SQA, ensuring process capability, systematic process
monitoring, and continuous improvement are visible and assessable (VDA QMC,
2023).

Furthermore, automotive SW development involves many teams distributed across
various interrelated SW functions; hence, traceability is crucial to maintaining
coherence between SW requirements, architecture, implementation and tests (Maro et
al., 2018). Therefore, ASPICE supports SQM by helping organizations operationalize
quality through disciplined SDLC consistency, traceability and evidence preservation
(VDA QMC, 2023; Maro et al., 2018).

Furthermore, Maro et al. (2018) highlight that the requirement for traceability in
automotive is influenced by ASPICE. They discuss that ASPICE requires both
bidirectional traceability between SW development stages and their related
verification work-products (Maro et al., 2018). ASPICE remains a dominant
automotive industry framework influencing ASQM because it supports process
quality, making it assessable, consistent and reliable across projects and suppliers
(VDA QMC, 2023; Maro et al., 2018).
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3 Method

This chapter covers the methodology chosen for this research to fulfill its purpose and
answer the research questions identified. The chapter includes an overview of the
research strategy and design, followed by data-collection methods and analysis.
Finally, it elaborates on the research quality, reliability, and ethical considerations
made during the study.

3.1 Research Strategy

To coherently connect the research questions with the data collection and analysis, a
qualitative research strategy was chosen as identified by Bell et al. (2022). This
approach is suitable because qualitative research emphasizes the nuanced ways
individuals interpret their environment which aligns with the exploratory nature of
this study (Bell et al., 2022). This approach is particularly important for the purpose
of this study, which is to understand automotive SW quality management and its
related activities within the case company. It involves a lot of contact with relevant
stakeholders through interviews and observations allowing for depth of understanding
of relevant nuances within this context.

Given the exploratory nature of the study and the limited prior knowledge in this area,
an abductive research approach is also employed. This allows the study to move
iteratively through theoretical concepts and empirical findings, supporting potential
theoretical insights, rather than only validating initial theories as a purely deductive
study might (Timmermans & Tavory, 2012). During the study, the initial
understanding of automotive SW quality management and related processes within
the case company was provided by the project sponsors. Followed by literature
reviews, then comparing empirical data from qualitative interviews and observations
enabled investigation of additional findings rather than only validating theories.

3.2 Research Design

A single-case study design was selected for this research. A case study is highly
effective when the research focuses on understanding a phenomenon in its real-life
context like one organization and/or one location (Bell et al., 2022). Considering the
purpose of the study, this design is suitable as the subjects of ‘Quality’, ‘Quality
Management’, ‘Software Quality’, and ‘Software Quality Management’ have different
understandings depending on the context. The design choice supports conducting this
study within this specific automotive SW development context, as in-depth
assessments can be made on how global standards and processes are translated into
local ways of working. Refer to Figure 3.1, the design choice also includes
triangulation of empirical data to increase understanding as described by Bell et al.
(2022). Findings from interviews, observations, and documentation reviews and
combined and cross-verified to reduce individual bias in the results.
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Figure 3.1 Research design

3.3 Sampling

The research participants were selected using a combination of purposive and
snowball sampling techniques. Purposive sampling technique is used to target specific
roles and participants relevant to the research purpose within the context to capture
diverse perspectives (Bell et al., 2022). The participants chosen for this study included
people from both leadership and operational roles who are actively involved in the
SW development life cycle and support processes. The sample included leadership
roles such as Engineering Managers (EM), Quality Managers (QM) and Product
Owners (PO), as well as operational roles like Requirements Developers, Architecture
Developers, and SW Developers. This categorization was necessary to understand
how the phenomenon is interpreted across different organizational layers.
Additionally, snowball sampling was used by asking participants to suggest
colleagues with specific expertise in certain key areas to be interviewed who might
have otherwise been unreachable (Bell et al., 2022).

3.4 Data Collection

The empirical data for this study was gathered through the combination of four
channels which included literature reviews, Semi-structured interviews,
documentation reviews, and observations, refer to Figure 3.1. These channels were
chosen to synthesize theory with practical experiences to ensure a comprehensive
understanding of SQM within the context.
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3.4.1 Literature Review

A systematic review of existing literature was done to establish a theoretical
foundation for the research within this automotive SW quality context. According to
Bell et al. (2022), a literature review is essential in qualitative research to identify and
understand existing knowledge that guides the initial data collection. The initial
literature review process of this study is shown in Figure 3.2. The review was
performed using web of science databases by searching for the following keywords;
“automotive software", "vehicle software", "embedded automotive systems",
"software-defined vehicles", "automotive architecture", "software updates" OR "ISO
26262", "ISO/SAE 21434". This initial search resulted in 2,750 articles; this was
further screened by filtering out papers that were not journal articles in journals with
impact factor less than 1, and articles older than 2016 resulting in 711 articles. A
second screening was carried out, excluding non-relevant research categories, using
the following web of science research categories; “engineering electrical electronic”,
“computer science information system” and “computer science software engineering”,
resulting in 389 articles. A title and abstract screening were carried out by the authors
resulting in 81 articles, and 50 were reviewed fully, resulting in 8 articles being
included as the initial literature foundation of this study.

Figure 3.2 The literature review process
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This initial review focused on relevant concepts providing the foundations to build the
research. However, as the research strategy is abductive, allowing the authors to move
between literature and data collection, the initial literature review was not sufficient.
Thereby complementary literature reviews were carried out as new insights emerged
during the study. Additional articles were found using snowballing of initial articles
reference lists and further web of science searches. These additional articles fulfilled
similar criteria, such as journal articles from journals with an impact factor greater
than one. In total, 48 sources were included in the theory and introduction, consisting
of 40 academic articles and 8 standards, regulations, or automotive industry
frameworks.

3.4.2 Interviews

Semi-structured interviews were the main source of empirical data. This interview
format uses a guiding question framework to get relevant and detailed responses while
flexible to explore other interesting topics and perspectives that may emerge (Bell et
al., 2022). Participants had the opportunity to share rich and detailed insights which
were useful to the research. The guiding questions for the interviews were developed
with certain pre-defined topics and targeted roles combined into six separate
questionnaires, see section 8 Appendices. A large effort was put into the structure of
these questionnaires to ensure a logical structure that made spontaneous follow-up
questions and discussions possible.

Bell et al. (2022) emphasize the importance of rigorous data collection and analysis
procedures in qualitative research. Therefore, all interviews were conducted via
Teams and were recorded and transcribed, after getting consent from the participants,
to allow for in-depth analysis. These transcripts were reviewed right after the
interviews to ensure correctness before storage. Six pilot interviews were conducted
with the project sponsors to test the questionnaires and get feedback for possible
improvements. Afterwards, 28 main interviews, all between 30-60 minutes, were
conducted with interviewees selected based on the relevance of their roles to the
research purpose as described in the sampling section above. Table 3.1 presents an
overview of the interviews conducted, including the interview type, date, and duration
of the interviews.
These interviews covered topics such as the respondents’ understanding of ASQM
and related processes including assurance, control, and verification.
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Table 3.1 Interview Overview

3.4.3 Documentation Reviews and Observations.

In addition to the interviews, additional data was collected through observations and
review of relevant documentation. As described by Bell et al. (2022), observations
enable a deeper understanding of participants’ behavior within their context, without
the spotlight of an interview. Therefore, observations were conducted by attending
various quality-themed meetings, team demo meetings, and by working on-site at the
case company.

Furthermore, an iterative review of internal and external documents relevant to the
study was conducted. These documents included; case company ways of working and
processes on official sites, relevant to the industry such as ISO 26262 and ISO 21434,
and assessment frameworks like ASPICE. As highlighted by Bowen (2009), these
document reviews and analyses were used to provide a basis for comparing formal
standards with actual practices to evaluate the case company against industry
expectations.

3.5 Data Analysis

According to Bell et al. (2022), one of the challenges associated with qualitative
research is the large volume and depth of the data collected, which can make it
difficult to organize and analyze. To handle this, a thematic analysis approach was
applied which follows the guidance of Bell et al. (2022), with the purpose of
systematically identifying recurring patterns, categories, and themes within the dataset.
In this study, key interview answers were compared with each other as well as
observations and documentation reviews to detect potential similarities. Based on the
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similarities in the data collected, the most common and relevant themes and codes
were identified.

3.6 Research Quality

In qualitative research, trustworthiness is a key aspect for evaluating the quality of a
study. According to Bell et al. (2022), trustworthiness consists of four core
dimensions: credibility, transferability, dependability, and confirmability.

Credibility refers to the accuracy of the findings as a representation of the
participants’ experiences (Bell et al., 2022). To improve credibility, a wide range of
participants in various relevant roles were interviewed to capture diverse perspectives
on the research topic. The interviews were also conducted anonymously to encourage
openness and to avoid criticism or blame after the study is published. The use of voice
and video recording during the interviews supported the preservation of all details of
what each participant has expressed while providing opportunity for several listens
during analysis.

Transferability represents the extent to which the findings of the study can be applied
to other contexts (Bell et al., 2022). Given the study's focus on a specific organization
and non-disclosure agreements preventing sharing of specific details, it may be
difficult to apply in another context or setting. However, efforts were made to
improve the transferability by giving detailed descriptions about the conditions and
organizational environment.

Dependability emphasizes the importance of transparency and consistency in the
research process (Bell et al., 2022). To meet this, all steps of the study including;
research planning, participant selection, questionnaire creation, interview transcripts,
observation notes, documentation review notes, and data analysis were documented in
a shared folder.

Confirmability ensures that the findings are shaped by the input of the participants,
and not the researchers’ personal biases (Bell et al., 2022). To reduce the risk of this,
all major discussions and decisions were made by the researchers, and regular
meetings were held with both the research supervisor, and the project sponsors to
maintain objectivity and alignment with the research purpose. Furthermore, the
researchers ensured interview transcriptions represented the right contents as in the
voice and video recordings.
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3.7 Ethical Considerations

Ethical aspects are important in research to reduce potential harm to participants and
ensure the integrity of the study. Bell et al. (2022) highlight four core principles to
guide ethical research: avoiding harm, informed consent, respecting privacy, and
preventing deception. Following these principles, all participants involved in this
study were treated respectfully, and confidentiality was emphasized and upheld. It
was important to ensure that all participants are not psychologically or professionally
harmed while participating in the study.

Deception was also avoided by clearly describing the purpose of the study, the topics
to be discussed, and how the information would be used. Participants were also
informed in advance about the use of voice and video recordings, which were only
initiated after explicit consent had been given and documented. Transparency was
maintained at every stage to avoid deception, including clarifying the researchers'
roles and the intended use of the collected data.

The researchers worked with only the computers and technical tools provided by the
case company. Also, all communications were made through only the case company’s
official channels. These precautions ensured data security and created a confidential
environment during the study.

3.8 Use of Generative AI

Artificial Intelligence (AI) was used only as a support tool throughout the study.
Microsoft Teams’ built-in AI functionality was used to transcribe recorded interviews,
followed by manual verification. In addition, AI was used as language and grammar
aids to improve readability and did not contribute to the generation of original content
or analytical reasoning. All conclusions, interpretations, and formulations are the
result of the authors’ own work.
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4 Results

This chapter outlines the findings from observations, case company internal
documentation, and semi-structured interviews. The chapter is structured according to
the five themes identified and further analyzed by subthemes.

4.1 Software quality definition and perception

Across the interviews, various perspectives on how to define SW quality have been
expressed. Quotes below illustrate this, when asked “how they would define SW
quality”.

“[…] That’s a good question, I think the answer to this is that we don’t
have a definition for it […] if you ask anyone in the team, I don’t think
you will get the same answer from anyone.” (Interviewee 8).

“Big, big topic to define […] how good is the quality of what we are
delivering out […] when you look at software you have different things
of looking at quality when it comes to does it fulfill what was set out to
do, does it do what the requirement specifies […] that’s one quality […]
then you have other quality aspects.“ (Interviewee 15).

“Software quality yeah there are many aspects to it, of course it’s
about fulfilling the requirements […] you need to always think about
robustness and corner cases […] what should be the safe state of the
software? All those things are also quality.” (Interviewee 27).

“I think of quality from a vehicle perspective and customer point of
view, if they can use the product as without anything unintended
happening.” (interviewee 17).

“Software quality to me would be to deliver software product that are
meeting your own standards that are expected by the customer and
external stakeholders.” (interviewee 13).

The quotes above indicate that SW quality is difficult to define and different
perspectives of it. While some interviewees emphasize the lack of a shared definition,
others describe SW quality as consisting of multiple aspects, and several highlight an
external and customer-oriented perspective, that are representative across the
interviewees. Based on these findings, SW quality is structured into two subthemes:
(1) technical aspects, (2) functionality and customer experience.

4.1.1 Technical

Some interviewees emphasized technical aspects in relation to SW quality, such as
requirements, architecture, traceability and code quality.
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The requirements and their impact on SW quality were highlighted across interviews,
illustrated by the below quotes.

“That the requirements are well written, so that you easily can test them”.
(Interviewee 1)

“Software quality for me […] to verify the requirements [...] and to verify
requirements at different levels [...]. The process of defining the requirements
at different levels and the traceability and consistency [...] and also to make
sure that you have enough test cases. [...] and that you have evidence that you
fulfilled all requirements.” (Interviewee 7).

“[...] to ensure quality you need to have good test coverage. Because the
quality means, at least to me, that the software works as expected according to
some requirements, to be able to tell if a piece of software behaving correctly
and to see if it has the correct quality you need to assess that via some testing”
(Interviewee 14).

The interviewees highlighted the importance of requirements in relation to how SW
should operate, with aspects regarding testability and traceability emphasized. Several
interviewees highlighted aspects regarding traceability between requirements and
other SW development stages such as architecture and design, as illustrated by below
quotes.

“So one of the big ones is making sure that all the documentation is in place
and all the traceability. So we’re talking about maybe the architecture design
documentation, we’re talking about maybe mapping requirements and test
cases […]” (Interviewee 10).

“[…] So they are starting from the beginning, from the design, from the
architecture and then connect all the bits and pieces together until the release
and the testing and verification […]” (Interviewee 6).

“[…] we know already from an architectural level all the way down to
components, what requirements are there. We expect to see those
requirements documented, accepted, implemented, verified and validated. We
expect to see those evidence” (Interviewee 5).

The interviewees highlight the importance of traceability from the requirements
throughout the SW development stages. However, another interviewee, 25, a SW
architecture highlighted challenges in achieving traceability and consistency but
nonetheless highlighting their importance to ensure SW quality.

A further perspective is requirements related to safety- critical functionalities, as
illustrated by the quote below:
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“it’s safety critical, we have different ASIL requirements that we need to fulfill.
[...] it should fulfill all requirements.” (Interviewee 16)

While this perspective was not evident across all interviews, it emerged in interviews
where safety- critical aspects impact the SW development.

Two requirement developers, when asked how they would define high quality SW
requirements, expressed the following thoughts.

“ […] they need to be both crisp and super clear on what the function should
do […]. The most important thing with the requirements is that it’s possible to
verify them.” (interviewee 27).

“High quality requirement is, uh easily understandable. Preferably also easily
testable. […] If you understand what to do and how to test it. Then that’s what
is really good requirements.” (interviewee 17).

Both interviewees highlighted that requirements need to be clear and understandable,
as well as possible to test or verify. Similar to the initial quotes from Interviewee 1, 7
and 14, they highlight testing in relation to the requirements as an important aspect.

SW developers described a perspective that was primarily raised by this role: code
design and its impact on SW quality, as illustrated below:

“[…] quality term is broader as well because from my perspective as a
software developer, I also believe that the code quality and the design quality
itself matter as well. So, it's not only about if the code works […], but
also the quality lies in how code is structured […] to make it maintainable and
so on.” (Interviewee 14).

“I would just say that software quality is that the least errors and bug you
have the better is the software quality and also the better readability of the
code. Let’s say someone new is coming to the team or the project and they can
understand the code. So clean code” (Interviewee 4).

The two interviewees highlighted that SW quality is not only about the code working
and having as few bugs as possible, but also about code design and structure,
emphasizing readability and maintainability as impacting SW quality. Interviewee 14
highlighted that sometimes new code or legacy code can be complex and not easily
understandable, making it hard to work with. However, one PO (Interviewee 9) and
one QM (Interviewee 21) highlighted the importance of maintainability to correct
errors within the SW, stating the following.

“[…] I would like to add in that it’s also maintainable, so you can maintain
development […] to correct bugs. That’s also part of the quality that we have
a good way of doing that.” (Interviewee 21).
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“We must do a system that is easy to change so that when we have detected
problems or issues […] it should be easy to fix that. It should not be a system
that is hard to update” (Interviewee 9).

4.1.2 Functionality and customer experience.

Each interviewee was asked: “What are the most important quality attributes for
automotive software in your context (e.g., safety, robustness, maintainability,
performance, or something else)?” Across the interviews, seven quality attributes
were mentioned: safety, robustness, security, reliability, maintainability, performance,
and scalability. The frequency of mention of the quality attributes is shown in Figure
4.1.

While these attributes have been expressed from different perspectives by different
roles, the case company's internal documentation (2026) further highlights a layer of
regulatory obligations tied to some of these attributes like safety and security. The
documentation describes “built-in compliance” which states; the organization must
comply with regulatory requirements, continuously follow defined processes, and
provide evidence that its processes and SW meet customer needs and quality
standards (Case company internal documentation, 2026).

Figure 4.1 Frequency of quality attributes mentioned as important

While some interviewees identified one attribute as most important, many emphasized
several. Figure 4.2 shows how many attributes each interviewee mentioned in
response to the question.



31

Figure 4.2 Count of quality attributes mentioned as important

Interviewees involved in the development of safety- critical functions emphasized
safety and/or security as the most critical quality attributes, as illustrated by the quotes
below.

“[…] There’s a huge focus on system safety, and we obviously have an ISO
standard 26262, which we always have to follow.” (Interviewee 10).

“From our perspective […] cybersecurity, […] because we have specific
cyber security requirements we need to adhere to.” (Interviewee 5).

“It needs to be robust and have good quality because we have a safety critical
[...] and if it’s not safe or good quality in the software can mean very big
consequences for the end customer.” (Interviewee 16).

Similarly, interviewees working with safety- critical functionalities and requiring
adherence to specific standards or requirements, emphasized safety and security as
critical quality attributes. Another interviewee highlighted that multiple quality
attributes are important, as illustrated by the quote below.

“I think there is no most important, different attributes are important on
different stages. […] for example, traceability which is very important on all
of the stages. You have safety of course […]. Cybersecurity of course is
important. […] So I wouldn’t consider some attributes more important than
the other. It depends on the market, of course it depends on the product […]
some of the attributes of course are important in terms of the legal
perspective.” (Interviewee 6).
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Interviewee 6 highlighted that the importance of quality attributes may vary
depending on circumstances such as product type, market, and legal aspects. At the
same time, the interviewee noted that all quality attributes are important and cannot be
ranked. This is expressed across the interviews, and Figure 4.2 indicating that two and
three quality attributes were most frequently mentioned. This is illustrated by the
quote below.

“I would agree with every single one from the list you’ve mentioned. And it’s
hard to say that one is you know more important than the other. I think that’s
only if we have all pieces in place […] then we should say OK, it’s a good
quality.” (Interviewee 14).

“[…] all of them is very important, but the safety, definitely safety and
security is definitely one of the top concern that we have to be very, very
careful and then the performance and robustness comes for the for the
customer.“ (Interviewee 12).

“But we also need to think about the safety. We need to think about potential
situation and how to manager the error or some problem in the code, we need
to think about the robustness. We need to think about user
experience. So I don't want to say that we focus only on one aspect all of these
aspects are really critical from the delivery point of view.“ (Interviewee 19).

Interviewees 19 and 12 also highlighted the importance of quality attributes in relation
to customer/user experience. Across the interviews, various quality attributes and their
relation to customer experience were highlighted. Quotes below illustrate some of
these quality attributes and how they relate to customer experience.

“For automotive software it’s just reliability, I think it is the most important.
Pick between three different things […]the third thing is that it will work any
day, […] I think that’s what the customer want.” (Interviewee 2).

“[…] robust system that you can rely on and trust. […] Robust means no
obvious issues found constantly. For I look at the end customer perspective in
most cases the quality means that a customer should not notice if there are
bugs, it will always be bugs. [...] robust system that take care of it and have
you known a good way of dealing with the issue.” (Interviewee 24).

“Safety I would say as number one and performance for sure as second. The
rest are also important. […] when we do some bug fixing is 99% of the cases
to improve the performance, to improve the customer experience and of course
to be according to legal and according to safety standards.” (Interviewee 18).

Across interviews and roles, robustness was frequently discussed in relation to
customer experience. Interviewee 13 further highlighted robustness of the SW as
important in case of a cyberattack to withstand it. Reliability was mentioned by six
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interviewees according to Figure 4.1, three of the interviewees explained it in
connection with customer impact, and that the SW should work as intended without it
malfunctioning or something unintended happening.

Figure 4.3 visualizes the frequency of quality attributes mentioned per role. Safety is
the most frequently mentioned quality attribute across most roles, except for
Developers and POs. Developers most frequently mention robustness. As indicated
above, robustness and reliability are often mentioned in relation to user or customer
aspects. A higher proportion of respondents in hands-on development roles such as
architects, developers, and requirement developers, mention of these attributes (73%,
8/11) compared to EM, QM and POs (61%, 11/18).

Figure 4.3 Frequency of quality attributes by role

4.2 Quality management in software development

Case company’s internal documentation defines quality assurance (QA) and quality
control (QC) as parts of the SW quality management. It defines QA and its purpose as
“[...] preventing defects by establishing and following processes and standards.” This
includes process definition, training, awareness, audits, and reviews. It also defines
QC and its purpose as “[...] the actual evaluation of the software to identify defects.”
QC activities include testing, defect tracking, and performance monitoring. (Case
company internal documentation, 2026)

The empirical findings from the interviews also highlight how QA and QC are
understood and described, including their purpose and related practices in the case
company. The findings show both similarities and differences in the interpretations
and implementation of both quality aspects across the roles interviewed. These
findings are further structured into three subthemes: (1) Overlapping and similar
descriptions of QA and QC, (2) QA and QC purpose and practices (3) verification of
safety/security/quality requirements.
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4.2.1 Overlapping and similar descriptions of QA and QC

Across the roles interviewed, many participants described both QA and QC using the
same practices, such as checklists, testing, verification, and documentation. Many
others also explicitly stated uncertainty about the differences between both quality
aspects, expressing uncertainty in the understanding and use of “QA” and “QC”
language in the case company.

Some Engineering Managers (EM) expressed this uncertainty of the differences in
both concepts, illustrated through the below quotes.

“[...] I don't know the specific difference between the two, quality controls and
quality assurance.” (Interviewee 13).

“What? What is quality control? [...] I don't understand fully what is the
difference between quality assurance and quality control. This is my
problem.” (interviewee 19).

Both interviewees expressed difficulties in distinguishing between QA and QC, and
similar uncertainties were expressed across the interviews.
When asked about QA, Interviewee 21 (QM) described design reviews to ensure
correctness, followed by implementation, verification, and checks. Immediately
afterwards, the interviewee was asked to define QC and stated they are “more or less
the same.” Another QM also described similarities between QA and QC, emphasizing
reviews as a common element. One PO described QA as having a process focus with
reviews as central practices. When asked about QC, the interviewee stated the
following:

“So a quality control, I would more or less connect it to the previous answer
about quality assurance. It starts from a set of rules on how to develop like
some coding guidelines or model development guidelines[...] The developers
themselves are aware of what kind of guidelines they should follow in order to
ensure that quality, or at least a level of quality will be there. [...] and then a
set of peer reviews” (Interviewee 18).

As illustrated in the quote above, the PO referred to QA when describing QC rather
than distinguishing between the two aspects. The PO emphasized guidelines (process
focus) and peer reviews as key activities within QC.

A similar overlap was also expressed by a requirements developer, as illustrated by
the quotes below.

“I suppose quality assurance is almost the final step where you actually see
that we have fulfilled all the required steps during development, actually. So,
it's usually for us the checklists we go through to see that we have done [...]
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everything and that they have passed and if they haven't passed have we
written a deviation also in our system […].” (Interviewee 27).

When asked about QC, the interviewee stated:

“Yeah, back to the checklist again, then I suppose that is the quality control
that we see that we can fulfill all the checklist, we have documented test
reports, test verdicts, and all those things done” (Interviewee 27).

Similar to other roles highlighted above, the interviewee linked QC back to QA rather
than distinguishing between the two concepts. Further, QA was described as
checklist-based checking to confirm that required activities have been completed,
occurring in the “final steps” of development.

Across some interviews, as highlighted by quotes above, QA and QC were described
using similar terms and mechanisms, and in some cases, interviewees expressed
challenges in distinguishing between the two concepts. In several cases, interviewees
referred to QA when describing QC.

4.2.2 QA and QC purpose and practices

While overlapping interpretations were evident, some participants expressed clear
distinctions between QA and QC. They described differences in both purpose and
associated practices. Across the interviews, QA was often framed as process- and
prevention-focused, whereas QC was described as checking the operational output,
with practices such as testing and gates frequently mentioned. Illustrative examples
are provided below.

When asked about QA and its purpose in SW development, Interviewee 10 (EM)
stated the following:

“Quality assurance is making sure that we have a good roadmap and a plan to
make sure that we review our processes and ways of working. We try to align
and ensure that we have a standard way of working because if you have a
standard way of working then it's easy to measure in terms of metrics and
KPIs.” (Interviewee 10).

The interviewee describes QA as a planning- and process-oriented mechanism, aimed
at standardizing and aligning ways of working. Doing so according to the interviewee
allows for easier measurability.

Another EM interviewee 12 described QA as involving multiple check across
development, highlighted by below quotes

“[...] So we have to assure that within the processes that we have all the
precautions, all the checks before actually we deliver something and it's
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layered. It is not only one level; I will say it is layered in different levels. So,
it's not only one check, but there's multiple checks around it, the KPIs, the
checks, the reviews, the tests, verification, validation, all of them as a
package.” (Interviewee 12)

“[...] we are trained to capture everything [...] everything has to pass through
another person’s review. So, we don't submit anything without the review
basically and we are trained to reduce the risk of getting out something
unintended by reviews, checks, KPIs, and then activities around testing and
integrations.” (Interviewee 12)

The interviewee described QA as a “layered system” conducted through multiple
checks across the development process rather than a single one-time activity. The
interviewee also emphasized review discipline, describing that work products are not
submitted without another person’s review.

One further EM highlighted QA in relation to a process focus and adherence to the
process, stating the following

“Quality assurance is like ensuring that you have all the evidence that you
have built your software in the correct way. [...] So quality assurance for me is
at least a lot of looking into the evidence of that you have followed your
process, and the process is there to make sure that you fulfill like safety
standards, security standards and things like that.” (Interviewee 15).

The interviewee highlights assessable evidence of process compliance and
emphasizes the importance of processes to make sure that safety and security
standards are fulfilled.

When asked about QC and its purpose in SW development, Interviewees 10 and 12
described it as follows:

“For Quality control, we have a certain project milestones where we try to
make sure we have maturity [...] we do not procced to [field testing] until
we've achieved certain quality aspects and there's obviously some control
checks that need to be done at certain stages [...] We obviously have our
requirements that we manage, and we try to understand if we've implemented
them and we've tested them and verified them.”(Interviewee 10).

“Quality control, I think it’s an activity that is permanent. It is not a one-time
activity. It should be daily not only before the release [...]. we have continous
activity about the quality monitoring and increasing the quality. [...] Software
daily regressions, so that is basically you are ensuring that your software
every day is actually in the customer delivery maturity.” (Interviewee 12).
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Interviewee 10 described QC in relation to project milestones and stage-based control
checks, including assessing whether requirements have been implemented, tested, and
verified before proceeding to [field testing]. Interviewee 12 described QC as a daily
activity involving continuous quality monitoring and daily regressions, emphasizing
that it is not only an activity performed prior to release but ongoing to maintain
“customer delivery maturity”.

When asked how QA, QC, and verification activities are realized in practice within
the development process, Interviewee 10 stated the following:

“[...] different types of test cases, not just connected to requirements but
qualification and verification test cases nightly [...] We run gating what we
call smoke test cases every time we try to release or deliver software so that if
they fail those test cases, we stop, we do not push any software further up the
chain or downstream. [...] We have delivery reviews, so we review the content
and documentation before we deliver to the software [...] So we have every
single level of testing from unit code level up to the [product] testing [...]”
(Interviewee 10)

This was described as realized through gating mechanisms and recurring tests, where
failed smoke tests prevent SW from progressing further, alongside delivery reviews
and multi-level testing up to [product] testing. Across the interviews testing is
something frequently mentioned either as an important QA/QC practices or in relation
to the verification of SW.

Several quality managers also shared distinctions between QA and QC; interviewee
20 described both terms as serving different purposes in SW quality, highlighting
some activities involved. Illustrative quotes are shown below;

“[...]Quality control are actions which you perform on a daily basis it's
usually predefined and quality assurance builds processes which will
guarantee results at the end, including management, risk analysis,
measurements like metrics and distribution of quality activities across teams
and their work products” (Interviewee 20)

Interviewee 20 emphasized QA as focusing on risk mitigation and prioritizing key
risks and deliverables based on factors such as timelines, resources, and safety. The
interviewee noted that exhaustive testing is not feasible, describing it as impossible to
test every potential “combination.” The interviewee also described a relationship
between QA and QC, as illustrated by the quote below.

“Quality control is defined by quality assurance first. So you decompose
process, you decompose system, and this decomposition which define by
quality assurance and processes. After that, you can define test activity, and
quality control happens later. [...] So initially you need to define what to test,
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how to test, which strategy and that is a task of quality assurance and only
when it's defined then you are able to do quality control activities.”
(Interviewee 20)

The interviewee highlights that QC is dependent on QA, which is described as first
breaking down the system and processes and establishing the test strategy. QC is then
described as occurring later as the execution of control activities based on what QA
has defined.

Similarly, other quality managers, Interviewee 5 and 6 shared clear distinctions in
purpose of both QA and QC, highlighting both process and outcome perspectives with
quotes shown below.

“[...] quality assurance is looking more at that we're following the processes
and then the standards that are available while the control itself looks more at
the end result that the product that has been delivered is doing, I mean fulfills
its purpose.” (Interviewee 5).

“Quality assurance I would describe as constant monitoring and providing
the full traceability and confidence in your software [...] because if you keep
your quality assurance all the way through the development process, then you
will be able to deploy your software at any time to your customer with built-in
quality.” (Interviewee 6).

Together, these participants frame QA with a process-oriented focus, collectively
emphasizing adherence to standards, monitoring, and traceability. Interviewee 5
describes QC as outcome-oriented, focusing on whether the delivered product fulfills
its purpose. Interviewee 6 similarly describes QC in relation to ASPICE by
emphasizing awareness of sub-process interconnections and outcomes, stating “[...] if
you have proper outcomes from every subprocess, then you under control”. How QA
and QC are realized in practice is highlighted by below quote.

“[...] we have a milestone which gives you a go- or no-go decision. So, for
specific milestones, you must provide some specific documentations or
outcomes [...] So this is both quality control and verification and how these
gates are combined to each other gives you the quality assurance overall.”
(Interviewee 6).

One PO also describes clear distinctions between QA and QC. interviewee 26
described QA as repeatable activities supported by continuous learning and QC as
verification activities highlighting a few examples. Illustrative quotes are shown
below;

“Quality assurance, some actions or activities that we need to perform to be
able to ensure the quality. And that could be using checklists that are maybe
created from previous experiences where we have noted some lessons learned.
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[...] So, we make sure we fulfill what is relevant for our software.”
(Interviewee 26)

“Quality control, [...] but I could associate it maybe with the verification [...]
so we have some tests that are being automatically run every night, so that's
one way of control or maybe we are having gate checks, so you do not merge
anything that can break the master, for example” (Interviewee 26)

Another PO, interviewee 9 described the purpose of QA as early detection
mechanisms throughout the development chain and described QC as assessment
points throughout the chain. Illustrative quotes are shown below;

“I think everything that goes into what we usually call quality assurance
should be something that is going throughout the complete chain so that we
don't wait until the last steps in the development chain before we detect things.
[...]It can be from start to understand that we do the right and when we do the
implementation, get feedback as fast as possible.” (Interviewee 9)

“For quality control it’s more or less that we need to take points throughout
the complete chain and we need to do certain tests that are running on the
final release, but the sooner we can indicate problems the better.”
(Interviewee 9).

A requirement developer, interviewee 17, described QA and QC and their purpose as
illustrated in the quotes below;

Describing QA - “It is the Descriptive factor of quality, but then also all the
specifications for what it's supposed to do from the start. So all the
requirements, all the processes around also relates to quality somehow.”
(Interviewee 17).

“Yes, If I would describe quality control, yes. I would mainly think about the
process that we apply to try to achieve the specifications, the implementation
and the testing of the implementation.” (Interviewee 17).

The interviewee described a distinction between QA and QC. QA was framed around
specifications and processes from the start of development, whereas QC was framed
around implementation and testing in relation to those specifications.

SW architects also describe clear distinctions between QA and QC. interviewee 2
described QA as good habits that support risk reduction and QC as testing and
inspections. Illustrative quotes are shown below;

“It's about building good habits I would say to have what you call it a
standard procedure that minimize the risk that something that is faulty slips



40

through. Yeah, I think that would be my definition of quality assurance.”
(Interviewee 2)

“Quality control. Yeah, that's. I mean, it's really related to testing, but it's also
adds a number of other steps, and that is some usability and validity aspects.
[...] but I think when it comes to software, it's difficult to just look at
something, you need to run it also before you before you can say if it's good or
not” (Interviewee 2)

Another SW Architect, interviewee 25 made a distinction between the two aspects,
highlighted by below quotes

“Yeah, quality assurance is like very much important in software development
because not only the normal software development actually, but in a safety
ISO 26262 also like clearly says that actually like you need to have a like a
quality management. [...] Usually we think about like mostly on the safety part
but then as I mentioned earlier, like a quality also talks about safety or safety
also talks about quality. So you need to see the complete life cycle, the quality
has to be assured.” (Interviewee 25).

“[...] I mean from the software requirement from the customers until actually
like a deliverable like we need to have actually like a complete quality control
like what changes you are bringing and like what deliverables you are going
to make. [...] It's a proper checklist guideline, gates, milestones, gates like
actually follow-ups like any deviation and then actually like the deviation and
follow like within the timeline.” (Interviewee 25).

Interviewee 25 thus frames QA as a lifecycle-oriented perspective in a safety context,
emphasizing the need to assure quality across the complete SW lifecycle. In contrast,
QC was described through formal checkpoints throughout the lifecycle such as
checklists, gates, milestones, and follow-up of deviations, linked to changes,
deliverables, and timelines

4.2.3 Verification of safety/security/quality requirements

A recurring pattern seen across the operational roles is that safety, cybersecurity,
regulatory compliance and release readiness rely on a few individuals with specialized
knowledge or authority holders in some cases.

Requirement Developer (Interviewee 27) described how safety requirements are
managed by an architect with specialized knowledge who reviews requirements,
documentation and “safety cases”. Illustrative quote is shown below;

“[...] We have one of our architects specialized in the system safety, all those
functional safety and system safety. [...] he is reviewing also all our
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requirements and documents from that point of view. So, to see that we
actually fulfill everything there [...]” (Interviewee 27)

One SW architect also highlights similar explicit dependency on a key person to
ensure compliance with safety and cybersecurity standards. Illustrative quotes are
shown below;

“Yeah. we are quite lucky, we have a very good system safety engineer in our
ART that is extremely competent with the standards and the process itself. So
we in the ART relies heavily on this guy to make sure that we follow the
specific safety standard and the security now for the cyber security also. [...]
he's also very competent in like ASPICE and so on as well.” (Interviewee 17)

Similarly, SW Developer (interviewee 22) highlights a dedicated safety engineer who
reviews their work products and documentation, ensuring they comply with standards.
Illustrative quotes are shown below;

“We have a lot of SW documents we call SWDD, SWTP, test plans, test
requirements, a lot of things. So once after this, will be reviewed by the safety
engineer for generating the SACA documentation for safety purposes and all.
So that is a higher level thing but In-depth.” (Interviewee 22)

Finally, POs (Interviewee 18 and 26), shared similar dependency on a safety manager
and system architect for legal guidance and regulatory compliance. Illustrative quotes
are shown below;

“Development guidelines we maintain in [locally developed frameworks] and
then some legal this we have guidance through our safety manager and we
have some local documents like some safety related documents that are local
in SharePoint”. (Interviewee 18)

“We have in our architects, our system architect, keeping track of the
regulatory requirements. [...]we have persons in the team that has a good
contact with the homologation team, so they keep track on when do we have
the certification, when do we have to be ready. Yeah, so I think more or less
persons for making sure that we that we do what we need to do, [...]”
(Interviewee 26)

Across the interviews, various participants have highlighted the support of certain
specialized colleagues for the review, verification and compliance of safety, security
and other necessary regulations within their context.

4.3 Process guidance and ways of working

The case company has several sources that guide SW development, outlining good
practices, standards, and regulatory requirements that must be considered. Three
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central sources of process guidance were identified: the P- framework, the
B- framework, and the New- framework. In addition to these, In addition to these,
there are also locally developed frameworks for process guidance and ways of
working in some departments. The frequency of mentioned sources for process
guidance is visualized in Figure 4.4

Figure 4.4 Frequency of sources mentioned for process guidance

As Figure 4.4 indicates, locally developed frameworks are the more referenced source
for process guidance regarding how the development work should be performed.
However, while some interviewees referenced one source, other interviewees
referenced two or more for finding guidance on how development work should be
performed. Figure 4.5 highlights the number of sources used for process guidance.

Figure 4.5 Count of process guidance sources mentioned

The reasoning behind referring to one or several sources for process guidance,
depends on various aspects such as role and for what purpose discussed further on in
the chapter. The results however show that out of the 14 interviewees referencing to
one source, of these 10 referenced locally developed frameworks as the source for
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process guidance. A breakdown by role and referenced source for process guidance is
visualized in Figure 4.6.

Figure 4.6 Referenced source for process guidance by role (Frequency)

As Figure 4.6 shows, some roles put more emphasis on specific sources such as
developers and architects referring to locally developed frameworks. Meanwhile,
other roles such as POs have a more equal distributed reference to different sources
for process guidance.

While these three central sources exist, the case company internal documentation also
highlights the need for standardized SW engineering processes including methods,
tools, and KPIs. It also lists increased productivity, collaboration, and learning as
advantages of standardized SW processes (Case company internal documentation,
2026).

The authors asked interviewees where they usually found documented guidance on
how SW development should be carried out. Managers were also asked which sources
they encouraged their teams to use. Additional questions covered whether the
information was easy to find, up to date, reliable, and adequate to support delivery of
high-quality SW.

The authors identified three subthemes in the empirical findings: (1) central
guidelines and frameworks, (2) locally developed guidelines and frameworks, and (3)
locally developed process guidance related to central processes. Within Subthemes 1
and 2, aspects related to ease of finding the information, whether it was up to date,
and its reliability were further identified
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4.3.1 Global guidelines/frameworks and standards

Some interviewees referred to centrally communicated guidelines and frameworks as
sources of information on how SW development should be carried out. This is
illustrated by the following quotes.

“I try to promote B-Framework and P-Framework.” (Interviewee 7).

“I guess P-Framework is more hands on. B-Framework is more like on a
higher level. So, for my own sake I review B-Framework and then I would say
that the development teams should go to the P-Framework page.”
(Interviewee 5).

Both interviewees emphasized B-Framework and P-Framework as the main sources
of information for development. Interviewee 5, as a QM, highlighted a distinction by
noting that P-Framework should be the primary source for developers. Interviewee 5
also expressed that the information in these sources is thorough enough. In contrast,
Interviewee 7 described the information as mixed, where some content is sufficient
and some is not, stating “some information is more or less confusing”. Overall,
interviewees differed in their views: some considered the central guidelines thorough
enough, while others saw room for improvement. This is illustrated by the quote
below.

“[…] I think we can simplify things in the [case company] and we can
improve different views of the processes. The higher level like the B-
framework and the P-framework they normally describe everything you need
to know about requirement management […]. But it’s hard for a developer to
find what to do as a developer across these processes in order to deliver
software”. (Interviewee 15).

Interviewee 15 highlighted that while the B- Framework and P- Framework are useful
for requirement management, developers may find it difficult to locate guidance
relevant to their work. A similar perspective was provided by a QM (Interviewee 6),
who described the P- Framework and B- Framework as “the big processes”.

Interviewee 12 (EM) expressed a similar view to Interviewees 5 and 7, describing the
B- Framework as a key source of information and stating that the New- Framework is
also followed.

“We are trying to follow the B-Framework and the New-Framework. […]. So
we get the information on these sites and then we actually try to follow them
up.” (Interviewee 12).

Although Interviewees 5 and 7 did not refer to the New- Framework as a source of
information, both shared views about it, as illustrated by the quotes below.



45

“New-Framework […] I would say is a pretty recent thing and I don’t think its
fully communicated and understood by the organization how this should
work.” (Interviewee 5).

“[…] And then the New-Framework, everybody talking about it. But where is
it? What are we doing? Is it official at the [case company] or what? What’s
happening? And it has been going on for quite some time. So I don’t refer to
the New-Framework.” (Interviewee 7).

Both Interviewees 5 and 7 expressed uncertainties regarding the status of the
New- Framework. Although some interviewees described the New- Framework as a
source of information during the interviews. The uncertainties were also expressed, as
highlighted by Interviewee 8: “we also have company guidelines from
New-Framework but most people in my team is not aware of the content […]”.

Many interviewees expressed both trust and uncertainty regarding the reliability of
centrally communicated frameworks and how easy it was to locate information.
Interviewees were asked where they found sources of information, whether these
sources were easy to locate, and whether the information was up to date and reliable.
This is illustrated by the quotes below.

“That's a problem that I think is just getting worse all the time because we add
new systems. But we don't close the old ones. So that means that you have to
look in several different places […]. You’re not 100% sure this is the latest
document.” (Interviewee 2).

“I would say that I think the biggest problem is that the people don’t know
where to find everything because it’s not easy […].” (Interviewee 1).

“I think it's harder for people to navigate around the intranet.” (Interviewee
10).

“I think B-Framework and P-Framework I think they are updated quite often
as far I know. Finding information if you are asking me about user
friendliness, I will say with latest technologies […] it could be much easier.
[…] It could have been a little bit more easier, definitely.” (Interviewee 12).

“[…] My overall views is that it’s a bit messy. When I start it was more clear
because there wasn’t many places to go. You had B-framework […] so there
was one place […] and then over time it has grown and now we have a lot of
places for findings different things.” (Interviewee 17).

“I Should say B-Framework is often correct, I should say P-Framework yeah
they have become better at least. […]. So it’s not always reliable what’s stated
on those pages in P-framework. You have to read them a bit carefully, and
when you’re unsure you have to ask the people responsible” (Interviewee 27).
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As indicated by the quotes above, interviewees expressed differing views on whether
the information in the centrally provided frameworks is up to date and reliable.
Regarding the ease of finding information, several interviewees indicated that it is not
easy and could be improved, an observation that was also raised across the interviews
more broadly.

4.3.2 Local guidelines/framework

The case company documentation highlights the need for certain considerations when
making domain-level adjustments to processes; “[...] because we think they suit better
to our software development. But there is likely a room for standardizations, however
unique we think our software is. Therefore, it's worth to evaluate whether you actually
need a unique process, method, or a tool, rather than using the recommended
standard [...]” (Case company Internal documentation, 2026)

Several interviewees highlighted department-developed information sources for how
development work should be carried out. In the empirical data, most EMs who
discussed department-level frameworks or guidelines referred to locally developed
frameworks as the main source, as illustrated by the following quotes:

“Within our department we have our [locally developed frameworks], and we
have a big focus on process methods and tools, so we have clearly defined
guidelines and ways of working on the department level. […]” (Interviewee
10).

“And then where the guidelines and where the information is stored is that we
our [locally developed frameworks] that actually we publish and update all
the time the guidelines and all the time the processes that we have.”
(Interviewee 12).

“I think we mainly have our own. […] It is local guidelines like [locally
developed frameworks] local. [...].” (Interviewee 23).

The EMs explained that locally developed frameworks are used to find guidelines and
descriptions of processes for how development work should be carried out.
Interviewees 10 and 23 also provided reasons why these locally developed
frameworks are preferred, as illustrated by the quotes below.

“[…] I think people always look at our own [locally developed frameworks].
That’s probably the only place they would go to […]. I think it’s harder for
people to navigate around the intranet.” (Interviewee 10).

“[…] And I think one reason for that is that those big business systems are
overwhelming. It doesn’t really, they are so generic, so they don’t really apply
to the individuals. [..] managers and products mangers need to help break
down what is important for respective area.” (Interviewee 23).
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The interviewees provide two perspectives: (1) navigating the centrally provided
frameworks on the intranet is difficult, and (2) the central frameworks may be too
overwhelming and not applicable in all circumstances. The latter point was further
highlighted by a QM, who stated the following:

“[…] I’m not trying to overwhelm the teams with the big processes because it
gives basically non-value for them, but instead focus their intention of the
small things that they can do to straight away and make some kind of impact
on quality.” (Interviewee 6).

Interviewee 6 echoed Interviewee 23’s view that centrally provided process guidance
can be overwhelming.

Across the interviews, locally developed frameworks were highlighted across several
roles as the main source used to find information. This is illustrated by the quotes
below.

“Internal documentation mainly. Internal processes we document in our
[locally developed frameworks] portal […].” (Interviewee 8).

“B-Framework can be used a little bit as reference, but mostly all of the best
practices and ways of working and design guidelines we maintain
documentation in [locally developed frameworks].” (Interviewee 18).

When asked whether the locally developed frameworks were up to date, thorough,
and easy to locate, some interviewees expressed the following:

“I think it’s quite good because it’s a live document and it’s maintained and
updated often. […] I would say that the team has sufficient information to
provide good quality results.” (Interviewee 18)

“Yes, finding documentation is simple as we can have a clear structure in our
[locally developed frameworks] where internal process/guidelines are stored.
guidelines are regularly updates.” (Interviewee 8), further stating; “I think
they are thorough yes. We rely mostly on internal documents and we keep
them maintained”.

The two interviewees highlighted that they perceived the information on the locally
developed frameworks to be updated regularly and thorough enough to support a
high-quality outcome; a pattern also reflected across the interviews. Interviewee 8
(developer working with testing) added that unclear guidelines should be improved
and updated, stating:

“I usually encourage team members as a first step to read guidelines, if they
get stuck on some part, then the guidelines needs to be updated to be more
clear.” (Interviewee 8).
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However, one QM highlighted a similar perspective, but with a focus on lack of
control, stating the following:

“The [locally developed frameworks] is hard to see if they are updated or
correct. We don’t have that control of the page, so more or less everyone can
go in and write […].” (Interviewee 21).

While Interviewee 8 highlighted the benefit of being able to update guidelines when
something is unclear, Interviewee 21 raised concerns about limited control over these
pages and the extent to which the information is updated and correct.

4.3.3 Local process guidance in relation to central processes and
standards.

While some interviewees highlighted the use of both locally developed guidelines and
centrally provided guidelines, as indicated in the previous section (e.g., Interviewee
12 – EM), Interviewee 10 an EM also described utilizing centrally provided
guidelines within locally developed guidelines, as illustrated by the quote below.

“We have adopted the New-Framework in our [locally developed
frameworks], so we have that structure. What we did notice is that it’s very
much focused on maybe processes, rules, it is maybe a bit hard to navigate,
but we have adopted the structure.” (Interviewee 10).

Interviewee 10 (Department 2, Function X) explained that the reason for adopting this
structure was to align ways of working with Function X and across the case company
overall. This is illustrated by the two quotes below.

“[…]. I think that’s it’s important that my team, we align and collaborate with
X at every level just to try to align processes […].” (Interviewee 10.

“[…] We are now setting up our [locally developed frameworks] to make it
look like. So, we actually understand we can fulfill New-Framework, we can
pull in processes which are aligned across the company, we want to fulfill
ASPICE […].” (Interviewee 10).

Interviewee 15 (EM) also belonging to department 2 expressed similar view,, stating
that:

“I tell my engineers that of course we have our own tailoring, but they should
always refer to the next level of process. […] it should never violate the next
level. And for us the next level is X and what processes they have decided. […]
So from Department 2 to X, to New-Framework, to P-framework to B-
framework.” (Interviewee 15).

Both Interviewees 10 and 15 highlighted that while local frameworks and guidelines
are used, the importance of adhering to centrally communicated processes and
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frameworks. Interviewee 10 also highlighted ASPICE, a point that was further raised
by Interviewee 24 (Developer working with testing), who explained that they
maintain their own locally developed frameworks but use ASPICE as a base.

“The base we have from us is ASPICE, yeah that is the base we are using at
department 2.2. […]. This is how we need to do it. And it rarely contradicts
with P-framework processes, in some cases yes it does, but rarely. […] If it
doesn’t fit us, we do it so it fits us.” (Interviewee 24).

Interviewee 12 (EM), as mentioned, highlighted both centrally provided and locally
developed process guidelines and also referred to ASPICE, as illustrated by the quote
below.

“[…] I will say we have been audited for ASPICE and then we have been in
the past working with mapping our own ways of working towards ISO 26262
as well as the ASPICE. So we have this comparison between what is the
difference and what’s our processes actually fitting where we map them to.”
(Interviewee 12).

Interviewee 12 described mapping locally developed process guidelines to the ISO
26262 standard and ASPICE to compare how existing ways of working align with
these standards. Interviewee 7, as presented earlier, emphasized centrally
communicated process guides such as the B- Framework and P- Framework. During
the interview, Interviewee 7 also explained that these frameworks are inspired by, and
aligned with, ASPICE and ISO 12297, stating:

“[…] you know B-Framework and P-Framework. They are inspired to a large
extent by ASPICE and ISO 12297, the life cycle model, so it's not. It fits
and it's aligned so.” (Interviewee 7).

The relationship between process guidance and ASPICE and/or ISO standards was
raised explicitly by Interviewees 7, 10, 12, and 24 when discussing process guidance
and ways of working. ISO/ASPICE were also mentioned across other interviews, but
not consistently in connection with process guidance and ways of working.

Aligning with interviewees 7, 10, 12, and 24, the observation of case company
ASPICE assessment meeting April 2026, further showed that ASPICE supported the
need for a unified way of working. Process alignment was discussed as a major
concern; the participants highlighted that process definitions and tools used in all
platforms need to be coordinated to ensure consistent implementation across teams.
They further discussed that central platforms support process definitions and direction;
hence, additional smaller local changes within individual teams could increase
fragmentation (Observation, ASPICE assessment meeting, [April, 2026]).
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4.4 Factors impacting software development and quality

During the interviews, several aspects were identified impacting SW development and
quality. Based on the empirical findings, five themes were identified: (1) process
focus (2) requirements, (3) system complexity and dependencies, (4) time, and (5)
testing.

4.4.1 Process focus

The case company documentation describes built-in SW quality as a strategy to
integrate quality into the entire SW development processes and activities ensuring
continuous alignment to quality management principles. With early emphasis on the
process over end-stage evaluation: “This is to avoid detecting many defects [...] in
later stages of development, where the cost of redesign and corrections is multifold
higher.” (Case company internal documentation, 2026).

Several participants also shared this process focus in their definition of SW quality
and its related practices. Each interviewee was asked: “What practices are most
important for ensuring high- quality software development (e.g., reviews, audits,
assessments, metrics, checklists, gates, or something else)?”

Across the interviews, various perspectives were emphasized, but the importance of
reviews and testing was highlighted in particular, as illustrated by the quotes below.

“Something that is really really important is reviews number one. And that
means it’s reviews of specs, it reviews of requirements and are they good
enough and so on. And then of course since I’m working with that down to test,
can we assure that if we have reviewed the requirements […] and we see that
yeah, it seems good and then you test it.” (Interviewee 24).

“I should say reviews almost every part […]. And that include both designers,
I mean the reviews of the requirements, the actual design and then the code
review […]. So it’s kind of a collaboration between developers and testers The
testers write the test cases, but we need to be in collaboration all the time to
see that they are actually testing what they should be testing. […] So the
reviews are the base cornerstone […].” (Interviewee 27).

“[...]if you don't do review of the of the breaking down on the component into
the architecture for instance, then you may miss things if you don't make sure
that you have consistency in between the software requirements and the
software architecture for instance, then you have a link missing and this this
needs to be in place.” (Interviewee 7)

“I mean reviews, we must already start the reviewing of the requirement.
Writing the cases, ideally that should be by the testers but with review from
the designers. And then, of course, the actual testing […].” (Interviewee 26).



51

Testing was an aspect highlighted by all three interviewees, and it was also evident
across the interviews as an important practice. All three interviewees emphasized the
importance of reviews, particularly reviews of requirements, an aspect also expressed
by several other interviewees. Interviewee 18 (PO) also emphasized gates in relation
to reviews, as illustrated by the quote below:

“I think the top two I would pick and I cannot really put some of them first or
second. It will be gating as well as proper reviewing. […] It’s a human factor
that is in the review. So, this alone even though something that can be really
strong […] this alone is not enough, then you need build upon gating,[…] and
some maybe milestones.” (Interviewee 18).

Interviewee 18 highlighted that reviews involve a human factor and described reviews
alone as not sufficient, emphasizing gating as complementary. Interviewee 6 (QM)
also emphasized gates, describing them as less influenced by human factors.

“I think that gates are the most important because gates are not human driven.
You cannot get away from it, so, they are mandatory. If you don’t do your job,
you will not pass the gate. […] It’s a pure mechanism that says OK, this is the
gate, this is what you have to deliver on this specific level. […]. Otherwise you
don’t deliver, there is no blame, no offense. It’s just a pure mechanism of
quality control if you don’t meet the requirements, you’re out.” (Interviewee
6).

Interviewee 6 described gates as a “pure mechanism” that specifies what must be
delivered, rather than being subjective or human-driven. Later in the interview,
Interviewee 6 also stated that accompanying tests need to be committed to the SW,
and that work cannot proceed otherwise.

Across the interviews, gates were highlighted as an important factor, emphasizing
perspectives like those described above. Others emphasized gates in relation to the
timeline, specifying when deliverables need to be in place. Interviewee 23 an EM
described the software system as large and complex, with several developers working
simultaneously, and stated that without gating mechanisms the system could easily
break; thus, gating was described as enabling work in such systems.

Other interviewees highlighted that SW quality involves several activities and
considerations across development. The two quotes below illustrate this perspective.

“To reach a good quality, we need to have a good design, that we have a good
design what shall we do and then have a good review of that we have what we
need to do in the correct time. So, it’s hard to say the gates are what we need
or the design or the verification. For me it’s the whole chain here that we have
the right content at the right time that are doing what it’s needed to do.”
(interviewee 21).
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“[…] It’s everything because as I tried to say earlier, it’s all the activities
where you create the requirements, where you review the requirements, where
you approve everything related to each level […] if you don’t have a process
in place, if you don’t have consistency in the test cases you will have a
problem. […] I wouldn't say that it's one part that is important. It's the whole
thing. It's a chain of activities in a way that needs to be in place.” (Interviewee
7)

Both interviewees highlighted several activities as important and described them as
interconnected rather than stand- alone. While multiple activities, often in
combination, were highlighted across the interviews.

The final perspectives highlighted from the interviews regarding practices important
for high-quality SW development concerned processes, ways of working, and
standards.

“[…] we must have a clear framework or guidelines and processes in place.”
(Interviewee 5).

“I would say you have to have good standards, and you need to really be up to
those standards […].” (Interviewee 4).

The interviewees highlighted the importance of clear frameworks, standards, and
processes for delivering a quality outcome. However, the empirical data also
highlighted challenges related to these, as illustrated below.

“I think it starts with [case company] that we must have a much clearer
process. I think it diverts. We have so many initiatives going on and
so on and it's never really been stabilized. So I would like to see like a unified
process that everyone follows.” (Interviewee 5).

“So it’s hard to try to align on ways of working, what I’ve seen that many
departments […] have their processes and ways of working. Many try to align
or copy or align each other, but it’s quite good if we can align at higher levels
[…]. (Interviewee 10).

The interviewees expressed a need for clearer and more unified processes and ways of
working across the organization, a view also expressed by other interviewees. In
relation to processes, auditing was also highlighted, as illustrated by the quotes below:

“I think what we need to do more is look at metrics and auditing and process
reviews.” (Interviewee 10).

“Audits of processes and ways of working I think it’s very relatively in order
to do that. […]. To look at it from a control view and the way we work and
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way we do things fulfills things. That’s audit and certification perhaps.”
(Interviewee 15).

Interviewee 10 expressed a need for metrics, which is discussed further in Section
4.5.1. Both interviewees highlighted process auditing as important. This view was
also expressed by other interviewees, particularly in relation to ASPICE.

4.4.2 Requirements

The case company documentation provides guidelines to integrate quality in the
requirements from elicitation to specification, and to allocation (Case company
internal documentation, 2026).

While requirements were described throughout the interviews as an important aspect
of SW development as highlighted in Section 4.1.1, requirements were also
highlighted across interviews as a challenge in SW development.

Interviewee 1, when asked about common quality issues, explained that requirements
were often not good enough and that they could not be tested thoroughly, which the
interviewee described as a root cause. This is further emphasized by two EMs, as
illustrated by the quotes below.

“The biggest problem from my perspective is not clear requirements. […] But
the requirements is very crucial […].” (Interviewee 19).

“One thing is that the consistency between the very high level requirement all
the way to the units requirements. […] or I will say the requirement quality.
So you might have requirement that is not really saying what It should do
[…].” (Interviewee 12).

As stated in Section 4.1.1, requirements developers (Interviewees 17 and 27)
highlighted that good SW requirements are clear/understandable and testable.
Interviewee 27 also noted that writing requirements for everything is challenging and
that producing good requirements is not easy, as illustrated by the quote below.

“[…] it’s not easy to write good requirements, that’s for sure. […].”
(Interviewee 27).

During the initial stages of this research, the authors attended introductory sessions
where challenges related to translating customer needs into requirements were
highlighted (Introductory presentation, February 2026).

Furthermore, according to the case company’s internal documentation, requirements
should be evaluated for testability and feasibility (Case company internal
documentation, 2026). When asked how this is done in practice, Interviewee 17 stated:
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“So in our teams mainly, I would say that we determine if they are
testable and feasible by people's experience […] I don’t think we have like a
clear guidelines or like rules how requirement should look like […].”
(Interviewee 17).

Interviewee 17 highlighted that assessing requirements often relies on the experience
of the people developing them and further explained that guidelines alone are not
sufficient for this assessment.
Interviewee 27 also noted that developers who write requirements often struggle with
the verification aspects, which makes it important to review requirements together
with testers. The internal documentation explains similar ideas, which describes
testability and feasibility as potential bottlenecks in later stages and recommends
involving relevant roles, for example: “ask the relevant architects and engineers to
provide their estimation of the feasibility” (Case company internal documentation,
2026).

The case company’s internal documentation (2026) further states that SW
requirements should be “[…] readable and understandable from a technical
perspective” and recommends using EARS template. Neither Interviewee 17 nor
Interviewee 27 stated that they used EARS when developing requirements. However,
both interviewees highlighted the importance of reviews to improve requirements.
Interviewee 27 described how developers review requirements and provide feedback,
stating the following:

“[…] it takes probably two or three weeks or something like that for going
back and forth with requirements and questions and us updating the
requirements […], refining them and actually making them more clear.”
(Interviewee 27).

The case company’s internal documentation states that product quality properties,
including non-functional qualities, must be considered, measured, and monitored,
including “safety, security, performance, reliability, and usability” (Case company
internal documentation, 2026). It further states that regulatory requirements should
appropriately specify safety criticality. As noted in Section 4.2.3, Interviewee 27
described that there is a person within the team with this knowledge who reviews the
requirements. Interviewee 17, however, explained that this is primarily addressed
through reviews and tagging safety requirements directly in the requirements tool, as
illustrated below.

“So for the safety standards I think mainly the reviews is actually how we
cover this, cause we don’t have a formal way of writing them. We have some
attributes in the [requirement tool] that we use related to safety […] we tag
all the safety requirements.” (Interviewee 17).
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Interviewee 26 (PO) highlighted that it was important to be given reasonable time to
develop requirements to avoid unnecessary stress. They linked this to quality, noting
that doing things right from the beginning is closely tied to requirements. Similar
aspects were raised by an EM in relation to time and cost, as illustrated by the quote
below.

“[…] Time is cost and very often we try to speed up activities. […] We don’t
spend too much time on the requirements because it’s costly.” (Interviewee
19).

Interviewee 26 highlighted the importance of having sufficient time in the
requirements phase, while Interviewee 19 explained that this phase is sometimes
rushed due to cost considerations. In addition, Interviewee 24 (developer working
with testing) described challenges with the requirements process, stating:

“The requirement process is not good in [case company] […]. I know there
that there is something beautiful called what the [case company] model in
requirement setting, but I don’t think anyone is following that.” (Interviewee
24).

Interviewee 24 further highlighted challenges related to implementation when
requirements are not finalized, stating:

“[…] the implementation is done, but the requirements is not really finalized
yet. How did you know what to implement then? […] But since the
requirement are not there, we can’t test it because we don’t know what to test
against. That has happened quite often.” (Interviewee 24).

A developer confirmed a similar situation from a project they were involved in,
stating: “Actually we are about to finish the implementation, and we don’t have any
official requirements whatsoever” (Interviewee 14). Together, these accounts indicate
that there are occasions when implementation is close to completion or completed
before requirements are finalized. As noted earlier in this section, Interviewee 1 raised
testing-related issues, which aligns with Interviewee 24’s point that testing becomes
difficult when requirements are missing or not finalized.

Overall, the interview data highlights several challenges related to requirements.
These challenges were evident across the interviews and were raised by participants in
multiple roles.

4.4.3 System complexity and dependencies

Across the interviews, participants described SW and its operating context as highly
complex. One interviewee noted that the case company is not delivering a phone
application, but automotive SW being complex. The case company internal
documentation highlights they are developing a complex SW and thereby the
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associated processes are complicated as well. The quotes below further illustrate this
complexity

“[…] but the system is so complex, so you don’t understand the full
complexity.” (Interviewee 15).

“The amount of complexity is insane and ideally one person should be able to
explain everything and to be able to give requirements for everyone. But this
is unrealistic of course. So, it's many persons, many experts that need to
synchronize.” (interviewee 18).

Together, these interviewees highlight that the SW is complex and difficult to fully
grasp the complexity, and that development therefore requires coordination across
multiple experts. Another aspect raised when discussing complexity is dependencies
between systems, as illustrated below.

“[...] if you are not cyber securing your product correctly, then you are
jeopardizing all of the network that you are in contact with.” (Interviewee 13).

This highlights that the system being developed must be considered in relation to the
wider network it is connected to and the potential impact of those connections. The
case company documentation similarly highlights complexity and dependency in its
business model, stating that: “[...] even common functionality is handled in separate
branches which creates unwanted variance and complexity[...]” (Case company
internal documentation, 2026).

Several interviewees described dependencies between systems as a challenge in the
development of SW, most frequently raised by operational roles. This is illustrated by
the quotes below.

“The vast majority of quality issues have to do when we interact with other
nodes or when we try to integrate software in other nodes.” (Interviewee 18).

“And all the other parties of course, not having full understanding of how our
neighboring parts in this big software system that the product actually is
working. […] they have done some changes in their functions that they haven’t
realized that also impacts us and vice versa.” (Interviewee 27).

Interviewee 18 emphasized that dependencies are a source of quality issues in
development, particularly when integrating with other nodes. The interviewee also
noted that internal development does not face the same challenges and suggested that
one reason may be a lack of synchronization across teams. Similar observations were
raised by other interviewees as well, as illustrated by the quotes below.

“If it comes to thing that we control in out team ourselves […] If we own the
dependencies in our team, I would say we have no gaps because we can solve
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those issues very quickly. […].I would say the gaps or issues comes if we have
dependencies on other teams or even let’s say in [case company], if we need
to contact other departments to get their help [….]. It can be
very time consuming just to get to this collaboration up and running to
understand how should we actually work with other teams.” (Interviewee 8).

“I think the easiest part is when you work on a unit level […]. This is the
easier part to handle, it is very close to the developers to their actual daily
work […] and this kind of work doesn’t need a lot of collaboration. […] But
then the systems grows, grows and grows, it piles up and then the
responsibility goes […] you see how bigger it comes from the [function]
software. It spreads out throughout the entire organization and there the
problem starts to appear because its different priorities, different organization
[departments], different decisions and so forth […]. And then you’re like stuck,
you have a bottleneck.” (Interviewee 6).

Together, these interviewees highlighted that when dependencies are owned within
the team or department, issues can be resolved more quickly due to limited
coordination needs. In contrast, dependencies on other teams or departments make
development more challenging because they require collaboration and alignment
across organizational departments.
Interviewee 6 also highlighted later in the interview that collaboration and setting this
up can sometime be challenging similar to interviewee 8. Interviewee 6 further
highlighted that differing priorities and decisions across departments can create
bottlenecks for the individual department.

Building on Interviewee 27’s earlier point about limited understanding of neighboring
parts and how changes in functions may introduce issues, Interviewee 27 also
described that such changes can be difficult to identify, stating the following:

“[…] the function have changed slightly, then it’s very hard to find that in
reviews and so on […]. And it’s super hard to find even in testing actually
quite not so easy to do that. So that slips through and then it comes to the
customer, and then it’s discovered in the product and that is not always nice.”
(Interviewee 27).

According to Interviewee 27, changes in functions can be difficult to detect during
reviews and testing, which increases the risk that faults have slipped through to the
product and are discovered by customers. Interviewee 26 similarly noted that when
faults have slipped through and a fault report is received once the product is in use, it
can be difficult to identify what happened due to the overall complexity.

“I think that some faults that we received can be quite complicated ones that
we get the reports from the [product]. It’s not really obvious what happened.
And sometimes it can also be hard to find it […]. Those are the most trickiest
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falls when we have a lot of software interacting with each other in a complex
environment, the hardest things to find.” (Interviewee 26).

4.4.4 Time

The case company internal documentation (2026) highlights time planning
instructions that describe how the organization should create logical plans at different
levels to have shorter lead times for development, proactive follow-ups, and quality
assurance activities. The documentation points out the roles responsible for the plans’
creation, follow-up, decisions, and deviations to ensure the plans always reflect
operational realities without excessive pressure on the teams (Case company internal
documentation, 2026). The documentation also expressed the need to automate
repetitive tasks, such as testing, to save time and effort, reduce errors, enhance quality
assurance, and follow up activities in the right time and scope.

Time and time pressure were expressed across the interviews in various ways, one
EM, when asked what circumstances were critical to ensure a high-quality outcome,
highlighted the following:

“I think clarity on what is to be achieved that is the main thing […]. then of
course there needs to be enough time for quality development […]. So purpose,
clear definition of what is needed and time.” (Interviewee 23).

The interviewee emphasized three aspects of importance: purpose, a clear definition,
and time. However, the interviewee also highlighted that they often come late into the
development life cycle, which impacts how they work:

“[…] we have a tendency to favor fast implementation over quality. Also,
because maybe or functionality is not safety critical. […]. We are working to
shift that mindset to from fix fast or from a quick fix mindset to fixing the root
causes. But I would say we are not there yet.” (Interviewee 23).

Thus, while the interviewee highlighted the importance of enough time for high-
quality development, they also described that coming late into the development life
cycle contributes to an emphasis on fast development. Other interviewees, while not
emphasizing the importance of speedy development, highlighted time planning for
development efforts, as illustrated by the quotes below by two QM.

“Well, what we always want is that we should start the projects earlier so
that we have a little bit more time. […].” (Interviewee 1).

“We are not allowed to or don’t have time to do faults before we need to
deliver. So when we start, it’s almost too late to start. We are stating at the
deliver day and then we force a lot to just put this through to the production.”
(Interviewee 21).
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The interviewees highlighted a wish for projects to start earlier to allow for more
development time. A related perspective was provided by another interviewee, who
described time-related project challenges.

“I can see sometime that we are in a hurry, and maybe not always been giving
the right prerequisites from start. So, we have sometimes to work a little bit
on different levels in parallel where we maybe should have had more things
more things cleared out in an earlier phase […].” (Interviewee 26).

The interviewee indicated that time pressure and not having the right prerequisites in
place from the start can lead to parallel work on tasks that should have been
completed earlier.

Some interviewees highlighted delivery dates and related challenges. One EM
described this in terms of planning and transparency to mitigate risks, stating the
following:

“[…] The planning is another thing, of course we cannot change always the
delivery dates, but we have to be transparent about how to mitigate the risks
and that is something about proactivity, we have to foresee what is coming
and then if we can deliver one time. And then escalate from the very beginning
if we don't have the resources for that delivery.” (Interviewee 12).

Another EM (Interviewee 16) described similar concerns related to delivery pressure.
The EM noted that development takes time and that testing is needed to ensure quality.
The EM also described occasional pressure from project leaders or line management
to deliver on short notice, which can create unease about taking responsibility for
quality when testing has not been as thorough as desired. In such cases, the EM
described explaining the situation and outlining the risks so that higher management
can decide on delivery and the associated risk.

A requirements developer highlighted how fault slip-through reports in relation to
delivery dates affect development efforts, stating the following:

“Then those things have higher priorities and then we usually need to drop all
the development of the new thing and go into the fault reports […]. Then the
time plan for the new things kind of since the deadline never moves […]. So I
should say that it's really that actually that we have lack of time actually. And
then sometimes you need to speed up the reviews a little bit and maybe you
don't review exactly as thorough as you should, actually.” (Interviewee 27).

As highlighted in the quote above, when fault slip-through reports are received, they
increase the workload and can require teams to pause planned development to address
faults. Since deadlines often remain unchanged, this can compress activities such as
reviews, which may then be carried out faster and less thoroughly than intended.
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When discussing code quality and code maintainability, one developer also
highlighted that time pressure impacts the work. The interviewee described
encountering code that lacked a good structure and had become complicated and
noted that there was not enough time for refactoring.

“[…] You need to refactor it as well, just don’t add another if statement, of
course there is often a pressure regarding time from the outside, from the
product owners, from the project […].” (Interviewee 14).

One developer working with testing further highlighted a circumstance where
developers may be under pressure due to short timelines. Within the development
process, there is a stage (Z) by which all code from the various departments should
have been delivered. By this stage, complete system tests can be performed, and Z is
close to the release candidate final. If issues are detected at this point, it can be
“mayhem” for developers to resolve the issues. This was identified as an issue, as
illustrated by the quote below.

“[…] that is actually a problem we have identified that we need to have a big
longer how to say? Stabilization period from when we are done until we
actually release the code. […]. But we have realized that we see this as a big
problem, that the complete system can be tested so late in the process.”
(Interviewee 24).

Across the interviews, time and time pressure were expressed as recurring challenges
in SW development, with interviewees describing different ways in which they affect
development work, team priorities, and the ability to perform quality assurance
activities as intended. One project sponsor described “quality principles” that the case
company must have, setting clear rules for what quality related practices that cannot
be skipped irrespective of time pressure in projects. Supporting this, a QM
(Interviewee 6) highlighted that cost and time can constrain development efforts and
may lead to “cutting corners,” and suggested that stricter gates and automated gates
could help mitigate this. Similarly, an EM described that delivery pressure can speed
up the process and stated that quality assurance activities should not be compromised;
however, this pressure has occasionally meant that “software has been passed or
jumped” (Interviewee 12).

One EM summarized this by stating that there needs to be a balancing act and that it is
not possible to achieve everything, as follows:

“[…] you cannot have time, quality and price matching, so you need to make some
choices. […] you can always increase quality by increasing price, but you have a
limited budget […]. 100% test coverage, yeah you can get there. It will take you and
infinite amount of time or at least infinite compared to what we spend. So you need to
make trade offs.” (Interviewee 13).
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4.4.5 Testing

Testing has been described across the interviews as both important and challenging.
One recurring aspect was that the feedback loop from testing is not fast enough, as
illustrated by the quote from an EM below.

“[…] It takes a long time for a developer to get feedback on his or her
changes, it can take a couple of hours, including testing and so on […]. That
would be the lower levels, and that is something that I believe is actually quite
harmful for our operations. The sooner a developer can get feedback on
change, the better it is, because then the developer can keep the context fresh
in mind.” (Interviewee 23).

A similar perspective was raised by a PO (Interviewee 9), who highlighted that
feedback loops are not sufficiently fast and that faster feedback would be beneficial
for developers. The aspect Interviewee 23 highlighted, namely that delayed feedback
affects a developer’s ability to keep the context fresh, was also raised by a developer.
The developer emphasized that the CI is not mature enough; while some testing exists,
it is still reliant on manual activities.

“[…] The real feedback I received a month after I did the commit, […] I had
to switch the context, read documentation again, go to requirements again,
think what is wrong, understand it, provide a fix and perhaps wait another two
weeks. I mean so that is challenging.” (Interviewee 14).

As previously highlighted, the case company encourages automation of repetitive
tasks. Across the interviews automated testing was also emphasized as important.
This is illustrated by the quotes below.

“So, I think the automated tests are really important to enable so many people
to work together in a system.” (Interviewee 23).

“[…] the automated testing, I think is and really important thing to continue
to increase the test coverage, because we adjust, we have a lot of variants also
different modules […] And the only way to really be able to test that is to have
automation, I think that is key.” (Interviewee 26).

This was also highlighted by a developer working with testing, who emphasized
automation as important, stating the following.

“[…]. But the main focus for us is actually to automate as much as possible,
because manual testing is too time-consuming. Just for your information we
talk about thousands of tests executed.” (Interviewee 24).
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Thus, while automation was described as a key focus, Interviewee 24 also described
manual testing as too time-consuming. At the same time, some interviewees
expressed that automated testing is still lacking, as illustrated by the quotes below.

“[…]. Even if testing is a bit automated, maybe verdicts are not automated,
[…]. So it’s usually quite hard to test it on the SIL level in many cases is my
experience. […] when it comes to testing, that’s tricky and that’s as we
discussed that’s a way to assure quality.” (Interviewee 14).

“What we are lacking at least on out part, is automated testing, […] because
if you think about the amount of code lines that should really needed to be
retested for every release, we have to go into automated testing more. We have
that, but not for the entire code basis.” (Interviewee 27).

Both engineers working with SW development highlighted that the level of automated
testing is not sufficient. Another developer working with testing further highlighted
that the SW being developed is highly complex, making it very challenging to test
everything. The developer also shared a perspective related to Interviewee 14’s point
about software-in-the-loop (SIL), stating the following:

“[…] what we miss in our team is more test environments […]. If we want to
go lower lets say testing earlier phases, lets say we want to test the software in
the loop. These are the environments that we don’t have really developed. […]
The main thing that I would say now that we are missing is to have proper
software in the loop environment. If we had that we could have started to test
much earlier in the project.” (Interviewee 8).

While Interviewee 8 (a developer working with testing) did not explicitly mention
automated testing, the interviewee highlighted a lack of a SIL environment, which
was described as an enabler for starting to test earlier in the project.

4.5 Continuous improvement

This theme presents how the case company’s internal documentation and study
participants described continuous improvement in SW development as implemented
in the case company. The empirical findings from the interviews show varying
opinions regarding continuous improvement and are further structured into 2
subthemes: (1) Metric and KPIs and (2) Retrospectives and lessons learned.

4.5.1 Metrics and KPIs

The case company describes SW quality KPIs as important to the organization at
different levels to continuously measure and meet quality targets and other standards.
They also highlight that the KPIs should be applied to the entire SW development
processes from requirements through implementation, testing, and release. They also
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explicitly describe the responsible personnel for the metrics at every phase of
development, as well as suitable presentation templates (Case company Internal
documentation, 2026).

Across the roles interviewed, participants described measurement and KPIs as a key
mechanism to detecting deviations, but several also highlighted gaps in what is
measured and how the metrics are used with concerns that they may not reflect real
SW quality.

Engineering Managers from a management perspective highlighted a broad set of
metrics that support SW development in their teams. Interviewee 23 and other EMs
gave detailed descriptions of the measurements and monitoring being carried out in
their teams, as quoted below;

“Yeah So we are measuring fault reports. We are measuring fault slip
throughs, we are running [static code analysis] and we have been running
[open source scanning] and so on for code quality scans and Yeah, so I guess
we have plenty of different metrics to try to capture when we are starting to
deviate too much.” (Interviewee 23).

“The other KPI actually is make making sure that we have 100% mapping of
requirements and test cases. We also need to have 100% pass rate of those test
cases to the requirements, their key, key metrics. So it's really understanding
the documentation connected to that, which is the architecture design, the
requirement and test case traceability metrics. [...]and following up
continuously throughout the project, not just at the end of the project.”
(Interviewee 10)

“[...] we have for unit test, we can have code coverage, we can see [static
code analysis], that kind of stuff. We have test result from our tests, so you
know a lot of such metrics we have [...]” (Interviewee 19)

Despite the above descriptions and shared measurement focus by the engineering
managers, Interviewee 10 also highlighted a drawback stating that - “[...] we've had
different KPIs and metrics, but it's really hard to keep high level metrics which are
good on different levels [...] but it's something we need to be probably more
structured [...]” (Interviewee 10)

Another drawback was highlighted by an EM interviewee 19, who described the risk
of focusing too much on the metric numbers instead of the actual effectivity of the
process as illustrated below;

“[...]But what is the crucial point, at least for me, because you know you can
prepare 100% coverage of the unit test, [...] But you know what we need to
ensure how good this test case is, [...] not just on the metrics. Metrics is for
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the management, to have virtual insurance that we have good quality [...] it
doesn't mean that we have good code.” (Interviewee 19)

Across the engineering managers, they show a wide range of metrics covering
traceability, coverage, and fault monitoring especially tied to release readiness while
some expressed concerns over the validity of the metrics used.

From another management perspective, several quality managers described metrics as
integrated within their dashboards, gates, and release criteria. QMs (Interviewee 6 and
20) highlighted dashboards they manage and monitor on different levels related to
code and release quality as shown below;

“We have of course, yes, we have on different levels we have these dashboards.
So for early stages we can have every team can see growing. So when they
work, so when it will be released we should have like 100 percentage. And
also we can have it on the higher level this metrics and also we have 0 bugs
with critical 0 critical bugs when we deliver [...]” (Interviewee 20)

Interviewee 20 also described metric targets related to the test coverage of
requirements, highlighting - “[...] we should have 95% complete requirements
fulfillment [...]” (Interviewee 20)

“We have some dashboards. of course, we're following the progress [...] It's
rarely than we're exceeding the expectations. [...]The most difficult thing is to
understand what to measure exactly to show the trend and explain to the team
what they have to deliver exactly.” (Interviewee 6)

Interviewee 6 further discussed that they try to maintain the same working approach
that yielded good results and trends, but making necessary changes only when bad.

Furthermore, other QMs (Interviewee 21 and 3) also described similar metric targets
related to requirements, release quality, and overall project quality. With some
examples illustrated below;

"[...] a metric that at least each requirement needs to have at least one test
case, [...]And then also when we talk about code coverage, statement coverage,
that's also good measurement to see how much of the software we are testing.
Now it's mostly connected to safety that we require that you need to have
100% code coverage [...]” (Interviewee 21)

"[...] we have this FST where you have many faults report, you must do the
analysis, and you have to close. So every analysis goes with an improvement
activity in our SharePoint or in their project storage [...]” (Interviewee 3)

“The main KPI if you see from quality perspective is the NCR
nonconformances. it's the rating which we give to the team when they are not
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fulfilling some criteria [...] if you have more than five NCR then your project
is at risk [...] So to keep it track so that we improve for that development team
[...]” (Interview 3)

Across the QM interviews, they highlighted consistent metrics and targets set within
the teams monitored through dashboards and gates. Defects and trends are analyzed to
improve the development processes as captured by interviewee 3 stating “[...] you
must do the analysis, and you have to close. So every analysis goes with an
improvement activity in our SharePoint or in their project storage [...]”

Similarly, a PO (Interviewee 18) describes clear metrics and measurements - “[...]
There are a few metrics that we use mainly the requirement coverage, and the test
coverage are something that we get every day through a regression, automated
regression testing [...]” (Interviewee 18)

Interviewee 18 also followed up with actions they take when they notice negative
trends, stating that - “[...] just freezing further integration and just focusing more on
the fault tracing before this trend escalates to a stage where it is really difficult to
either trace back or to fix anymore.”

In contrast, two POs (Interviewee 7 and 9) described limited use of metrics,
highlighting gaps in how much is tracked and potential improvements, illustrated in
quotes below;

Interviewee 7 - “Not more that we had and we have been focusing on the
suppliers progress in relation to the official releases and so we should
probably have had more. As I said, the metrics in the quality plan and we
should follow up more things than we have done [...] So yeah, we do some, but
we should have done more and we should do. We will do more in the future.”

Interviewee 9 - “We actually don't use that much metrics [...]There are also
some other metrics like things, but in my view it's mostly managers that are
interested in metrics to follow up different KPIs and things like that and we
provide some data for that [...]”

The POs show contrasting opinions of metrics and KPIs; while some mentioned clear
use cases, others describe them as less important and more of a managerial
responsibility.

Similar to the POs, the operational roles (Requirement developers and SW developers)
also highlighted contrasting opinions of metrics and KPIs. Requirement developers
(Interviewee 27 and 17) described metrics as mostly testing-focused with limited
indicators for requirement quality with illustrative quotes below;

“Not specifically on the requirements, the KPIs and those things you have are
on the test. There is something in [...] called requirement verdict, and of



66

course there is a KPI for that as well, but I don't think people really know
what requirement verdict means, so many testers just set OK to that, or we
also do that because we don't really know what is it should check.”
(Interviewee 27)

“Not really. We keep track of requirements versus testing and testing versus
test verdicts but we don't really keep track of requirements per say [...]So the
way we check if something is implemented, let's say is by testing, So that's how
we close the loop.” (Interviewee 17)

While SW developer (Interviewee 14) described monitoring of non-functional
attributes such as CPU and memory usage -“Yes, I mean this I would say monitored
continuously like all CPU usage per process, memory usage per process. We have
charts and like this is also done in quite good way.” (Interviewee 14)

Interviewee 14 also highlighted the targets related to line coverage and code quality,
sharing their reservations to the effectiveness of the tests, noting the need for scenario
coverage as well with quotes below.

“And at the least for line coverage at [case company] we aim towards 100%
[...] about code quality, some metrics like I mean if there are any compiler
warnings, any static analysis warnings. [...]” (Interviewee 14)

“[...] also consider all scenarios already on unit test level. Consider corner
cases, [...] I see that in most projects the code coverage is measured and it's
like gating factor. So you can't merge code without covering it with unit. But I
mean writing test just to like increase coverage is a wrong idea. You need to
think about your scenarios.” (Interviewee 14)

Interviewee 22, being a developer, highlighted certain metrics used as indicated by;
“So yeah, those are the things. And also we tried to, I mean in the static code analysis,
I think there is some complexity metrics out there, cyclomatic complexity [...]” .
Neither interviewee 4 nor 14 also developers, mentioned any metrics for complexity.

Furthermore. SW developers working with testing highlighted no clear or specific
KPI, targets or measurement, but they described some kind of monitoring of the SW
[product] quality. Interviewee 24 and 8 (both developers working with testing) shared
the illustrated quotes below.

“But we don't set any KPI [...]But we try to follow up, especially what is
important for us is how many fails have we found and where are they [...] Not
really measured, but we have the way of working to secure that the test cases
are robust, maybe a good idea by the way, but we should, put some KPIs on
that.” (Interviewee 24)
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Interviewee 8 -“We run nightly jobs, daily regression every single night [...]
we have even our own web infrastructure team where we can monitor the data,
we get statistics, trends, patterns, everything that we need [...] The reason of
course behind this is that every night we need to run a lot of test cases to get a
confidence in the like the daily software.”

Across the roles, most metrics and KPIs discussed touch upon requirement quality,
code quality and testing with several distinctions between the management and
operational roles. However, many quotes also indicate gaps, tensions across various
levels, and potential improvements to implementation.

4.5.2 Retrospective meeting & lesson learned

Across the roles, many participants described clear continuous improvement through
reflection activities like retrospectives, lesson learned, and defect management.

Several EMs highlight a clear learning culture within their teams; they describe this
from both a defect-handling perspective and an end-of-project perspective. Some
illustrative quotes and shown below;

“[...]So finding a bug in my world, is a very good thing, it's nothing bad about
it and then actually we try to celebrate this. [...]And then every release we are
trained to actually first to try to celebrate what we actually achieved. Second,
we are trained to do the lessons learned because even the successful release
you have something that you can actually improve.” (Interviewee 12)

“You know we have at the end of this sprint we have retrospective, we discuss
during the stand up the issues we discovered and with other stakeholders to
see what we need and what to avoid, yeah, and you know, quality takes
time[...].” (Interviewee 19)

“Depends a little bit on what kind of issue, but for all fault reports we are
requested to do a fault slip through analysis and that is something that is on
the teams and they do that and in that process they need to define what needs
to be done to avoid this issue from slipping through in the future. That could
mean architectural changes or it could be adding test cases or process
changes.” (interviewee 23)

In sharp contrast, one EM (Interviewee 10) described a lack of consolidated learning
frameworks, highlighting “a lot of ad hoc work or one-time efforts,” driven by
immediate task forces and “one-off activities” that are “hard to quantify.” They
shared that the missing piece was a consistent structure that prevents repeating the
same reactive work and helps the team retain knowledge over time. As they put it,
“what we need to do more is regular weekly educations or demos [...] teams may
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change, people may come or go, but we need to keep everyone up to date and
educated [...]”.

From a quality management perspective, One QM (Interviewee 3) described a clear
learning frameworks within their team stating that - “we have a SharePoint page
where we add all the lesson learns and during the review we just go through that so
[...] So for every project, yeah before they did release, yeah.” (Interviewee 3)

However, another QM (Interviewee 1) from another department did not share similar
learning frameworks rather described a loss of previous learning framework, with
illustrative quote shown below

“We used to have white books, but have lost that somehow. But then it's for
the way you're working, it's the same for. It doesn't matter what SW product
you’re working with you should do the same thing [...] we're trying to have the
company memory, not only from one person.” (Interviewee 1)

A similar lack of structured learning framework and loss of a previous learning
framework was highlighted by a SW Architect (Interview 17) stating that “[...] we
had a process before called Lessons Learned. It was a tooling in SharePoint. We filed
some things like 10 years ago in there and it's no longer available. So when we would
like to use this learnings now again, we couldn't find it [...]” (Interviewee 17)

Furthermore, the POs who are closer to the development teams described learning and
improvement clearly as both trend-driven and defect-based, as well as having
structured learning frameworks within the development efforts. One PO (Interviewee
26) shared the quotes below

“for issues where we think that this is something that we need to learn from,
then we create the so-called FST, fault slip through and that leads to that we
create some story in our [backlog tool], so that we can put it in the backlog
and bring it up when time and priority allows depending on how important we
think that this issue was. So that's more like to keep track on it and not forget
it.” (Interviewee 26)

They further highlighted their structured learning framework integrated within their
development structure

“[...] every end of the [development increment] we have this kind of
retrospective action. [...] you will clearly see that this kind of actions for
example that we did they really contributed to increase our test coverage, for
example, or to increase our quality on our master branch, et cetera [...] the
retrospectives are done on a small scale every second week per Sprint, and
then it's done on a larger scale where more teams, more teams meet to discuss
on a PI scale, so every 12 weeks.” (Interviewee 26)
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In another case, learning was described by a PO as even more formal. Interviewee 7
described an “extensive lessons learned” after a major product change, where the
team invested a lot of time to produce “a formal report,” and turning findings into
“recommended actions.”

However, not all POs felt learning was equally systematized: Interviewee 9 admitted
they mostly “try to act on the current situation,” responding only when trends worsen,
but they noted a gap or “weak point” in linking their work to any measurable
improvement stating that “maybe we are not that good at relating changes towards
actual improvements[…]that's maybe a weak point for the moment.”(Interviewee 9)

From a SW developer perspective, learning was often described as connected to
implementation and defects. A SW developer (Interviewee 14) also highlight this
defect-based learning stating that ”[...] whenever there is a fault report, that was
caught too late, maybe by customer, maybe in the [vehicle] when it should have been
found earlier, we do fault slip through analysis, so we learn from that [...]” They also
described their structured learning as quoted below;

“[...] we have these retrospective meetings when we discuss especially the
things that didn't work that well. We introduced some actions based on the
outcomes from these meetings. [...]” (Interviewee 14)

In sharp contrast, another developer from another team described a lack of structured
learning, only personal - “Basically some notes like in one note for myself.”
(Interviewee 4)

Another developer working with testing (Interviewee 24) shared similar structured
learning process as interviewee 14, describing “continuous lessons learned” across
sprints - “at least every second Sprint” and a bigger reflection point at the “regular
sync,” where they reflect and discuss “what could we do better and what should we
stop doing.” (Interviewee 24)

Finally, another SW developer working with testing (Interviewee 8) described
learning as more of an evolution of processes through continuous improvement of
practices over the years with illustrative quotes below;

“[...] we are not stuck in our ways. We always try to improve ourselves and
find best practices, which is also a case in point like when we started our
project, let's say not 5-6 years ago, we work in a completely different way
today than we did six years ago, a lot due to new investments and actually
finding best practices.” (Interviewee 8)

Across the interviews, continuous improvement was described through structured
learning frameworks referred to as retrospectives after each sprint as well as defect-
based learnings through the highly mentioned fault slip-through. While most
participants highlighted these aspects, many also described that learning remains
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informal, can be hard to institutionalize, and learning tools can also be lost as
attention may move to finding immediate solutions.
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5 Discussion

This chapter discusses and analyzes the three research questions, based on the results
and previous research. Section 5.1 addresses RQ1 aimed at highlighting how SW
quality is defined within the context of automotive SW development. Section 5.2
addresses RQ2 explaining what practices regarding quality management are of
importance in delivering quality automotive SW. Lastly, section 5.3 addresses RQ3,
highlighting factors that impact SW development and quality.

5.1 Definition of SW quality
This section discusses how SW quality is defined and perceived within the case
company, by comparing the empirical findings with previous research and identifying
alignments and contradictions with the theoretical framework.

The findings suggest that there is no single shared definition of SW quality within the
case company. Instead, interviewees express varying perspectives, where both
similarities and differences are evident. This aligns with previous research on quality
in general and within the SW context, which highlights that quality is inherently
difficult to define (De Giovanni, 2023; Solin & Curry, 2022; Green et al., 2024).

Requirements

The findings indicate that requirements are a central concept when discussing SW
quality, particularly in relation to the functionality, realization, and testing/verification
of the SW. A possible explanation for the strong emphasis on requirements, is their
link to acceptance and qualification testing, as described by Pavlíčková et al. (2024).
In this sense, requirements are the basis for evaluating whether the SW fulfills its
intended functionality and purpose. Garvin’s highlight conformance, defined as a
product’s ability to meet specified standards, as one dimension of quality (De
Giovanni, 2023). Therefore, this is also applicable within the context of automotive
SW development.

Secondly, requirements translate customer needs into technical specifications
(ISO/IEC/IEEE 12207:2017) and are important in ensuring that the necessary quality
attributes are realized in the SW (Abrahão et al., 2024). This may explain the
emphasis in the findings on well-developed requirements, as they are perceived as a
primary means of ensuring that SW meets both customer expectations and required
quality attributes. This interpretation aligns with Nabot and Al-Qerem (2025), who
define SW quality as a system’s ability to function as intended while meeting
customer needs through quality attributes.

As highlighted in the findings, requirements were discussed in relation to
functionality, traceability, testing, and verification. Some interviewees also referred to
ASIL requirements and the need to fulfill safety and security requirements in the
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automotive context. This suggests that requirements are central not only for defining
SW functionality and purpose, but also for ensuring that the SW can be developed and
assessed in a structured and justifiable way in accordance with specific standards.
This aligns with the theory, which emphasizes that automotive SW development is
governed by standards and regulatory frameworks that require documented, traceable,
and verifiable development processes (ISO 26262, 2018; ISO/SAE 21434, 2021;
UNECE R156, 2021).

Quality attributes

As shown in Section 4.2, interviewees typically emphasized multiple quality attributes
without clearly ranking them. This suggests that automotive SW quality is inherently
multidimensional, where certain attributes such as safety, robustness and security are
more prominent, but not sufficient on their own to define overall SW quality. This
interpretation aligns with Nabot and Al-Qerem (2025), who conceptualize SW quality
as comprising multiple attributes rather than a single defining characteristic.

The emphasis on safety and security was often linked to the need to adhere to
regulatory standards such as ISO 26262 (2018) for functional safety and ISO/SAE
21434 (2021) for cybersecurity. Within the context of the case company, compliance
with these standards is not optional but a prerequisite for delivering SW, which helps
explain why these attributes are prioritized. This aligns with Li et al. (2024), who
highlight the necessity of fulfilling quality obligations and regulatory standards in
automotive SW development.
Beyond compliance, the prominence of safety and security can also be interpreted in
relation to customer and stakeholder trust. ISO 9000 (2015) emphasizes customer
focus, including the importance of ensuring confidence from customers and
stakeholders in the organization. In this context, considering the potentially severe
consequences of SW malfunction, it becomes critical to ensure such trust and
confidence among customers and external stakeholders in the delivered SW.

The findings highlight robustness and reliability as important quality attributes in
relation to customer experience. Robustness was described as the system’s ability to
handle errors, bugs, and unexpected situations, aligning with Shah et al. (2016), who
define robustness as a system’s capability to function under stressful or unforeseen
conditions. However, a few interviewees also associated robustness with the ability to
withstand cyberattacks. Considering the need for cybersecurity compliance in
automotive as defined by ISO 21434 (2021), robustness is thereby important for the
SW to handle these unexpected situations. While most of the interviewees discuss
robustness in relation to customer experience only, other aspects of robustness of
automotive SW should be considered. This further indicates the multidimensional
impacts of quality attributes of the SW.

Reliability was commonly described as the expectation that the SW should function
without unintended behavior or malfunction. This is partly aligned with ISO 25010
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(2023), which defines reliability as a system’s capability to operate under specified
conditions for a defined period without failure. A similar definition for reliability is
provided by Garvin (De Giovanni, 2023). While the findings do not explicitly
emphasize these formal aspects, they instead highlight the absence of malfunction as
the central concern. The authors argue that, in the automotive context, preventing
malfunction is perceived as more critical than defining operational conditions or
timeframes, due to the potentially severe consequences of SW failure.

Nabot and Al-Qerem (2025) highlight the role of quality attributes in meeting
customer expectations. However, they do not indicate which attributes are most
influential in shaping customer experience. The authors argue that the emphasis on
reliability and robustness can be understood in relation to fundamental user
expectations. In this sense, these attributes become central to customer experience, as
they reflect customers’ minimum expectations for automotive SW to be trustworthy
and dependable.

Nabot and Al-Qerem (2025) and Green et al. (2024), although not within the
automotive context, include usability as one quality attribute used to assess overall
SW quality and shapes customers’ perception of product quality. However, the
findings of this study do not identify usability, or similar terminology, when defining
SW quality.
While some interviewees referred to user experience or described SW quality in terms
of meeting customer expectations and standards, these perspectives were not
expressed in line with formal definitions of usability. For example, ISO 25010 (2023)
defines usability as the extent to which users can interact with a system effectively,
efficiently, and with satisfaction. Such interpretations were not evident in the
empirical material.

A possible explanation for this absence is that many of the interviewees develop SW
that are not the most customer-facing. While some may contribute to customer-facing
SW, their work is often focused on underlying SW functionality that users do not
interact with directly, but which enables the overall product. Consequently, greater
emphasis is placed on attributes such as reliability and robustness as indirect means of
influencing customer experience, rather than on usability itself. However, this does
not imply that usability is unimportant in automotive SW development; rather, it
indicates that it was not strongly reflected in the perspectives captured in this study.

Role-based perspectives on SW quality

Green et al. (2024) highlight that various roles may hold different interpretations of
what SW quality entails. This was evident in the interviews with developers writing
code, where code quality and design aspects, such as readability, structure, and
maintainability, were central concepts in relation to SW quality. Code quality is a key
component in SW development, where readability and structure directly impact code
quality (Börstler et al., 2023). This aligns with the developer’s perspective of what
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code quality entails, while also including maintainability, which Green et al. (2024)
highlight as an “overarching” characteristic encompassing aspects such as readability
and complexity.
While other roles also discussed code quality, their perspectives were not directly tied
to SW quality in the same way, nor did they emphasize similar aspects as developers.
The authors argue that this difference can be explained by the roles' responsibilities,
where developers, as those who write the code, focus on its internal properties, while
for example roles such as EM may adopt a broader project-level perspective.

The findings also highlight a limited focus on maintainability in relation to enabling
updates and correcting errors within the SW. This aligns with ISO 25010 (2023),
which defines maintainability as the degree to which SW can be effectively and
efficiently modified by SW developers. Considering the complexity of the SW
described by the interviewees, an increased focus on maintainability may be
beneficial for the case company. This is further supported by Green et al. (2024), who
highlight that improved readability and maintainability positively influence both
developer efficiency and overall product quality.

Summary/Conclusion

To conclude, the findings indicate that there is no single, shared definition of SW
quality within the automotive context; it is best understood as a multidimensional and
context-dependent concept.

Requirements were identified as a key component in discussions of SW quality. The
authors therefore conclude that requirements are central, as they are important for
assessing whether the SW fulfills its intended purpose. They also translate customer
needs into functionality and serve as a means of achieving quality attributes.

Although some quality attributes may be more prominent than others, the findings
indicate that these alone are not sufficient to define overall SW quality. Context also
plays an important role in determining which attributes are emphasized. For SW
developed for safety-critical applications or exposed to cybersecurity risks, attributes
such as safety and security were highlighted. In contrast, attributes such as robustness
and reliability were emphasized in relation to customer or user experience.

While a role-based perspective was not strongly evident in the data, some examples
did emerge. In particular, developers involved in writing code emphasized
maintainability as an important attribute. This further strengthens the conclusion that
both the definition of SW quality and the importance of specific quality attributes are
context dependent.
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5.2 Quality management in SW development

The second RQ investigates what SW quality management practices are important to
deliver quality SW products. The empirical findings from the case company shows
that quality management in SW development is carried out through the combination
of several processes and practices related to QA and QC. The findings revealed
practices such as reviews, audits, assessments, testing, gates, traceability, defect
management and continuous improvement. These practices reflect the theoretical idea
that SQM is a combination of a set of organizational, managerial, and technical
activities that ensure SW quality is defined, governed, and improved throughout the
SW life cycle (ISO/IEC/IEEE 12207, 2017).

SQA vs SQC

Breaking down SQM, a key finding is that the case company performs several
practices that are understood as part of both SQA and SQC. However, both concepts
were not always clearly distinguished by the interviewees. This indicates an
ambiguity in the quality language used in the case company and implies a
misalignment with contemporary quality management theory as SQA and SQC have
been described as having different but complementary roles. ISO/IEC/IEEE 12207
(2017) and Guamán et al. (2020) described SQA and SQC respectively, with SQA
described as proactive and process-centered while SQC is operational and output-
focused, evaluating the SW outcomes.

Despite some of the interviewees not using the terminologies in the right way, they
still described important quality practices including reviews, tests, gates, checklists,
verification, and documentation. However, some other participants did make clear and
correct distinctions between SQA and SQC, highlighting important practices in both
aspects. In practice, a review or test may be meaningful and serving its intended
purpose even if the employees do not classify it as SQA or SQC, suggesting that SQM
is practiced more as a set of activities than as a shared management approach. This
contradicts ISO 9000 (2015), which emphasizes that the importance of a unified
process approach and shared understanding in a quality management system. This
lack of a shared conceptual understanding creates difficulties in aligning
responsibilities, communicating quality expectations and improving processes.

While most interviewees either highlighted a distinction or a lack of distinction
between both SQA and SQC, one interviewee expressed an interesting aspect by
describing SQC as being defined by SQA. They expressed that SQA first decomposes
the process and system, defining what should be done, how it should be done, and the
strategy of doing it, while SQC performs the control and verification activities on the
process and system outcomes. This aligns with Guamán et al. (2020) confirming that
SQA and SQC should not be understood as separate practices but as mutually
dependent parts of SQM, playing important roles in ensuring high quality outcomes.
The author concludes that the theoretical distinction between QA and QC, together
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with the ambiguity surrounding what these concepts entail in some cases, may pose a
risk to improvement efforts. If SQA is intended to provide confidence that quality
requirements will be met, but is instead interpreted as increased control, there is a risk
that the necessary proactivity in the processes will not be achieved

Reviews

Reviews appear to be one of the important quality practices expressed in the empirical
findings, reviews across the various SW development stages as essential for ensuring
high quality. This aligns with ISO/IEC/IEEE 12207 (2017) which emphasizes reviews
across all the development stages as an integral part of SW quality. The findings
highlight that reviews should already start with requirements and continue through the
architecture, implementation and into the test cases. The findings also highlight the
reviews of various SW work products to ensure consistency. Reviews were also
described as “base cornerstone”, emphasizing that reviews ensure that the test cases
actually test what they should.

As highlighted in Section 4.2 & 4.4.1, reviews serve different purposes for example
including supporting collaboration and compliance to regulatory requirements.
However, the findings also show that reviews are not sufficient alone to ensure SW
quality. While reviews provide necessary human judgement, their effectiveness
depends on their responsiveness, review coverage, participation and reviewer
expertise as highlighted by McIntosh et al. (2016). Kudrjavets and Rastogi (2024) also
describe modern code reviews as time-consuming. This introduces an important
tension for SW quality management as the expert evaluations provided by reviews
remain necessary in this complex automotive context hence the empirical findings and
theory suggest complementing reviews with gates.

Gates

Gates and automated gates were discussed across the findings as important to SW
quality. Gates are more objective with clearer go/no-go requirements, requiring
specific criteria to be met before SW can proceed to the next stage. Unlike reviews,
where judgement is subjective, and “human driven”, gates are expressed as
mandatory, and difficult to bypass. Therefore, gates function as formalized control
points in the development process, reducing ambiguity, and supporting process
discipline as highlighted by Wessel et al. (2022). This also corresponds with ISO
9000’s (2015) principle of evidence-based decision making, where decisions made
based on evaluated data are more objective and increase the likelihood of achieving
desired results.

At the same time, the empirical findings and theory do not suggest that gates should
replace reviews, they complement each other within the quality management system.
The authors argue that reviews are better suited to situations where interpretation and
system intent must be evaluated, for example, evaluating whether a requirement is
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clearly written and understandable, or whether a test case covers the right system
behaviours, both requiring expert human judgement. However, gates are better to
check predefined and measurable criteria such as whether coverage targets are
reached, or whether a test passes before allowing development to proceed. Therefore,
this indicates that SW quality depends on the efficient balance between expert human
judgement and automated objectivity.

Testing

Testing was another SQM practice widely discussed in the empirical findings. The
interviewees described several forms of testing, for example unit testing, integration
testing, SIL testing, and system-level testing. Testing was discussed as necessary to
evaluate SW behavior from code level up to product level, to confirm that the
requirements are fulfilled, and that changes do not break any existing functionality or
introduce new defects. This aligns with the V-model logic, as development activities
are connected to corresponding verification and validation activities, SW
requirements are linked to qualification testing, architectural design to integration
testing, and implementation to unit testing (Pavlíčková et al., 2024). Considering the
automotive context, the SW needs to be verified throughout the development stages,
as defects in released SW could cause potential safety risks. This aligns with Maro et
al. (2018) emphasis on the importance of the V model within automotive.

Therefore, testing is not only a late-stage activity, but it serves as both a control and a
feedback mechanism. Several interviewees highlighted the importance of detecting
issues earlier. This is connected to the case company’s expressed emphasis on built-in
quality, where quality should be created and sustained throughout the development
process instead of only at the end. This also aligns with Zhao et al. (2025), who
highlights the potential cost benefits of a robust SQA as it enables earlier
identification of issues. Therefore, the various testing practices in the case company
are understood as SQC rather than SQA, since their primary function is to detect
defects throughout the SDLC and provide a basis for improving the SW. Aligning
with how Guamán et al. (2020) explains the purpose of SQC. However, the authors
argue that these practices can also indirectly contribute to SQA, particularly when
recurring defects can be traced to specific development stages. This creates
opportunities not only to correct faults, but also to identify weaknesses in earlier
process activities and target them for improvement.

Traceability

Traceability is another SQM practice frequently discussed in the empirical findings.
Several interviewees highlighted the importance of traceability within the SW
development, highlighting the need for linking requirements, to architecture, to
implementation and testing, highlighting continuous follow-up of requirements and
test cases throughout the SDLC. This aligns strongly with Maro et al., (2018) and
Habibullah et al., (2024), who emphasize traceability is essential due to system
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complexity to maintain coherence in the SDLC. One QM also pointed out a key
understanding, defining QA as constant monitoring and providing full traceability and
confidence in the SW and related work product. Aligning with V-model and ASPICE
requirements that support SDLC consistency and bidirectional traceability, necessary
in regulated and safety-critical contexts (Pavlíčková et al., 2024; VDA QMC, 2023).
Therefore, traceability is a practical SQM mechanism that supports verification,
release readiness, and regulatory compliance

The importance of traceability related to safety, cybersecurity, and automotive
standards was also highlighted in empirical findings and supported by Maro et al.
(2018), who state that these standards require proper traceability to verify the safety of
the resulting SW and systems. While the maturity of traceability in the case company
has not been explicitly stated in the results, some interviewees did point out gaps
between implementation, testing and requirements which may indicate weak
traceability. This is particularly important in the automotive context as strong
traceability ensures all development stages are connected, meeting compliance
requirements, and justifying SW quality. Otherwise, when weak, uncertainty increases,
root cause analysis becomes harder, hindering potential improvements and learning. It
also becomes difficult to evaluate the maturity of the SW development process as
comparable process outcome evidence cannot be generated as described by ASPICE
(VDA QMC, 2023).

Continuous Improvement

Continuous improvement practices also form an important part of SQM. Across the
interviews, various aspects of continuous improvement were highlighted such as
metrics, KPIs, audits, assessments, defect management, retrospectives, and lessons
learned. This corresponds with the improvement principles in ISO 9000 (2015),
which emphasizes that organizations should continually improve processes to respond
to risks and opportunities. The findings also show that case companies try to learn
from defects instead of only detecting them. For example, the fault slip-through
analysis was frequently mentioned across the interviews as important; it investigates
why a fault or defect was not detected earlier and what should be improved to prevent
it from reoccurring. However, this appears to be more reactive, rather than trying to
continuously improve the processes.

Nevertheless, the findings also show that continuous improvement is not equally
institutionalized across the case company. While some interviewees described
structured retrospective and formal lessons learned frameworks, others described
more informal learning, personal notes, one-time efforts, and even lost learning
systems. This suggests that learning and improvement activities exist, but not
commonly shared, and organizational retention is inconsistent, thereby indicating a
misalignment with the improvement principles in ISO 9000 (2015). This is
particularly important from an SQM perspective, because continuous improvement
depends not only on collecting data and identifying lessons, but on making sure those
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lessons are captured, shared, and implemented to improve future projects. If learning
is not institutionalized, departments may repeatedly solve similar problems locally
without contributing knowledge to a shared organizational memory.

Metrics and KPIs

Metrics and KPIs were described as important tools for managing SW quality. The
findings discuss metrics used to monitor requirement quality, code quality, testing and
release readiness. With indicators mentioned such as requirement coverage, test
coverage, code coverage, test pass rates, fault slip-through, non-conformance rates,
CPU/memory usage, and regression results, etc. These metrics and indicators align
with ISO 9000’s (2015), who highlight evidence-based decision making which helps
organizations improve development processes and SW quality.

However, the findings also reveal critical views on metrics. Some interviewees
highlighted that metrics could give a misleading picture of SW quality. One developer
pointed out that high code coverage does not necessarily mean the tests cover
important scenarios and corner cases of the SW function. Furthermore, challenges
were highlighted regarding the use of KPIs/metrics applicable at different
organizational levels. In line with the theory presented by Izurieta et al. (2024), the
authors identify the value of measurement proxies in making KPIs/metrics useful
across these different levels of the organization. In addition, one developer
highlighted the use of cyclomatic complexity, while others did not, which indicates
inconsistencies in the metrics being used. This indicates that several metrics are
monitored in the case company, but it is not clear if the data represents meaningful
aspects of SW quality. Also, this implies that if metrics only measure activity rather
than effectiveness of the activity, they may create false confidence without necessarily
improving SW quality.

Audits and assessments

Audits and assessments also appear as SQM practices related to process maturity,
compliance, and continuous improvement. Several interviewees mentioned audits,
process reviews, and ASPICE assessments. These activities correspond to the
evaluation functions of a quality management system; objectively evaluating
processes, identifying nonconformities, and recommending improvements (ISO 9000,
2015). ASPICE, which is an automotive industry recognized assessment framework,
was also highlighted across the interviews and was also observed to be currently
implemented across the case company. This indicates that audits and assessment
provide an external and objective view on whether processes are followed, managed,
and capable of achieving their intended outcomes with applicable evidence.

However, the empirical findings suggest that audits and assessments are not
experienced equally across the case company. Leadership and process governance
roles like quality managers appeared to be more aware of audits, assessments, and
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related nonconformances, while operational roles like developers emphasized reviews,
testing, and gates related to their daily work. This indicates that the value of these
formal practices to everyday work should be expressed clearly, especially to the
operational roles, to encourage participation and implementation of potential
improvements.

Summary/Conclusion

Overall, the empirical findings show that SQM at the case company relies on key
practices including reviews, gates, testing, traceability, continuous improvement, and
its related activities. The findings also highlight several challenges related to these
practices, such as ambiguity between SQA and SQC, potential gaps in traceability,
limitations in the metrics, and uneven continuous improvement. While these key
practices largely align with SQM theory, and automotive industry standards, SW
quality requires more than only having them formally in place. Their effectiveness
depends on how they are consistently understood, integrated, and efficiently applied
across the SDLC. When practices are effectively connected, they provide confidence
that the SW has been developed, verified, controlled, and improved in a systematic
way. Therefore, the synthesis in this section hinges on the understanding that SQM is
the efficient interaction of a whole chain of people, processes, tools, and practices
towards the shared purpose of ensuring SW quality. This aligns with Green et al.’s
(2024) description of the relationship between process, code and system in ensuring
SW quality.

5.3 Factors that affect SW development and quality

This section highlights how factors impact SW development and quality. Comparing
the findings with previous research to identify alignments and contradictions with the
theory.

5.3.1 Process focus
The findings indicate that a strong process focus is perceived as essential for ensuring
SW quality. Interviewees emphasized the need for clear frameworks and standards to
guide development work. Process-related activities such as reviews, gates, and testing
were highlighted across interviews as critical practices, as discussed in Section 5.2.
Two interviewees (7 and 21) highlighted in Section 4.4.1 a chain perspective where,
processes are interconnected and important to achieve SW quality. The authors
conclude that while most have highlighted specific process activities, these alone
aren’t sufficient to achieve SW quality, but rather this chain perspective comes of
importance as SW development needs consideration of several activities throughout
the development life cycle. This aligns with the case company’s internal
documentation, which promotes a “built-in quality” strategy that prioritizes process-
oriented approaches over end-stage evaluation. Similar arguments are presented by
Green et al. (2024), who identify process quality as a key factor in achieving SW
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quality. Based on this, the authors conclude that well-defined and effectively
implemented processes are fundamental to increasing the likelihood of achieving high
SW quality.

However, the findings also highlight challenges related to processes and their
alignment. Interviewees expressed that aligning processes across the case company is
difficult. As highlighted in Section 4.3, four main sources of process guidance exist,
with the majority referring to locally developed frameworks. Furthermore, most
interviewees rely on a single primary source for process guidance.
The authors identify the use of multiple sources for process guidance as a risk that
may lead to fragmented practices and ways of working. Giachetti et al. (2024) and
Moe et al. (2021) similarly highlight process fragmentation as a quality risk,
emphasizing that SQM depends on coherence across development processes. As
indicated in Figure 4.6, some roles rely heavily on locally developed frameworks for
guidance. One interviewee (8) noted that when internal guidelines are unclear they are
updated. While this flexibility may improve clarity in the short term, it also introduces
risks, as local process changes may not align with centralized practices, thereby
increasing fragmentation. This aligns with Moe et al. (2021), who argue that
excessive team autonomy, without sufficient alignment with central governance, can
result in inconsistent processes and increased coordination efforts. This concern is
further reflected by a quality manager, who highlighted the lack of control over
locally developed frameworks as problematic, making it difficult to ensure the
correctness and reliability of the information.

A potential explanation for this fragmentation, particularly regarding the use of
different sources for process guidance, emerges from the findings. The centrally
provided frameworks, often perceived as “higher-level,” are sometimes too generic
and not sufficiently useful for operational roles. This appears to drive reliance on
locally developed frameworks. This can be interpreted through Boiral (2007), who
explains that process fragmentation may occur when centrally defined processes are
not fully understood and when employees are not actively involved in their
implementation.

In contrast, locally developed frameworks are often tailored to the specific context of
the teams, making them more relevant and practical for daily work. However, the case
company's internal documentation highlighted a need for consideration of the need for
unique local processes, and that there is potential for standardization. In addition, the
data also highlights uncertainty regarding how updated and reliable the central
process guidance is, as well as difficulties in locating information. These frameworks
were described as “messy” and “confusing,” with new sources of
information/frameworks introduced without closing old ones. This may further
reinforce trust in, and reliance on, locally developed process guidance.

Despite this, some interviewees still expressed the use of central process guidelines
either exclusively or in combination with locally developed guidance. They perceived
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the central process guidelines as reliable and up to date, although limitations in user-
friendliness were still highlighted. Additionally, some other interviewees also
emphasized the benefits of central process guidance in relation to compliance with
standards such as ISO and ASPICE. This may contribute to a sense of confidence
among employees, as adherence to central process guidance can be perceived as
ensuring that necessary standards and requirements are fulfilled.

Lastly, although not evident across all interviewees, two engineering managers
(Interviewees 10 and 15) emphasized the importance of aligning locally developed
process guidance with central process guidance. Similarly, Interviewees 10 and 12
highlighted the need for locally developed processes to adhere to standards such as
ISO and ASPICE. While there is an emphasis on the alignment of locally developed
processes with standards and the central process guidance, this was not evident across
the interviews. The authors identify a key strength in aligning the way of working in
the organization, which can enhance consistency across the development process.
This aligns with the ISO 9000 (2015) process approach, which emphasizes the
importance of understanding processes and their interactions to achieve consistent and
predictable results. Such an approach also facilitates the identification of
improvement opportunities and supports the enhancement of overall system
performance.

Conclusion/summary

The authors conclude that the reliance on locally developed frameworks represents a
potential source of process fragmentation. Due to employees referencing different
sources for process guidance across the organization, potentially working in a less
streamlined or standardized way. As highlighted in the literature, such fragmentation
constitutes a significant quality risk, as SQM depends on coherence across
development processes (Moe et al., 2021; Giachetti et al., 2024). This risk is further
reinforced by the limited clarity in the findings regarding the extent to which locally
developed frameworks must adhere to central process frameworks. The identified
flexibility to adjust processes based on unclear or incomplete central guidance may
improve local usability, but it also risks reducing process standardization across the
organization. Furthermore, personnel may reference different sources thereby
potentially not aligning in how development should be performed.

While ISO 9000 (2015) highlights that context-specific aspects influence QMS, it also
emphasizes the importance of clearly defining processes and activities to enable
measurement. This may be difficult to achieve if processes are not aligned across the
organization, which is also reflected in the challenges related to metrics and KPIs (see
Section 5.2). The authors acknowledge that there may be a need for local adaptation,
as teams do not necessarily develop similar SW. However, concluded that it is of
importance that such adaptations adhere to centrally defined case company standards,
particularly considering the impact of process quality on overall SW quality (Green et
al., 2024).
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5.3.2 Requirements.

As discussed in Section 5.1, the findings highlight the importance of SW requirements,
particularly in relation to their impact on SW quality. However, several challenges
were also identified.

Two requirement developers emphasized that requirements should be clear and
understandable, which is also highlighted by ISO 12207 (2017) as a characteristic of
good SW requirements. However, the findings indicate challenges related to
requirement quality, including lack of clarity and difficulties in testing. One
requirements developer further emphasized that writing good requirements is
challenging in practice. The theory provides potential explanations for these issues.
Palomares et al. (2021) identify challenges in requirements elicitation related to
understanding and prioritizing stakeholders’ needs and requirements instability due to
changing priorities. Considering the context of the case company, this appears highly
relevant given the need to address diverse stakeholders, such as the OEMs, the
OEM’s customers, as well as regulatory standards. In addition, Abrahão et al. (2024)
highlight challenges of requirements specifically in the context of complex SW
systems, which aligns with the case company’s development of SW for the
automotive industry.

The case company documentation recommends a method called EARS when
specifying requirements; none of the interviewed requirements developers mentioned
using it in practice. This highlights a fragmentation between actual practices and
centrally defined process guidance, as discussed in Section 5.1. However, the case
company’s internal documentation also highlights the importance of reviews for
assessing feasibility and testability, which both interviewees described as a means of
evaluating requirements in an iterative manner to improve clarity.

Given that requirement specification is identified as a key source of quality risk
(Habibullah et al., 2024), a more standardized and streamlined requirements process
across the organization is thereby preferred. According to ISO 9000 (2015), this
process approach enhances understanding of how results are produced, thereby
facilitating the identification of improvements.
Green et al. (2024) and Majumder et al. (2022) highlight the value of process metrics
in predicting quality issues, primarily in relation to code quality, the same logic may
also be applied for requirements activities. A well-defined and consistently applied
process would increase transparency and measurability of requirement-related work,
allowing the organization to collect relevant data on process performance. This
supports evidence-based decision-making, as emphasized in ISO 9000 (2015), where
decisions based on data increase the likelihood of achieving the desired result.

A final challenge concerns requirements in relation to time and planning. One
interviewee highlighted that requirements are sometimes rushed due to time and cost
considerations. Another described the importance of having sufficient time in the
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requirements phase, linking this to SW quality by emphasizing the importance of
doing the right things from the beginning. Considering that time pressure affects
quality outcomes (Kuutila et al., 2020) and that requirements elicitation is already
challenging due to changing priorities and stakeholder complexity (Palomares et al.,
2021), sufficient time in the requirements stage appears to be important. This is
particularly relevant given that requirements are developed early in the process and
influence later development stages. High-quality requirements in terms of clarity,
understandability, and fulfilment of stakeholder needs are therefore important,
especially since later adjustments to requirements tend to be more costly (Tan et al.,
2017).

A further concern relates to requirements in relation to implementation, where two
interviewees described situations in which implementation was completed or near
completion while requirements were not yet finalized. Although this was not evident
across all interviews, it represents a critical issue. As highlighted in the literature,
requirements serve to translate stakeholders’ needs into technical specifications
(Abrahão et al., 2024). When requirements are incomplete or not fully defined, there
is therefore a risk that the developed SW does not reflect stakeholder needs.
In addition, downstream verification depends on clear and traceable links between
requirements, implementation, and testing (Habibullah et al., 2024; Maro et al., 2018).
Unfinished or missing requirements therefore make verification difficult, or in some
cases not feasible, which aligns with the challenges related to testing expressed by
interviewees. Furthermore, this undermines the importance of achieving the necessary
traceability, which is critical in the automotive context, where SW development must
adhere to strict quality obligations, standards, and regulatory frameworks (Li et al.,
2024).

5.3.3 System complexity and dependencies

It is evident across the interviews that the SW systems being developed are inherently
complex. This aligns with the literature highlighting that automotive SW has become
increasingly complex as vehicles have become more SW-defined (Li et al., 2024; Ryu
& Do, 2023; Wang et al., 2024). More broadly, in line with technological
advancement, it is also likely that the automotive industry will continue to become
increasingly SW-defined, bringing further complexity. While the SW itself is
characterized by complexity, the findings suggest that dependencies make SW
development further complex and a risk for quality issues. As Vogelsang (2020)
highlights, features are no longer independent, which complicates development
because dependencies must be managed from a broader system perspective.

The findings highlight that dependencies within the SW constitute a challenge, which
can be understood from two perspectives: (1) dependencies between features and (2)
dependencies between teams. Regarding the first perspective, Interviewee 13
highlighted the importance of cyber securing developed features even when they are
not considered a cyber security risk, since they are part of a bigger network that may
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be affected if not handled properly. This aligns with Li et al. (2024), who emphasize
that increased connectivity places greater demands on development to include
standalone cybersecurity requirements to withstand attacks. The findings therefore
suggest that SW need to be understood and evaluated from a broader system
perspective because their interactions with other parts of the system may create
quality-related consequences. Thereby highlighting the need for dependencies
management within the automotive context as Vogelsang (2020) highlights.

Some interviewees expressed challenges related to dependencies between teams, for
example when integrating SW on other teams’ nodes or when lacking understanding
of how changes of one team’s SW may affect other teams’ SW. This aligns with
Vogelsang (2020), who highlights that dependencies create integration challenges and
therefore need to be considered from a system-level perspective. The findings suggest
that achieving such a perspective is difficult in practice, as teams do not always have
full visibility of how their own changes interact with neighboring parts of the whole
system. This, in turn, creates challenges in development and increases the risk that
dependency-related issues are not identified until later stages.

Challenges regarding dependencies between teams were further highlighted as being
easier to handle when managing the SW feature within the team. However, when
dependency exists between teams, collaboration is challenging due to different
priorities and risk becoming a potential bottle neck. In line with Bjarnason et al.
(2022), who highlights the importance of communication and collaboration when
handling issues, particularly with autonomous teams. The findings suggest that this
collaboration is perceived as hard to set up and time consuming, risking slowing down
the development. A possible explanation for this can also be linked to the process
fragmentation discussed in Section 5.3.1. If teams operate with a high degree of
autonomy, there is a risk that they do not fully see how their local process guidance
relates to the broader system, which in turn may make collaboration more difficult
when dependencies across teams need to be managed.

To conclude, the findings suggest that SW system complexity impacts development
and potentially also SW quality, not only through the technical and feature
dependencies themselves, but also through dependencies across teams. The authors
therefore conclude that SW quality within automotive SW development requires
system-level visibility, coordination, and alignment across teams.

5.3.4 Time

Time also appeared as a consistent factor affecting SW development and potentially
the SW quality in the case company. Several interviewees highlighted that quality
outcomes depend on having sufficient time and realistic planning from the beginning
of development. However, the empirical findings show that this is not always the case
in practice, for example unrealistic timelines, requirements development, code
refactoring, code adjustment in relation to release candidate (stage Z). This shows a
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wide coverage of time related issues expressed in the case company indicating a
misalignment with quality management planning and proactive process principles,
where quality depends on establishing the right conditions needed to achieve intended
results (ISO 9000, 2015).

The findings also show that time pressure can lead to situations where SQA activities
are postponed or performed with less attention. One project sponsor highlighted the
need for clear rules for quality related activities that cannot be skipped even with time
pressure. However, the findings show a different reality, as one EM highlighted
pressure to deliver on short notices creates uncertainty in the quality of the SW
especially when testing was not as thorough as expected. Another requirement
developer also expressed a lack of time to perform thorough requirement reviews
especially when dealing with fault slip-through reports as they increase workload, and
time plans do not account for this. These consequences of time pressure were visible
across several roles in the case company, aligning with Kuutila et al. (2020), who
argue that sustained time pressure can reduce SW quality and encourage shortcuts in
development. It is clear from the empirical findings that several SQM practices have
been rushed due to time pressure. Therefore, time affects the amount of development
that can be done, but by also influencing how thoroughly the development process
and quality practices can be performed, it potentially affects the SW quality.
Preventive quality practices such as requirement reviews, code refactoring, work
product reviews, and early testing risk becoming weak, increasing the reliance of late-
stage quality control and defect correction. Therefore, time pressure should be
understood as a quality risk rather than only project-planning issue.

5.3.5 Testing

Testing is another important factor affecting SW quality (see Section 5.2); it evaluates
SW behavior and detects defects across the development stages. However, the
findings also show that the value of testing depends on the speed and effectivity of the
tests. Refer to section 4.4.5; several interviewees highlighted testing-related
challenges affecting both SW quality and developer efficiency. Slow feedback loops
were described as particularly important for developers to maintain the context fresh
in mind as it affects operational efficiency. Green et al. (2024) highlight developers
emphasizing process efficiency as important, furthermore that developers' efficiency
impact product quality. Therefore, the authors concluded that it is important to
improve feedback loops to enhance developer efficiency. While slower or late test
results may still support SQC by showing whether the SW fulfills certain criteria, it
contributes less to the prevention focus and developer efficiency.

Automated testing is also viewed as critical at the case company due to the large-scale
development and need for faster outputs and precision as manual testing is insufficient.
This aligns with Zhao et al. (2025) who argue that modern automotive SW
development requires increased automation due to the complexity of the automotive
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context and the risk of failing to detect flaws before SW release. Additionally, the SIL
test environments were highlighted as not being well developed, affecting the ability
to test the SW earlier in the project. This operational reality contradicts the V-model
logic, where verification activities should be linked to the corresponding development
stages rather than left until later stages (Pavlíčková et al., 2024).

These findings indicate that while testing is recognized as important, the
organization’s ability to test efficiently is not mature enough. They also suggest that
testing goes beyond the number of tests performed, but involves ensuring test
effectiveness, speed of feedback, and the availability of adequate test environments.
When these are not in place, testing becomes more reactive than preventive and
increases the reliance on costly late-stage defects detection rather than a built-in
quality focus.

5.3.6 Summary

Taken together, Section 5.3 shows that SW quality is affected by several
interdependent factors rather than standalone factors. This is illustrated in Figure 5.1.
The minus in the figure indicates a negative impact and plus indicates a positive
impact. Dashed arrows are the author’s conclusions based on the findings in
comparison to the literature and solid arrows are where theory and the findings
coincide.

Figure 5.1 Factors impacting SW quality

A clear process focus provides the structure for quality assurance and control, but its
effectiveness depends on whether the processes are unified, consistently understood
and applied across the organization. Requirement quality has been seen to form an
important foundation connecting everything else. Unclear requirements or
insufficiently testable requirements create downstream issues for implementation,
verification, and testing. These issues are further intensified due to the dependencies
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and complex nature of automotive SW systems, making collaboration challenging.
Additionally, testing is highlighted as central to SW quality even though it is limited
at the case company. Finally, time pressure and limited planning act as an amplifier to
all the highlighted factors. Therefore, improving SW quality involves more than
individual process improvements, it needs to address how these highlighted factors
interact across the development processes.



89

6 Conclusion

This chapter concludes the research by answering the research questions, presenting
limitations, and suggestions for future research. The purpose of this study is to
increase the understanding of how SW quality is defined within an automotive SW
development context, and to identify practices and factors that impact SW quality. To
address this, relevant literature has been reviewed to form a basis for the research and
empirical data have been collected through semi-structured interviews, observations,
and documentation reviews.

6.1 Answering the Research Questions

RQ1: How is software quality defined within the automotive context?

The research shows that SW quality is difficult to define within the automotive SW
development context. Instead, SW quality is understood as a concept with many
dimensions, shaped by role and development context. There are indications that the
development context determines which SW quality attributes are being prioritized.
Furthermore, the role perspective seems to also determine the emphasis on specific
SW quality attributes. However, two perspectives are heavily emphasized. First, there
is a strong focus on requirements when defining the SW quality within automotive,
either in adherence to regulatory aspects, verification, or fulfilling customer needs.
Secondly, there is a strong emphasis on safety of the automotive SW, considering
potential consequences of SW failure in the automotive context.

RQ2: What practices are important for software quality management?

The research identifies several practices that are important for SW quality
management. The important practices identified include reviews, gates, testing,
traceability, metrics and KPIs, audits and assessments, retrospectives and lessons
learned, and continuous improvement. Therefore, the authors conclude that while all
the practices are necessary; reviews, gates and testing should have more emphasis as
they provide expert judgement, objective control, and evaluation of SW behavior
respectively across all the development stages.

RQ3: What factors impact automotive software development and quality?

The research identifies five factors that impact SW development and quality such as
process focus, requirements, system complexity and dependencies, time, and testing,
as discussed in Section 5.3. The research shows that SW development and SW quality
are influenced by a combination of technical, organizational, and process-related
factors that interact with each other throughout the SDLC. Additionally, the authors
identify that the process focus is a critical factor in automotive SW development, as
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they significantly affect both the development process itself and the resulting SW
quality.

6.2 Limitations

This research aims to contribute to an increased understanding of SW quality
management in the automotive context. However, certain limitations are
acknowledged. Firstly, the research is based on a single-case study, connected to a
specific organizational context. Therefore, the findings may not be directly
generalizable and transferable to other companies, or SW development contexts.
Secondly, managerial roles were overrepresented compared to operational roles. This
may have influenced the findings giving less representation to the roles related to
actual SW implementation. Finally, the research had limited access to interviewees
from the departments developing the most customer-facing technology. The absence
of these departments may have limited the understanding of customer perspective in
SW quality.

6.3 Future Research

Future research could build on this study by including more operational roles,
particularly requirement developers, SW developers, and testers. This could provide
deeper insights into the application of SQM practices by the SW implementation
practitioners. Additionally, including more customer-facing development practitioners,
could strengthen the understanding of customer perspectives related to automotive
SW quality. Finally, future research could complement the findings of this study with
a quantitative approach to investigate whether the identified factors are experienced
by a wider sample across departments, and even other organizations within the
automotive context.
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Appendices

Appendix A Questionnaire for Quality Managers

General questions:
- Please introduce yourself and which line organization you belong to and your

role?
- How long have you been working at the [case company] and with SW

development in total?

Quality specific questions:
- How do you define “software quality” and “built‑in quality”?
- What are the most important quality attributes for automotive software in your

context?
- How would you describe quality assurance and its purpose in SW

development?
- How would you describe quality control and its purpose in SW development?
- How are quality assurance, quality control, and verification activities applied

in your development process in practice?
- What practices are most important for ensuring high-quality software

development?

Frameworks, Standards & “Ways of Working”:
- Where do you typically find documented guidance on how software

development work should be performed, and which source do you encourage
teams to follow?

o Do you perceive the information to be thorough and adequate for your
team members to be able to deliver a quality SW?

- How do you communicate these quality practices/activities and ways of
working within the team?

o How do you ensure that communicated quality processes are
understood and followed by development teams?

Collaboration:

- What kind of collaborative efforts are you involved in to increase quality of
the development processes?

o What kind of collaborative efforts are carried out with other teams
within [Case Company] to improve quality?

- What would make these collaborative efforts smoother or more effective?

Quality expectations in relation to development efforts.
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- What kind of circumstances do you perceive to be critical for teams to be able
to deliver quality outcomes?

- Which quality-related practices or activities are considered non-negotiable,
even when the project is under time or cost pressure?

- How do you ensure consistency in quality practices across all the development
stages?

Defects handling and Continuous Improvement
- What metrics do you use to measure the quality of your development efforts?

o How do you handle trends (good & bad) within your team/organization,
based on metrics?

- What typical quality issues occur and at what stages in the development efforts?
o How do you capture and apply lessons learned to ensure continuous

improvement of quality in the development processes?

Final Reflection
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?
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Appendix B questionnaire for engineering managers
General questions:

- Please introduce yourself and which line organization you belong to and your
role?

- How long have you been working at [Case Company] and with SW
development in total?

Quality specific questions:
- How do you define “software quality” and “built‑in quality”?
- What are the most important quality attributes for automotive software in your

context?
- How would you describe quality assurance and its purpose in SW

development?
- How would you describe quality control and its purpose in SW development?
- How are quality assurance, quality control, and verification activities applied

in your development process in practice?
- What practices are most important for ensuring high-quality software

development?

Quality Ownership and Responsibilities
- Where do you believe quality responsibility primarily sits, and what are the

roles responsible?
- What kind of circumstances do you perceive to be critical for teams to be able

to deliver quality outcomes?

Processes, Culture & Ways of Working
- How would you describe the culture of quality within your unit/group?

o Where do you see gaps in the quality mindset within your unit/group?
- Where do you typically find documented guidance on how software

development work should be performed, and which source do you encourage
teams to follow?

o Is it always easy to locate these guides, and do you perceive the
information to be updated and reliable?

o Do you perceive the information to be thorough and adequate for your
team members to be able to deliver a quality SW?

- From your point of view what practices are lacking currently to ensure quality
throughout the development efforts?

Measurement & Continuous improvements
- What metrics do you use to measure the quality of your development efforts?

o How do you handle trends (good & bad) within your team, based on
metrics?
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- What typical quality issues occur and at what stages in the development efforts?
- How do you capture and apply lessons learned to ensure continuous

improvement of quality in the development processes?

Quality expectations in relation to development efforts.
- How do you handle situations where the quality assurance related activities

risk being deprioritized due to time or cost pressures?
o Which quality-related practices or activities are considered non-

negotiable, even when the project is under time or cost pressure?
- How do you ensure consistency in quality practices across the development

effort?

Final Reflection
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?
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Appendix C questionnaire Product owners
General questions:

- Please introduce yourself and which line of organization you belong to and
your role?

- How long have you been working at [Case Company] and with SW
development in total?

Quality specific questions:
- How do you define “software quality” and “built‑in quality”?
- What are the most important quality attributes for automotive software in your

context?
- How would you describe quality assurance and its purpose in SW

development?
- How would you describe quality control and its purpose in SW development?
- How are quality assurance, quality control, and verification activities applied

in your development process in practice?
- What practices are most important for ensuring high-quality software

development?

Responsibilities and quality aspects
- What kind of circumstances do you perceive to be critical for teams to be able

to deliver quality outcomes?
- What quality-related activities would you say are most critical, and how do

you ensure these are being realized within the team?
o Are these quality-related activities adequate, and where do you see

gaps?
- How do you handle situations where quality related activities in the

development efforts risk being deprioritized due to time and cost pressures?
o Which quality-related practices or activities are considered non-

negotiable, even when the project is under time or cost pressure?
- How do you ensure regulative automotive requirements and certifications have

been fulfilled?
- How would you describe the responsibilities regarding quality within the team?

Ways of working
- Where do you typically find documented guidance on how software

development work should be performed, and which source do you encourage
teams to follow?

o Is it always easy to locate these guides, and do you perceive the
information to be updated and reliable?
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o Do you perceive the information to be thorough and adequate for your
team members to be able to deliver a quality SW?

- Are there any “local” adaptations to this recommended documented guidance?

Metrics, Continuous improvement & Knowledge Sharing
- What metrics do you use to measure the quality of your development efforts?

o How do you handle trends (good & bad) within your team, based on
metrics?

- What typical quality issues occur and at what stages in the development efforts?
o How do you capture and apply lessons learned to ensure continuous

improvement of quality in the development processes?
- Do you have any knowledge sharing outside your team for potential adoption

of other team ways of working or sharing own process developments?

Final Reflection
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?
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Appendix D questionnaire for requirement
developers

General questions:
- Please introduce yourself and which line organization you belong to and your

role?
- How long have you been working at [Case Company] and with SW

development in total?

Quality specific questions:
- How do you define “software quality” and “built‑in quality”?
- What are the most important quality attributes for automotive software in your

context?
- How would you describe quality assurance and its purpose in SW

development?
- How would you describe quality control and its purpose in SW development?
- How are quality assurance, quality control, and verification activities applied

in your development process in practice?
- What practices are most important for ensuring high-quality software

development?

Requirement understanding & quality aspects
- How would you define high-quality SW requirements?

o How do you determine whether requirements are feasible and testable?
- How do you ensure that SW requirements reflect customers' and vehicle-levels

expectations?
o How do you evaluate the trade-off between potential customer benefits

that specific SW requirements may introduce versus the complexity it
may add to the software?

Requirements specifying:
- What practices ensure that SW requirements when specified are clear and

complete?
- How do you ensure that various ISO standards and any other safety or quality

standards are considered when specifying requirements?
- Are there rooms for interpretations of SW requirements and how are

ambiguities detected and handled before development starts?
- Do you within the team or externally have systematic reviews of the SW

requirements, who is involved, and what is the purpose and focus?
o How are system properties represented in your software requirements?
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- When defects are discovered in later stages of the development efforts, how
often are they found to originate from SW requirements?

o From your perspective, what would you say are the frequent causes of
these defects?

- How are changes to SW requirements handled once implementation has
started?

o How is backward compatibility addressed at SW requirement level?

Ways of working
- Where do you typically find documented guidance on how SW requirements

should be developed ?
o Is it always easy to locate these guides, and do you perceive the

information to be updated and reliable?
o Do you perceive the information to be thorough and adequate for you

to be able to deliver quality SW requirements?
- What works well and what are challenges with your current SW requirement

development tool?
- How do you measure the quality of the requirements? Are there any specific

KPIs that you are tracking?
o How do you handle trends (good & bad) within your team, based on

metrics?

Final Reflection
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?
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Appendic E questionnaire for software architects

General questions:
- Please introduce yourself and which line organization you belong to and your

role?
- How long have you been working at [Case Company] and with SW

development in total?

Quality specific questions:
- How do you define “software quality” and “built‑in quality”?
- What are the most important quality attributes for automotive software in your

context?
- How would you describe quality assurance and its purpose in SW

development?
- How would you describe quality control and its purpose in SW development?
- How are quality assurance, quality control, and verification activities applied

in your development process in practice?
- What practices are most important for ensuring high-quality software

development?

Understanding & Interpreting Requirements
- How do you interpret software requirements when starting architectural design,

and how do you ensure that important quality attributes are properly
understood?

- When requirements are ambiguous or conflicting, what is your process for
resolving these issues before making architectural decisions?

Allocation & Traceability
- What approach/tools do you use to allocate software requirements to

architectural elements?
o What is working good and bad with your current tool to develop SW

architecture?
- What is your approach for ensuring bidirectional traceability and consistency

between software requirements and software architecture?
o If not touched upon ask: In your opinion, what is the main purpose and

value for achieving traceability?
- How do you ensure that your architectural design remains aligned with

updated or evolving SW requirements?

Ways of Working -
- Where do you typically find documented guidance on how SW architecture

should be developed.
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o Is it always easy to locate these guides, and do you perceive the
information to be updated and reliable?

o Do you perceive the information to be thorough and adequate for you
to be able to deliver quality SW architecture?

Trade‑Off Analysis & Quality attributes –
- How do you approach evaluating trade‑offs and prioritize competing design

characteristics versus the complexity they may add to the software?
- How do you ensure that various ISO standards and any other safety or quality

standards are considered when designing SW architecture?
- How do you avoid unnecessary complexity in your architecture to ensure easy

maintainability and unit testing?
- What characterizes a high quality SWAD (software architecture design

description) and what risk does it mitigate in later development stages?
o Which quality attributes are hardest to verify at the architectural level,

and why?

Collaboration, Review Process & Defect Handling
- Are architecture designs reviewed systematically and what's the purpose?

o Who participates in these reviews, and what is their focus?
- How are architectural risks or quality issues identified in these reviews and

how are they escalated/addressed?
- What works well in the current architecture review process, and where do you

see improvement opportunities?
- After architectural changes, how are updates communicated to downstream

stakeholders?
- At what stages of development are most architectural defects discovered?

o In your experience, what are the most common causes of these defects?

Final Reflection
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?
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Appendix F questionnaire for software developers

General questions:
- Please introduce yourself and which line of organization you belong to and

your role?
- How long have you been working at [Case Company] and with SW

development in total?

Quality specific questions:
- How do you define “software quality” and “built‑in quality”?
- What are the most important quality attributes for automotive software in your

context?
- How would you describe quality assurance and its purpose in SW

development?
- How would you describe quality control and its purpose in SW development?
- How are quality assurance, quality control, and verification activities applied

in your development process in practice?
- What practices are most important for ensuring high-quality software

development?

Questionnaire (F1) - Detailed Design
SWDD development and quality

- How would you define high-quality SWDD?
o What stage of development should SWDD be written?
o What typical defects do you see in SWDD?

- Before you develop a SWDD, what do you usually do to make sure you
understand and address both functional and non-functional requirements in the
design?

o How are ambiguities detected and resolved before design
implementation begins?

- How do various ISO standards and any other safety or quality standards
influence your design decisions?

- How do you ensure bidirectional traceability between e.g. requirements,
architecture, and detailed design?

o What quality risks do you see when traceability between these
elements is incomplete or missing?

- When modifying an existing function or module, how do you identify and
manage dependencies that might be affected?

o How are these impacts communicated to other teams or stakeholders?
- How do you avoid unnecessary complexity in your designs to ensure easy

maintainability and unit testing?
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Frameworks & Tools
- Are there any tools, templates or frameworks you utilize when developing

SWDD, what are working good and bad with your current tools?
- Do you perceive the tools/templates/frameworks to be sufficient to develop

quality SWDD or are there any gaps?

Reviews
- Are detailed design documents (SWDD) reviewed systematically and what's

the purpose?
o Who participates in these reviews, and what is their focus?
o How do design reviews confirm that the detailed design supports

efficient and complete verification activities, such as unit testing?
- What works well in the current detailed design review process, and where do

you see improvement opportunities?

Questionnaire (F2) - Implementation (Core
Programming)
Before Coding - Clarity of requirements, architecture & Design:

- How do you make sure you fully understand the requirements, architecture,
and detailed designs before starting implementation?

o How are ambiguities detected and resolved before implementation
begins, and what impact does it have on quality?

- Are you aware of the Definition-of-Ready (DoR) criteria?... If yes follow up
with questions below;

o From your perspective, what kind of gaps in DoR are common and
how does it affect the quality of your implementation?

Coding “guidelines” & Ways of Working
- Where do you typically find documented guidance for developing SW.

o Is it always easy to locate these guides, and do you perceive the
information to be updated and reliable?

o Do you perceive the information to be thorough and adequate for you
to be able to deliver quality SW?

- What practices help you keep your code readable, maintainable, and easy for
others to understand?

- How are code reviews carried out in your team and who is typically involved?
o What works well in the current review process, and where do you see

improvement opportunities?
- How do you typically approach unit testing when implementing new

functionality?
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o In your opinion, what makes unit testing sufficiently complete for a
software unit?

- What level of code coverage (for example line coverage or branch coverage)
do you consider appropriate, and why?

o Are there any coverage targets or thresholds communicated in your
organization? If yes, how are they used in practice?

- Are there situations where the expected coverage levels are not reached? What
are the typical reasons?

o How do you determine whether a unit test is meaningful and valuable,
rather than just increasing coverage numbers?

- When implementing new functionality or modifying existing code, how do
you ensure that your changes do not introduce unintended side effects?

- What works well and what are challenges with your current development and
testing tools?

Code Storage & Traceability
- How do you manage changes to your code?

o How do you ensure that all code changes are traceable back to specific
requirements, tasks, issues, or change requests?

o How do you manage versions of your code together with versions of
requirements and other data sources with separate version handling?

- Have you experienced issues caused by inadequate version control practices
and how does this affect quality?

- When investigating bugs, how often does the root cause turn out to be outside
the implemented code (e.g., architecture, requirements, test setup)?

- How do you capture learnings from your early testing activities?

Final Reflection –
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?

Questionnaire (F3) – Integration & Testing
Pre-integration readiness

- Before integrating your unit/component, what conditions do you personally
consider “must‑have” to ensure high-quality integration at component and SW
level?

o What is often missing in practice?
- How do you ensure that requirements, interface definitions, and architectural

constraints are clear and traceable before starting integration?
o What kinds of gaps or misunderstandings do you typically see that can

jeopardize integration quality?
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- How is the integration strategy (order of integration, dependencies, test
approach) decided and documented?

Workflow and integration quality:
- What works well and where does you see gaps in the coordination of

integration activities within your team and across other teams?
- How do you verify interactions between units and components, especially

when they are developed by different teams?
- How are changes to interfaces or software behavior communicated and

managed to ensure compatibility during integration?
- What types of integration tests do you perform at the full software level, and

where do you see gaps?
- How do you monitor regression risks during ongoing integrations?

Post Integration, traceability & defects -
- When integration reveals a problem, how easy is it to trace the root cause back

to requirements, architecture, design, or implementation?
o Where do most defects originate from your experience?

- How do you handle deviations or defects discovered during integration, and
how do you assess their impact, risk, and severity?

o Are there any deviations that can’t be overlooked and if so, what kind?
- What quality indicators do you consider before declaring an integration

successful?

Verification against software requirements
- Once the software is integrated, how do you verify that the complete software

behavior satisfies all the defined software requirements?

Software-level testing practices
- What types of software-level tests do you typically perform before the

software is considered ready for system testing?
o Where do you see gaps or challenges in software qualification testing

today?
- How do you verify non-functional attributes such as timing behavior, resource

usage, robustness, or error handling at the software level?
- How do you ensure that the software behaves correctly under realistic

operating conditions or system interactions?

Final Reflection
- What would you say are currently working well and what is missing regarding

the development efforts to be able to ensure a quality outcome?
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